CURRENT PROTECTOR BACKGROUND OF THE | NVENTION This invention relates to a
current [protector, particularly an organic resin-made chip type current E2238
prot ect of*"&nd processes for producing the sane. 5 Current 90/28
protectors &re used for protecting electronic devices from over-current
acting as an automatic circuit-interrupting device. The current protector
used in the presknt invention is connected in series to an electric circuit
and is subjected to blowing 10 of a fusible link in the current protector
under over- current conditions so as to protect devices by breaking an
electric current thereafter. Such an elenent is generally called a fuse.

When the term "fuse" is used, the elenent should satisfy the required
properties 15 specified in various regul ations. But with recent

di versification of electronic devices, there appear current protectors

havi ng properties different fromthose specified in the regulations for the
fuse. In the present invention, the term"current protector” is used 20 in

a w de neani ng including conventional fuses and having the properties and
oper ati onal nechani sm nenti oned above. As over-current protecting devices,
there can be used as electronic switches using thyristors or transistors in
addition to the above-nentioned current 25 protectors. But such devices

were not always suitable This is the replacenent sheet BACKGROUND OF THE

| NVENTI ON This invention relates to a current protector,

CURRENT PROTECTOR



particularly an organic resin-made chip type current protector and
processes for producing the sane. 5 Current protectors are used
for protecting electronic devices fromover-current acting as an automatic
circuit-interrupting device. The current frbtector used in the present

i nvention is connected in series to an electric circuit and is subjected to
blowing 10 of a fusible link in the current protector under over- current
conditions so as to protect devices by breaking an electric current
thereafter. Such an elenent is generally called a fuse. Wien the term
"fuse" is used, the elenent should satisfy the required properties 15
specified in various regulations. But with recent diversification of

el ectroni c devi e gp rotectors having properties
di fferent fron%@ﬁ%gg&gﬁékl 'gﬁﬁ{ﬂﬁ#ﬁ%ﬁﬁgﬁﬁlations for the fuse. In the
present i nvention, the tgipg g vemaow%@%tt%rs & 2820 RSy,
meani ng i ncl udi ng conventlonal uses and having the proper

operati onal @Qg&ﬁmm %e%% lexv.%rad%uaiﬁ? Reldryhdevi ces,

there can be u as el ectronic tches using thyri or transistors in

addi tion to therakewlorRindopedcedse®N fodd pHohRA Y St-heBlétam%llCh devi ces
were not alwayS suitable This Sheet Has Been Repl aced -2- for devices

whi ch requise mni at uri zgurdent protedtoreatd Weed For ipravastimgich as
portabl e devices operated by a battery due to an increase in circuit parts
and an i ncr easelectrondicr devioes foons oved<opurremtolaeting as an
automatic circuit-interrupting device. The current
protector used in the present invention is connected in
series to an eiectric circuit and is subjected to blowing
10 of a fusible link in the current protector under over-
current conditions so as to protect devices by breaking
an electric current thereafter. Such an element is
generally called a fuse. Whén the term "fuse" is used,
the element should satisfy the required properties
15 specified in various regulations. But with recent
diversification of electronic devices, there appear
current protectors having propertieé different from thoée
specified in the requlations for the fuse. 1In the
present invention, the term "current protector" is used
20 in a wide méaning including cohventional fuses and having
the properties and operational mechanism mentioned above.
As over-currént protecting devices, there can
be used as electronic switches using thyristors or
transistors in addition to the above-mentioned current

25 protectors. But such devices were not always suitable

This Sheet-Has Been Replaced




5 tive circuit. As current protectors having inproved properties,

JP- A- 60- 143544 di sclosed a current protector (or fuse) conprising a ceramc
substrate and formed thereon a three-layered el ectrical conductor
conprising a 10 first layer of silver or si2ver-palladium a second |ayer
of nickel and a third |layer of solder or tin so as to inprove clearing (or
bl owi ng) char afoay devicesawhilch reguise sdindetiung.zatiomansd $o lewscl osed
therein to cover the electrical conductor surface with an inconmbustible (or
15 fire retar dSONFUNEEHON ed@ER TS Povien Sxehr af Portgble,devicas uct ure

wherein the fuse was fo n the ceram c substrate which i.s
t her mlal r esi s?&ﬁ’@é‘at\ﬁgsli’ﬁf Gh%aﬁtﬁéé”t ddﬁesé:lc’péuﬁ dﬁ%sﬁa:'}na é&%ﬁmﬂ%ﬁ%at

| ug for bl f gsd, dependi
?eﬁgéiii‘hré‘é‘ 2 aﬁli%“vr%%s‘é i FOERR LR SRR e s b sibtans, )

resin as dig rEA 60-143544. In order to sol ve the probl em of
usi ng the ceran1c substrate, it was proposed to use organic resin- made
i nsul ati ng substrates. Bals Wig%eat ct¥s" ha¥ritegy RAPIveesi N, a

polyimde resin, etc. were used as The substrate, there were problens in

fum ng and compsoipeditied’)- SPaalEHL4 3%43CIHasRd dserl bS eudirentf Ipivtatdresi n

as the insul ating substrate so as to | ower thernal -3- conductivity
conpared with qerafuselndompriiEingya Heramig aubstaateofandeddmeel The

surface of fuse was also covered with a silicone resin (rubber). On the
ot her hand, théhieosion @ threesflayeredusdectrical conductor comprising a
10 first layer of silver or silver-palladium, a second layer
of nickel and a third layer of solder or tin so as to
improve clearing (or blowing) characteristics at the time
of soldering. It was also disclosed therein to cover the
electrical conductor sufface with an incombustible (or
15 fire retardant) resin such as a silicon resin. But such
a structure wherein the fuse was formed on the ceramic
substrate which is small in thermal resistance, was high
in heat dissipation and had a problem in that a current
value for blowing often changed depending on ambient
20 temperatures, even if covered with the incombustible (or
fire retardant) resin as disclosed by JP-A-60-143544.
In order to solve the problem of using the
ceramic substrate, it was proposed to use organic resin-
made insulating substrates. But when an epoxy resin, a
25 phenol resin, a polyimide resin, etc. were used as the
substrate, there ﬁere problems in fuming and combustion.
JP-A-5-166454 disclosed the use of a fluorine

resin as the insulating substrate so as to lower thermal



5 was fornmed by printing or plating (JP-A-63-141233). But the accuracy for
formng the fusible link was | ow and particularly it was difficult to
control the thickness of the fusible link. Thus, it was difficult to nake
scattering of resistance value of the fusibBe-link 10 between lots within
30% According to JP-A-5-166454, the fusible link was fornmed by form ng a
thin metal | ayerongdugtinity, compaxeddvith cceramic Butita inprove blowings
excellent in clearing (or_blow ng) characteristics, but poor in 15
control | i ng t haqriFasmahitthectuses The csnrkagee dficfuse Wasialsey in

controlling of plating conditions, such as the caonposition of a plating
bath, etc. ThusOY§T s"’o‘?qchiﬁ¥l‘f‘2f‘?rdk%s’crhe(’§‘btg$?%}ing of resistance

| ue bet lots within 30% Further. since the fusjble |ink 2

{or e by etching of pl at@l TiR (P al Bader o COIRARE | 6ol O sthe ohese | ¢
! . ated T i T ! R |

beriod of e ke i i Fnd BERAPhS AESA N4 TR T

ddi ti on, | A Bs e , [cyele test.

e cover ed w R R SIEhPT (ifafend B, (R PHELERRE O AN Carmged

and caused sli grfibiTr1Prit wis 4SOt de dentidlh LIl BdkiESs ade t he
time of bl ow ng dependi ng ‘on over-current 4 conditions. SUMVARY OF THE

| NVENTI ON |t i sk fild sle afidke priasentit e td DRF i cu Pt obid dralelr r ent
protectors excellent in suppressing :
scattering of resistance value of the fusible link
10 between lots within 30%.

According to JP-A-5-166454, the fusible link
was formed by forming a thin metal layer by plating,
followed by etching. Such a fusible link was excellent
in clearing (or blowing) characteristics, but poor in

15 controlling the uniform thickness of plated layer due to
difficulty in controlling of plating conditions such as
the composition of a plating bath, etc. Thus, it was
difficult to make the scattering of resistance value
between lots within 30%. Further, since the fusible link

20 was formed by etching of plated thin metal layer
according to JP-A-5-166454, it was impossible to obtain
sufficient connection reliability for a long period of
time when subjected to an accelerated test of heat cycle
test. In addition, according to JP-A—54166454, since the

25 surface of fusible link was covered with the silicone
rubber, the silicone rubber was often damaged and caused

slight fuming for 1 or 2 seconds due to high temperatures

at the time of blowing depending on over-current



5 fumng and ignition at the time of blow ng while suppressing heat

di ssi pation, and processes for producing the sane.- The present invention
provi des a current protector conprising an organic resin-nmade insulating 10
substrate, a pair of conductive term nal s=féraed on both ends of the

I nsul ating substrate, and an el ectrical conductor for electrically
connecti ng t he cond#iti®@ns. said el ectrical conductor including one or nore
fusible links, formed in or on the insulating substrate and made of a 15
nmetal |ayer having a thickness of 3 to 8 [err]. The present invention also

provi des a current protector having the structure as nentioned above and
characterized iYMMRRY Ofe THE |5ﬁ%IQNnuhwtor Is formed on the insulating

substrate and has three nor e _odd .20 .nu L, of high.resistance portions
Forret by oot oo g e e, GH G dibaate R Sheh R Sy 1 oo

ti : - i ' ' . f th
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hi gh resi stance p el ng-positioned I nt e el%ectrical

conductor amd RundihRy e iYniti®niat) tHiRS SR OF RAIGWN Wil positi oned
symmetrically with regard to the central high resistance portion. 5 The

present invent isippréddisly M dHSssApatilct)l i i ddtsdey ifitr tgyodidiig ur e
as nentioned above in the formof a chip and characterized in that the
el ectrical condhet @ames forned on the insulating 5 substrate and covered
with a fluorine resin |ayer having

The present invention provides a current
protector comprising an organic resin-made insulating

10 substrate, a pair of conductive terminals formed on both

- ends of the insulating substrate, and an electrical

conductor for eléctrically connecting the terminals, said
electrical conductor including one or more fusible links,
formed in or on the insulating substrate and made of a

15 metal layer having a thickness of 3 to 8 um.

The present invention also provides a current
protector having the structure as mentioned above and
characterized in that the electrical conductor is formed
on the insulating substrate and has three or more odd

20 number of high resistance portions formed by narrowing
the width of electrical conductor, and low resistance
portions connecting the high resistance portions,
respectively, one of the high resistance portions being
positioned in the center of the electrical conductor and

25 the rest of the high resistance portions being positioned

symmetrically with regard to the central high resistance

portion.



a thickness of 40 to 200 [err] and processes for producing the sane. The
present invention still further provides a current protector having the
structure as nentioned above 10 in the formof a chip and characterized in
that the electrical conductor is formed i+h g he insulating substrate and
sandwi ched by a pair of light-shielding netal foils, and processes for
produci ng the sane. The Ehesetesentetihventdbao fprahedepravideseat 15
protector having the structuré as nentioned above in the formof a chip and
characteri zed furrhat pretecsolrahangngubber steucturedesfi memtioniedorboye
resin, and when the electrical conductor is formed on the insulating
substrate, it iB ébﬁef@@mwpﬁhaachﬂﬂoﬁpﬁeChé§ﬁﬁte§hée§0lonBé§s§§§ for
produci ng the s e press i nventi_on fgrther prqvi des . a current
pr ot ect or haV|ﬁ$eFF§l§P}uEPG ucLordfi £OREEd, 08y &hen 1pFY Rof a chip and
characteriz ant space._ . d between t f
conduct or ﬁd Fﬁésg aF%s IS?XF S ageght%e%ggﬁrl?ﬁe%SFég %%y%%Ve
still further pgr CUE 40t £B' c [
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menti oned above in rnto a chip ara erlze
el ectrical congﬂgtg mkS forned in the |nsuIat|ng substrate and a vacant
space is forne east a portion around the electrical conductor to be

bl owed, and processes foiphar pasen® iR¢eh2ibn Btill further!peoRigesnta
i nvention al so provides a current
current protector having the structure as mentioned above
10 in the form of a chip and characterized in that the
electricai conductor is formed in the insulating
substrate and sandwiched by a pair of light-shielding
metal foils, and processes for producing the same.

The present invention also provides a current

15 protector having the structure as mentioned above in the
form of a chip and characterized in that the insulating
substrate is made from a fluorine resin, and when the
electrical conductor is formed on the insulating
substrate, it is covered with a fluorine resin, and

20 processes for producing the same.

The present invention further provides a
current protector having the structure as mentioned above
in the form of a chip and characterized in that a vacant
space is formed between the electrical conductor and the

25 resin layer placed thereon.

The present invention still further provides a

current protector having the structure as mentioned above

in the form of a chip and characterized in that the



protector having the structure as nentioned above in the formof a chip and
characterized in that the electrical conductor has a space or a

non- adhesi on portion with regard to the underlying insulating substrate,
and 10 processes for producing the sanme. BR§EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1is atop plan view of the electric conductor of the present

i nvention havi egeditifisradntcaonelictorndes \fxixmesl dapaiid dgsalatiangy dth of the
15 conductor. Fig. 2 is a graph showing a tenperature distribution at the
time of operat ﬁvgwt'qr@t@ and i vasiantcsnaden ig cfé’rrﬂ!%‘l é&pllﬁﬂﬂ e RaxteqN
of the current protectqor of the present jnvention. Figs. 3A

to 3H are cros®xBid Hw siesiri@alyconsiugtonyto zhﬁj bj‘l‘bw%d apgd op pl an

view (Fig. 3G for explainin ste for roduci ng the current protector
of Example 1 offHIFE %ﬂ35ﬁi X to 4H are cross-sectiona

vi ews (Fi gst5h25 4A to 4F ﬁrédéaézl(;e? chct:I ﬁu}e‘?&zﬂ argilvgQt 351{031 %( Juoﬁrrerét of

expl ai ni ng e steps for pro he current pro

the present i n%&sgéyéogs hazr'&. ﬁzgéééﬁ%ﬂ & d YRt idh

i art
current protec are cross sectlona Vi ews (F| gs %{A

6F, and 61) anddxaP oF an o S i dfarReHIGRHLD el S ANk 1da ot eps.

for produci ng one exanple of chip-type current protector of the present
i nvention. conductor has a space or a non-adhesion portion with

regard to the underlying insulating substrate, and

10 processes for producing the same.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a top plan view of the electric
conductor of the present invention having different
resistance values depending on the width of the

15 conductor.

Fig. 2 is a graph showing a temperature
distribution at the time of operating the electric
conductor in order to explain the function 6f the current
protector of the present invention.

20 Figs. 3A to 3H are cross-sectional views (Figs.
3A to 3F, and 3H) and a top plan view (Fig. 3G) for
explaining the steps for producing the current protector
of Example 1 of the present invention.

Figs. 4A to 4H are cross-sectional views (Figs.

25 4A to 4F and 4Hj and a top plén view (Fig. 4G) for
explaining the steps for producing the current protector

of Example 2 of the present invention.



Figs. 7TAto 7H are cross-sectional views (Figs. 7Ato 7F, and 7H) and a top
plan view (Fig. 7G for explaining the steps for produci ng another exanple
of 10 chip-type current protector of the present invention. Fig. 8 is a
perspective view of one exanple of chip-type €urrent pretector of the
present invention. Fig. 9 is a perspective view of the chip-type current
protector of Fig. 8 afteFigsvobidndgoa 5€uefrec &ors pdane vileys ©ff pPrigreartr gs.
10A to 10l are cross-sectional views (Figs. 10A, 10C to 10H) and top plan
views (Figs. 16BraRat]@rrtesitaxspsl ai ning the steps for produci ng one
exanpl e of chip-type current protectaqr of the present .inventi.on.

20
Fig. 11 is a perspective %8 & &% 6dx A% £roEs5e vietse difdias -
d d by th h i.n Fi . J0A 101,. Fi . 12A 1
b 0ss- sect] onabA tEhSTIrRRS SIACHY £5B PIAE PHewEo (HIGF ol ANEhEH) an
[ 25 (Fi g. | Qi f . ' f
thib-type oot SRE SrBRaiiled End) erabel (B8 pradiifly Spldd bpAUTSL 01
perspective vi ey§0fyne Sustamt o&%d%@&pbkyE%epg&%%%htpENU@HHEB%JOf the

present invention.” Frgs. 14A to I4J are cross-sectional views (Figs. 14A to
14D and 14F to 14J) and #ilgeR Mrakoi78Watre( brdsslbektionaQXRizdvd NFilde

steps for producing an exanple of chip-type current protector of the
present 7A to 7F, and 7H) and a top plan view (Fig. 7G) for
explaining the steps for producing another example of
10 chip-type current protector of the present invention.
Fig. 8 is a perspective view of one example of
chip-type current protector of the present invention.
Fig. 9 is a perspective view of the chip-type
current protector of Fig. 8 after removing a surface
15 covering resin layer.
Figs. 10A to 10I are cross-sectional views
(Figs. 10A, 10C to 10H) and top plan views (Figs. 10B and
101) for explaining the steps for producing one example
of chip-type current protector of the present invention.
20 Fig. 11 is a perspective view of one example of
the current protector produced by the steps shown in
Figs. 10A to 10I.
Figs. 12A to 12I are cross-sectional views
(Figs. 12A to 12D, and 12F to 12H) and a top plan view
25 (Fig. 11E) for explaining the steps for producing an
example of chip-type current protector of the present
invention;

Figs. 13A to 13C are perspective views of



i nvention. Fig. 15 is a perspective view showi ng an exanple of chip-type
current protector produced by the 10 steps shown in Figs. 14A to 14J. Fig.
16 is a perspective view show ng anot her exanple of chip-type current
protector of the present invention. Figs.-1®&Ato 171 are cross-sectional
views 15 (Figs. 17A and 17C to 171) and a top plan view (Fig. 17B) for
expl ai ni ng theegampéesopfppbd@ctw@eanu@xeﬁﬁl@r@tesmpgStpﬁet%@rp@ﬁﬁent
protector of the present invention. Figs. 18A to 18G are cross-sectional
views (Figs. 18RVERELPBE to 18G) and a top plan view (Fig. 18B) 20 for

expl aining the steps for _producging anqgther exanple of chip-type current
protector of the present Fl@Penti?on toril§d argacrospgpegido &€& i onal

07 T TR T LA i, 0P 0 Rl BT
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20B) 9 for exahanBi B¢ thSpskspe Eﬁ&r@h&d¥&bQ&c%Br86&”Eh% ds@ecurrent
protector of the present invention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS Then¢enteph.protector of the present invention 5 conprises an
organi c resin-made insulating substrate, a pair of conductive termnals
formed on both ends of tF&g. 15 is a perspective view showing an

example of chip-type current protector produced by the
10 steps showﬁ in Figs. 14A to 14J.

Fig. 16 is a perspective view showing another
example of chip-type current protector of the present
invention.

FPigs. 17A to 171 are cross-sectional views

15 (Figs. 17A and 17C to 17I) and a top plan view (Fig. 17B)
for explaining the steps for producing an example of
chip-type current protector of the present invention.

Figs. 18A to 18G are cross-sectional views
(Figs. 18A 'and 18C to 18G) and a top plan view (Fig. 18B)

20 fér explaining the steps for producing another example of
chip-type current protector of the present invention.

Figs. 19A to 19J are cross-sectional views
(Figs. 19A to 19D, and 19F to 19J) and a top plan view
(Fig. 19E) for explaining the steps for producing a

25 further example of chip-type current protector of the
present invention;

Figs. 20A to 20F are cross-sectional views

(Figs. 20A and 20C to 20F) and a top plan view (Fig. 20B)



I nsul ating substrate, and an el ectrical conductor for electrically
connecting the termnals, said electrical conductor including one or nore
fusible links, formed in 10 or on the insulating substrate and nade of a
metal |ayer having a thickness of 3 to 8 $e9rd, provided that when the
el'ectrical conductor is forned in the insulating substrate, the electrical
conductor is cdwar @xpliaiming ddhien dtepsr fops producing anaexample qfhithe
resin-made insulating substrate, there can be used a material conprising an
organi ¢ resin SwFrenemheater af dheypregsenthdnyieiddian + esin, there can
be used a fluorine resin, a phenol resin, an epoxy resin, a polyimde
resin, etc. As the reinforcing 20 material, there can be used gl ass cl oth,

ol e5s paper . POARRAS Ao dh A AR il oL MO E MY
Sorretires, the reinforcl gg il Shicle (ARG IAL IS Dl SYAID

substrate in half, or 257 n various forns a var i ous “proportions.

of f1uorl ne of exlchglfl el e YHRAINI U IRl ihAla Gy Adpsdiiaileey ab!

since the fluorin n per sei1s difficult to burn and 'hardly

gener at es snOKa iEX I IchdRictifRe fHdiinda d Torhed drPYotieldrits of the
fl uoroet hyl ene, tetrafl uoroethyl ene-hexafl uor opropyl ene copol yners, :

tetrafl uoroet hinsQ=aiiy eubstadle, il an electrical conductor for
tetrafl uoroet hyl ene-perfl uoroal koxyet hyl ene copol yners, fluorine resins
modi fied with efllestmicgddiyc cogiant,ing iiitehderstiinad sui Isaild qliettparcs#tY i n)
ete. Fromthe conductor including one or more fusible links, formed in

10 or on the insulating substrate and made of a metal layer
having a thickness of 3 to 8 um, provided that when the
electrical conductor is formed in the insulating
substrate, the electrical conductor is covered with a

- resin layer.

15 As the organic resin-made insulating substrate,
there can be used a material comprising an organic resin
and a reinfbrcing material. As the organic resin, there
can be used a fluorine resin, a phenol resin, an epoxy
resin, a polyimide resin, etc. As the reinforcing

20 material, there can be used glass cloth, glass paper,
polyamide cloth, polyamide paper, etc. The reinforcing
material is not always included in the insulating
substrate uniformly. Sometimes, the reinforcing material
can be included in the insulating substrate in half, or

25 in various forms and various proportions.

The use of fluorine resin in the insulating

substrate is particularly preferable, since the fluorine



vi ewpoi nt of cost, the use of polytetrafluoroethylene is preferable.

Consi dering | ow nol ding tenperatures, the 10 use of

tetrafl uoroet hyl ene- perfl uoroal koxyet hyl ene copol yners,

tetrafl uoroet hyl ene-et hyl ene copol yners i-s jifxef erable. The electrica
conductor includes one or nore fusible links and electrically connects a
pai r of 15 ter mesins pethed His ldistHiaflt o dwot ransh haxndidngenerates to 8
[err]. Wien the thickness is less than 3 [err] it is difficult to maintain
the thickness &fakercy Bxamnles ghdhe ihering repint 25e PHE R . On

t he ot her hand,_ when the thickness is nore than 8 [e%% it is 20 difficult

to formthe el dXI9%OAEREHRNRA dretHaidnananthhens-haxA i IRKORKRRY LGNS ent
conditions. The width of the elegatrical, .canductar, i referably 70 [err] or
ess. | The ol ecGIHSHTMRRRN AT LGOSy SIS Tee, SREGAIH + uch ac
an ultra-thi o] t1a- ' ner i 'gg o1y
al um num a ggec %%cfolﬁlgdéd‘?%l;gﬁ-%%@t%%&c% 5‘ reﬁﬂa}g‘leérrﬁec ca#g% rrposs'i te
metal foil (€. gy YR 'é'%é“ﬁ} i Fid AP S e (L fder)/ nickel
al oy (stopper)/copper (()‘u%tlra-_t c?irf' cloppe"{j) ta-llsc! ose !cn U.SJT Pat ent No.
5,403, 672). Conggifindld Wit iiact ( Kiqdite gareserin ) raten! | From Rénegiccur acy
of thickness of the netal foil is very inportant. fn order to suppress the
scattering of SicAgdcimneE Wwidts, athd el tpo pAle o llicd ety Yene 1694 it
IS necessary to maintain the accuracy of thickness of netal foil within
about [err]. | pmftarable .sufloresisddating daw erolding tdmpexsstiwtescechal ue
wWthin 12% it is

10 use of tetrafluorocethylene-perfluoroalkoxyethylene

copolyﬁers, tetrafluoroethylene-ethylene copolymers is
preferable.
The electrical conductor includes one or more
fusible linké and electrically connects a pair of
15 terminals. The thickness of the electrical conductor is
3 to 8 ym. When the thickness is less than 3 um, it is
difficult to maintain thé thickness accuracy and the
generation of pin holes is inevitable. On the other |
hand, when the thickness is more than 8 um, it is
20 difficult to form the electrical conductor which blows
precisely under over-current conditions. The width of
the electrical conductor is preferably 70 um or less.
The electrical conductor can be formed by using
a metal foil such as an ultra-thin copper foil, an ultra-
25 thin copper foil carried on aluminum, a second copper
layer (ultra-thin copper layer) of a composite metal foil
(e.g. a composite metal foil comprising copper (carfier)/

nickel alloy (stopper)/copper (ultra-thin copper)



necessary to nmake the thickness accuracy of netal foil 10 about [err]. The
ultra-thin copper foil and conposite netal foils can be produced by an
el ectrolytic process, a rolling process, and the |ike. The accuracy of the
t hi ckness is acceptable even for those awailhbte 15 comercially. According
to the results of weight nmeasuring (in the case of a conposite netal foil,
the ultra-thin dtppbesedyin BebngPatent| Ned Snd03eB%2)ed), the scattering
is about [err] in the sange lot with regard to the_average val ue. Although
the required thickness 20CeReifaEingntheeePdeptnaf nEhenPTRECRE| owabil ity of
scattering of resistapce value, the thic%ness ﬁﬁcurac g% net al

f

uab |
O ernbl'y o hERveRETon, 1ohe ChrerEnts) O EREsRncEr 5% Phe FrEal BoLl 1s
lts. Th | tri | duct b d t he, 25 f h
nsul ating substPhY ciBPORERIhe *In 8RagE, 18! %FéPPﬁé'ﬁ?aﬁﬁgS§jﬁ%{;§$§P_§.° " the
case of for NG LDecELRCLT bgThe COPCHAL L1 001 EDER PUELARECRG:! EEHEHI PEs,
t e el e - - uctor " can

substrat e, e resin |ayer coverilng ctrical con

be formed by copiipg pbcdsis “tSrmﬁiﬁééiﬁgtHél8c&€§£8yfbfnthiekﬁagscéfe of

including the electrical conductor in the insulating substrate, the resin

layer of the inpetali PEiBUREthEhCabbhe £8€lN TAYEFdELr £bOBupprEskNEHbat i ng
substrate positioned between the surface and the el ectrical conductor)

corresponds to séettesingl af ethserésdstancs vatuabwithiasE2%]het is
el ectroconductive term nals positioned on

necessary to make the thickness accuracy of metal foil

10 about 13%. _

The ultra-thin copper foil and composite metal

foils can be produced by an electrolytic process, a
rolling process, and the iike. The accuracy of the
thickness is acceptable even for those available

15 commercially. According to the results of weight
measuring (in the case of a composite metal foil, the
ultra-thin copper layer being dissolved and measured),
the scattering is about 1% in the same lot with regard
to the average value. Although the required thicknesé

20 accuracy changes depending on the allowability of
scattering of resistance value, the thickness accuracy of
metal foil is preferably within 15%, more preferably
within 3%, from the above results.

The electrical conductor.can be formed on the

25 surface of the insulating substrate or can be included in
the insulating substrate. In the case of forming the
electrical conductor on the surface of insulating

substrate, the resin layer covering the electrical



the sane |level as the electrical conductor are better 10 when thick from
the viewpoi nt of prevention of blow ng by thermal stress. But fromthe

vi ewpoi nt of material cost and noldability, it is better that the termnals
are not too thick. Preferable thickness isigbeut 10 to 50 [err]. Wen the

t hi ckness of termnal is less than 10 [err]. there 15 is a tendency to

| ower mechani c@ionsiucdogt lcanaibe tforsesi by lnoadd nghefhandiesinaton paressimdar v
of the term nal portion and the term nal connecting portion under repeated
i nfl uence of t@fpér degia Fidiges InOtheheagenef ﬁa&ipdﬂmghtmﬁeemHQ§ﬁi9§d i s
over 50 [err], properties are not 2Q changed while the produyction cost

i ncreases. The COMERCERT, ddy thve, dnsPAtings substFatesr ¢ Fpsimadiayeraef
copper 7ot 2t ShodBao it Ay et et (HB6F T i dyiers PO Sper foi | |
copper of | aotonpEutesing, SBALER Y podk iR Bt dhe Fartotd
Stoppor | ayer, thet WiRuidel EARRGetoc RrT RN T Ml Fosdi iSGA

ultra-thin coppehtienedoin +he &RV k@ageet hod. The current protector of
the present invention can be nodified variously to provide various

additional 5 effects as mpet ieQeed rodonducdtiivis tteradnbleatpozilt ibhed W ent
protector having the structure as nentioned above can be nodified in that
the el ectrical the same level as the electrical conductor are better
10 when thick from the viewpoint of prevention of blowing by
thermal stress. But from the viewpoint of material cost
and moldability, it is better that the terminals are not
too thick. Preferable thickness is about 10 to 50 um.
When the thickness of terﬁinal is less than 10 um, there
15 is a tendency to lower mechanical strength, and to easily
break the bonding at the boundary of the terminal portion
and the terminal connecting portion under repeated
influence of temperature changes. On the other hand,
when the thickness is over 50 um, properties are not
20 changed while the prdduction cost increases. -

The electroconductive terminals can be formed
by plating and etching, e.g. (i) conducting plating on
necessary portions of an ultra-thin-copper foil, followed
by etching of the rest of the ultra-thin copper foil to

25 form an electrical conductor, (ii) retainingla part of a
carrier copper of a composite metal foil [ copper
(c&rrief)/nickel alloy (stopper)/copper (ultra-thin

copper)] by etching, peeling the exposed stopper layer,



conductor is fornmed on the insulating substrate and has 10 three or nore
odd nunber of high resistance portions fornmed by narrow ng the w dth of

el ectrical conductor, and |ow resistance portions connecting the high

resi stance portions, respectively, one of tBe-high resistance portions
bei ng positioned in the center of the 15 electrical conductor and the rest
of the high reandt incmipgr anordektirigaposondogtdrspmihei vditirp-kihin r egar d
to the central high resistance portion. By nodi fying as nentioned above,
consumed el ect EPPPpEWPPTrEAnNheandwthed1ike peshedri on of the 20 current.
protector can be inproved. Prior art current protectors have patterns of

el ectrical conductors asT8RoRHYTRNE| B¥OLSELEy SF theePresEBLn LENSRTIPR Fi g.

5A i | | d t, hayi tion.th N, whi d
25 not bl ow neSPRabRaRERLEFRORATARESLY GPeRFORGAP NRCLPHR: PORIBTETSL

Instantly blLo ver-current e rapid tenperature rise adiabaticly
only in thegnggfgéF%s §sl%epgﬁgpg§oﬁgg?ﬁé patterns shown in Figs. 5B and 5C

are used for low rated current and have a | ong conductor with a uniform
width so as to have a | arge resistance value and 5 a | arge heat rel ease

val ue, resultipg;rBtPoWiR9caEEBn Y a low current. In order to reduce
consuned el ectric power in the protective circuit, a current protector
consum ng a smal | armount The eueebhitC ppotectbas haviaggithebetucture as
mentioned above can be modified in that the electrical
conductor is formed on the insulating substrate and has
10 three or more odd number of high resistance portions
formed by narrowing the width of electrical conductor,
and low resistance portions connecting the high
resistance portions, respectively, one of the high
resistance portions being positioned in the center of the
15 electrical conductor and the rest of the high resistance
portions being positioned syﬁmetrically with regard to
the central high resistance portion.
By modifying as mentioned above, consumed
electric power can be lowered and protection of the
20 current protector can be improved.
Prior art current protectors have patterns of
electrical conductors as shown in Figs. 5A to 5C.
The pattern shown in Fig. 5A is a generally
used pattern having a narrow portion therein, which does
25 not blow near a rated current due to great heat
dissipation but instantly blows by over-current due to

rapid temperature rise adiabaticly only in the narrow



10 demanded. According to the pattern shown in Fig. 5A since the rel eased
heat fromthe narrow portion is great, it is inpossible to use such a
pattern for low rated current type which has a small heat generation. On
the other hand, the patterns shown in Fi gs145B and 5C consune 15 a | arge

el ectric power due to large resistance value. Further, according to the
patterns of Fi @°r@E@mand 5C, since the pattern as a whole is heated

remar kabl e snoki ng takeséﬁégﬁs when the patterns are forned on a resin-nmade

substrate such as gl ass alierns shoydns Fias-o58 and 3G iakp jused
destroying not only the curyent prqtector per se but also the printed
circuit board Adtndiot TARE SRRt ARE e e oGRS 1 Hidth & n
shown in Fig. f e_present inventi u ohl &NE. A

In the present Jnlnﬁ'vfg% (‘)"ﬁ'&t e%_ocean ﬁ% }%Q’&%r glg\llgea?(?e potr cf?lwfﬁg%era%aﬁ?y
has a resistgange ' RAE v 43%: e HithAlndg &8 e
val ues of ttr?g %igl\héajrgleégiﬂgazftn?;elport | 3%51@ txfészl*@'éilq{&éh%a conélt?(’:tore%{pat ern
can be fornmed Ry 1kflivideit.a netal foil or plating of a nmetal. As the
material for the electrical conductor, the use of copper is preferable
econom cally. 5 In lorderg tol rddifcd Wihisiimed AR A parsiticin ve
termnal, and the current protector 1 conprises a conductor pattern 3
fornmed on an ortheniprotesitivencd rowdidd ata rpradnt pictettarheatsamea g & he

el ectrical conductor being forned by narrowing the width of a linear
small amount of electric power has strongly been

10 . demanded. According to the pattern shown in Fig. 5A,
sincé the released heat from the narrow portion is great,
it is impossible to use such a pattern for low rated
current type which has a small heat generation. On the
other hand, the patterns shown in Figs. 5B and 5C consume

15 a large electric power due to large resistance value.
Further, according to the patterns of Figs. 5B and 5C,
since the pattern as a whole is heated, remarkable
smoking takes place when the patterns are formed on a
resin-made substrate such as glass cloth-epoxy resin

20 substrate, resulting in destroying not only the current
protector per se but also the printed circuit board
mounting the current protector.

According to the pattern shown in Fig. 1 of the
present invention, such problems are solved.

25 _ In the present invention, the central high
resistance portidn preferably has a resistance value in
the range of 20 to 40% of the total resistance values of

the high resistance portions.



10 conductor partly so as to give three or nore odd nunber of high

resi stance portions 3-a and | ow resistance portions 3-b placed between the
hi gh resi stance portions. One of the high resistance portions 3-a is
positioned in the center of the pattern 3 ldnd other high resistance 15
portions are positioned symmetrically with regard to the central high

resi stance portion (3-a) cg/uﬁpa?f teqndif oy patters | Gam ke Eoymed

resi stance portions, 3-a can be used so | ong as, be%ggéﬁositioned

symretrically \)ﬁ"(‘ﬁ"%é? & et daitd AT FIAEInG| &ttt i e B

The thickness of_.the conductqr pattern is 3 to. 8 [err] .,the width of the
conductor at t ﬁ'éatfﬁrdf?%r cfrsttghebeea]peo‘feﬁl&?s]r & de‘*%‘l[‘qﬁn’l )Fh:ﬁ) by fbp[%?ggexénd
the |l ength of | | St i is preferably 100 to 300 [err].
As to the | ow ?‘érlgiés}{%r%%aqgloértlon 386{]{% width is 25 preferably 150 to 200

[err], and tde length of QEdPW ¥ eSird RO (3 Uit G (ot ] - |t
Is preferable to nmake the resi'stance val ue of the central high resistance

portion [err] Zern@irl% Qind Rthd AhitrdiftSitciseom Vasomprisd® a of the
hi gh resistance portions 3-a. Wien the resistance value is snmaller than the

above- nent i onedtdrahgsorx | Eertiah Qirfanied anprms drggeic tiesin-mdweci fi éd
val ue and cannot protect the circuit. Wen the resistance value 5 becones
too | arge, cl eadamswlathime rdulisdomties Sndilershidpan afheclspaxidetaciaal ue and
cannot supply electric power to the circuit, or the elenent acts as a
resi stor, not @pndughaorheingtfymed benantowing thenwidil ehrvrikinear
operating the circuit for a power supply. .

10 conductor partly so as to give three or more odd number
of high resistance portions 3-a and low resistance
portions 3-b placed between the high resistance portions.
One of the high resistance portions 3-a is positioned in
the center of the pattern 3, and other high resistance

15 portions are positibned symmetrically with regard to the
central high resistance portion (3-a),. Apart from
Fig. 1, a plurality of high resistance portions 3-a can
be used so long as being positioned symmetrically with
regard to the central high resistance portion.

20 The thickness of the conductor pattern is 3 to
8 um, the width of the conductor at the high resistance
portion is preferably 30 to 70 um, and the length of one
high resistance portion is preferably 100 to 300 um. As
to the low resistance portion 3-b, the width is

25 preferably 150 to 200 um, and.the length of one low
resistance portion is 200 to 400 um. It is preferable to

make the resistance value of the central high resistance

portion (3-a)c 20 to 40% of the total resistance values



10 The current protector 1 can preferably be covered with an

I nconbustible resin. By formng the conductor pattern as shown in Fig. 1,
the tenperature of the central high resistance portion (3-a)c at the tine
of passing an electric current 15 becones tltée -hi ghest as shown in Fig. 2.
Thus, when an over-current passes, blow ng (or clearing) takes place
without fail atoft rtéle:dntglalrea:@ta«m partdonmritaon (Whep cheuresistangen
t he resistance value of h 20 re5|stance portions, 3-a other than central
portion is nad&ad Ueﬁmﬁs t kemitham the ahavanmentgipnediangfe ‘iﬂtﬁ%’?’é}g

(3-a)c, the central h resistance portion_ (3-a)c e | ows eto
smal | er heat dl‘"é’sxl”i%ﬁq %?cq‘??%&rﬂ‘?%’s‘tp Rt Fhe & eé‘sﬁ%t%dn e Cgf hi gh
resi stance 25 prﬁoa:%}l %S@Pdﬁo‘\'? t q't‘i’a%t h.an % nt rq*l_foorécﬂeor#]l gl&t 4%1# han
that of the ce ‘on ) t cen a

resi stance | fi

di ssi pati onpaoTﬁiuegﬂm%:g Yo fa#é tagdgrﬁ % &Iy-b% é}i&{ ar act eri stti'}::s can
be controlled Rpe hﬁi&ﬂﬁé&‘%&ﬁ% %xﬁi‘fc?‘arﬁﬁiﬂles@ 1 E1dashid PP oEd | Ons

3-a other than the cCentral portion positioned synnetrlcally with regard to

the central hi ghhd QSishARCE dr RHE ilereht)dotd S GaBiBidraticn]ashe
current protector having the structure as nention above can be nodified in

that in the foroumferst grqtdotor curesaritt ingtiar tsonge timese|amormel 1y onduct or
' operating the circuit for a power supply.

10 The current protector 1 can preferably be

covered with an incombustible resin.
By forming the conductor pattern as shown in

Fig. 1, the temperature of the central high resistance
portion (3—a)c at the time of passing an electric current

15 becomes the highest as shown in Fig. 2. Thus, when an
over-current passes, blowing (or clearing) takes place
without fail at the central high.resistance portion
(3-a),-

Further, when the resistance value of high

20 fesistance portions 3-a other than central portion is
made higher than that of the central high resistance
portion (3-a)c, the central high resistance portion
(3-a), easily blows due to smaller heat dissipation. 1In
contrast, when the resistance value of high resistance

25 portions 3-a other than central portion is made lower
than that of the centfal high resistance portion (3-a).,
the central high resistance portion (3-a), is difficult

to blow due to greater heat dissipation. Thus, the



10 formed on the insulating substrate and covered with a fluorine resin

| ayer having a thickness of preferably 40 to 200 [err]. By nodifying as
nmenti oned above, the resulting current protector is further inproved in the
accuracy for 15 form ng the electrical cend¥ctor (thickness and w dth of

t he conductor). As the fluorine resin, there can be used those used for
form ng the i nsalledrimyg Swhs thlamwd ng)hetharas ttericitiess asn thee dantardliled esi n
is less than 40 [err], the 20 protection of the electrical conductor
becomes i nsuf f by @hamginghithe wesistenaehivadne of higy cesigtaao®e pm it is
I neconom cal .. The above-nenti gned current protector can be produced by the

fol | owi ng Pr oc ®S¥E4 oS, }tap othen mhage dhencepiaad, Rddon RaFitianed he
steps of: a. drill.ing.holes._for conpecti termnalg.inan . - 18 -
organi c resin- FEFRSHLS %Yné’%ﬁqgefrré{]dﬁ? 58}%1 “ﬁ"?é‘?a“oi"ﬂq} APHAYRR IR | s
are clad, o f 1h tal_foils having a thickness of 3 to 8 [err]. b.
formng a pI%St %r?d:ltrlg’snl t:’a(? gortions of the 5 insulating substrate other

than portions for formng termnals, c. pl ating inside of the holes for
connecting termnals and the portions for formng termnals to a necessary

thickness, 10 [secbnd mod%iﬂddﬁldﬂye pl ati ng resist,

The current protector having the structure as
-mention above can be modified in that in the form of a
chip-type current protector, the electrical conductor is

10 formed on the insulating substrate and covered with a
fluorine resin layer having a thickness of preferably 40
to 200 pm.

By modifying as mehtioned above, the resulting
current protector is further improved in the accuracy for

15 forming the electrical conductor (thickness and width of
the conductor).

As the fluorine fesin, there can be used those
used for forming the insulating substrate. When the
thickness of the fluorine resin is less than 40 um, the

20 protection of the electrical conductor becomes insuffi-
cient, while when the thickness is more than 200 pm, it
is .ineconomical.

The above-mentioned current protector can be
prodﬁced by the following Processes A and B.

25 (Process A)
The Process A comprises the steps of:

a. drilling holes for connecting terminals in an



e. formng an etching resist, f. formng in parallel a plurality of
rows of .a series of electrical conductors interposing term nals

t herebetween alternately on one side of the insulating 15 substrate by
etching the netal foil having the thicknesd®&f-3 to 8 [err], g.

covering at |east the surfaces of -the electrical conductors with a fluorine
resin in 40 to @A rfesin-oadssinsukht2ing subbstrate cn thokh tsidemfr of
the holes for connecting termnals so as to give a nunber of current

prot ector chi pdhigitmetnb faidheremikadd ane ohithe eetabielhdwaving
I nterconnected by the electrjcal copductor (i.e. a fusible link). 25
(Process B) Thé& ﬁ@é??? (ﬂ)‘)ﬂp} i"s%sé]t%° steps of: a. drilling holes for

connecting termnagls in organi c resin-made Jnsul atjing substrate on both
si des of "' 10 Prani ch oY o ik g ks ,lsan‘t e c%1gtoln°erpsof‘;‘tah‘ghenret al
foils conprigsi f.] cﬁ%?{ ﬁgw LefdIfs ﬁ%ﬁ 0O ferr],
an intermediSZt er}'q}sg]yledr{lognl C eralotfé/ﬁclf% e %Igf%% ng Zﬂﬁ]i C ne%égsof 1

[err] or |eSS,ﬁgyhfhéf§Pnd 5 copper layer having a thickness of 3 to 8
[err], and said second copper 1ayer contacting with the insulating

substrate, b. @) ati ngplawinte wfside 0Pl ke lawFeetddmdetimgal s to a
necessary thickness, 10 c. renovi ng special portions of a plated
| ayer and terminals and the portions for forming terminals to a

necessary thickness,

10 d. peeling the plating resist,
| e. forming an etching resist,
£. forming in parallel a plurality of rows of a

series of electrical conductors interposing terminals
therebetween alternately on one side of the insulating

15 substrate by etching the metal foil having the thickness
of 3 to 8 um,

g. covering at least the surfaces of the
electrical conductors with a fluorine resin in 40 to 200
um thickness, and

20 h. cutting the center of the holes for connecting
terminals so as to give a number of current protector
chips, each chip having conductive terminals at both ends
interconnected by the electrical conductor (i.e. a
fusible link). u

25 (Process B)

The Process B comprises the steps of:
a. drilling holes for connecting terminals in an

organic resin-made insulating substrate on both sides of



the first copper |ayer, d. renoving the internediate | ayer to expose

t he second copper |ayer, e. formng in parallel a plurality of rows of
a 15 series of electrical conductors interposing termnals therebetween
alterately one side of the insulating substiate by etching the second
copper |ayer by etching, f. covering at |east the surfaces of the

el ectrical conddtich smekah foilsi@recladi mt nled@st cHPL0the gretal and g
cutting the center_ of the holes for connecting termnals so as to give a -
number of curr efRils reRRisiNg ;5 fiwRh COPRERAAYRE dAART | ¥ thiCReRs s at

both ends interconnected by the electrical, conductor. 25 | . The
resul ting curré?f H #RAGHR N g Jr?F??ba.‘Y%"f %Zhe?’e‘iﬂffahﬁf'ér%c}ﬁl
denotes the ins ting substrate, .nuner al denot a_ term nal nd
nunmeral 28 dendte¥ [}fga‘F“e%q il cF];ness -°f2316-m\3i%’.:e‘§e§%' & r%r%p%%%mi% Vi ew
of the current t [ f Fig. 18 r [ rest r 28.
In Fig. 9, %m&ﬁ% i;a[e‘ﬁ%{erga‘glnnilagc??lf%é?g%%n uc ot%g(él ngl." f%’g@b%%i’(?i nk) .
5 TEedddtPrddifod £ dyd AYEn C0 iy LR LOALIDGLn@T I NEiNg OF
air spraying a suspensal" or s%kf uti onno tJ%f‘?iuori ne resin accr(l)?di ng to
conventional mdJtsratd, i S al so possible to press a fluorine resin film
with heating. 10 By covering the surface of electrical conductor
b. plating inside of the holes for connecting

terminals to a necessary thickness,
10 c. removing special portions of a plated layer énd
the first copper layer,
d. femoving the intermediate layer to expose the
second copper layer,
e. forming in parallel a plurality of rows of a
15 series of electrical conductors interposing terminals
therebetween alterately one side of the insulating
substrate by etching the second copper layer by etching,
f. covering at least the surfaces of the
electrical conductors with a fluorine resin in 40 to 200
20 pm, and
g. cutting the center of the holes for connecting
terminals so as to'give a number of current protector
chips, each chip having conductivé terminals at both ends
interconnected by the electrical conductor.
25 The resulting current protector chip is shown
in Fig. 8, wherein numeral 22 denotes the insulating
substrate, numeral 26 denotes a terminal, and numeral 28

denotes the resin layer.



(i.e. fusible Iink) with the fluorine resin, ignition and snoking of the
current protector can be prevented nore effectively. That is, the fluorine
resin is remarkably inconbustible and does not ignite nor burn in the air.
15 Reason for this seens to be derived fr0mRQ ke chem cal structure of the
fluorine resin per se. Since bonding between fluorine and carbon in the
mol ecul e i's strong, the @irbord iis arplnspedtiventwicey rafinthe eurrent e
singly. Thus, the generation of snoke seens to be suppressed. On 20 the

ot her hand, a @Rxategtan @Wimef &igr & afdmranying hhsh Te5ierkaYses to

generate a col qrl ess transparent gas Jingluding fluorine atons by

vapori zati on. F&rce The& tat’ 'ome‘%ﬁ?rlr 2t ipqtes é‘}{br?r}aﬁﬁafyr’fcr
surroundi ngs, nore, dgmage, ,of t fluorine.resin seens to be prevented. 25
When a resin ofﬁ@ﬁ“ﬁ%ﬂ#%Qﬁﬂﬁﬁtgi '?1%¥?hkbd in the organic resin-nmade

o0 SO SV GRS e TR By

tenperature "at the bl ow ng of e “copper con

| 2L - resul i ng,ddt AEnSralinth R dAld: UPMLA £ Bidbdmiich lopg ti e, for

exanpl e, several seconds. us,” such a current protector is insufficient in

function. In ceynasion Wi & fldEImd rdeiti laddo itb tdehverstidrial 5
I ng substrate, such a problemis solved. On the other hand, the current

protector is usietiHodsoveartedsvdlsm pess iblertgmiess ieDfluorine moasin
met hod, there has been used a silicone resin (rubber), which is

i nsuf ficient fdilswppirdsdieatisgki ng and ignition. In the present 10

I nvention, snoking and generation of spark in the air can

10 By covering the surface of electrical conductor
(i.e. fusible link) with the fluorine resin, ignition and
smoking of the current protector can be prevented more
effectively. That is, the fluorine resin is remarkably
incombustible and does not ignite nor burn in the air.

15 Reason for this seems to be derived from the chemical
structure of the fluorine resin per se. Since bonding
between fluorine and carbon in the molecule is strong,
the carbon is hardly eliminated from the molecule singly.
Thus, the generation of smoke seems to be suppfessed. On

20 the other hand, a part of fluorine resin is decomposed at
high temperatures to generate a colorless transparent gas
including fluorine atoms by vaporization. Since the heat
of vaporization is taken away.from surroundings, more
damage of the fluorine resin seems to be prevented.

25 When a resin other than fluorine resin is used
in the organic reéin-made insulating substrate, such a

resin is heated to an extremely high temperature at the

blowing of the copper conductor (i.e. fusible link),



be suppressed by using the fluorine resin as a covering material. [Third
nodi fication] The current protector having the structure as 15 nentioned
above can be nodified in that in the formof a chip-type current protector,
the electrical conductor is formed in the-i2w ating substrate and

sandwi ched by a pair of light-shielding netal foils. By nodifying as
ment i oned abovereshktirguinigenetatimg ontlarge canount sof usmoke fopraved in
surface appearance as well as prevention of transmttance of |ight at the
tinme of clearintPrRd Bimeu nfor examphe, oseeeral rsecondside Thes) asuely a
substrate is | am nated and adhered to, the fluorine resin 25 used in the

i nsul ati ng subsEWe¥ent Pxofechey g ainsehfigient by furebiPRm oin

insufficiency in di nensional accur at the production,of snmall:sized
chip-type - GRALTREE: dphen thekNQring Terin 518 Meed 10| thactRPdfRt-1 o

S rERctiSrian Seet ol Bates: et
meutating stnetio Bedisdn (oY Srviled oF dufeedy "8 R’ SrhE |
ul ating stbst . TOried ARt
accuracy 15 al | o e e R L L ™

used a tetrafl uSOR LS OEEHLEHE. COBP! & MBRoWR hELhSd | CLRéLY Chils CHESR.
and pol ytetrafl uoro- ethylene which has a | ower nolding tenperature. Mre

10 concretel y, dyedisa Ngi Ptonet ¥adinof pebbet ppeviasch NEs | ssth £ i Oest/bsbrat e
and a tetrafl uoroethyl ene-ethyl ene
suppressing smoking and ignition. In the present
10 invention, smoking and generation of spark in the air can
be suppressed by using the fluorine resin as a covering

material.

[Third modification]
The current protector having the structure as
15 mentioned above can be modified in that in the form of a
chip-type current protector, the electrical conductor is
formed in the insulating substrate and sandwiched by a
pair of light-shielding metal foils.
By modifying as mentioned above, the resulting
20 current protector is further improved in surface
appearance as well as prevention of transmittance of
light at the time of clearing or blowing.
When the organic resin-made insulating
substrate is laminated and adhered to, the fluorine resin
25 wused in the insulating substrate is softened again and
provides a problem of insufficiency in dimensional

accuracy at the production of small-sized chip-type



copol ynmer as the adhesive, the above-nentioned purpose can be attai ned. As
the light-shielding netal foil, there can be 15 used conventional materials
so long as the ignition, snmoking and light at the tinme of blow ng under
over- current conditions can be prevented @2 shi el ded. The thickness and
size of the light-shielding metal foil can be determ ned dependi ng on the
pur pose and easurxantofprarentanss i gin el & «dase b i 30 desigable to

t hi ckness and |larger in size so Iongﬁgs not contacting with the term nals.
The above- ment Wifed® ERSIEhthairigie@ owam st taning RPIE tHhan dihewerin
Processes C and D.. (Progess O 25 . The Prqcess C ¢ ri ses the
Ctope ofs o sl A R LA N ARRRE A O G AR @R R ar o
formed by etchin ne of netal fojls ¢lad on hoth sides of an insulating
substrate,  Conicher 15 sbrmed ahd (o SORquey ARG & cal
conductors, @ f &Hg'- resin- I ' | &ﬂ?ﬁe film
and a net al oi%, éoﬁ%ovaveetisj Egy a _e%ig%r{gngsw oé}Laq@{a% {}ﬁéﬁénégt% oils at the
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| ami nate except for special portions by etching to formlight-shielding
metal foil portgudfosdl therd afinad isdda aidtiemk Rididd thy Rerld WtiliyRene

resin-nmade prepreg or a fluorine resin-nade film and a 10 netal foil,
fol |l owed by adlepalymer athiich s erdleetivslyt dheds, aind o ottetns £ luofaces,
ethylene which has a lower molding temperature. More
10 concretely, by using polytetrafluoroethylene as the
insulating substrate and a tetrafluoroethylene-ethylene
copolymer as the adhesive, the above-mentioned purpose
can be attained.
As thé light-shielding metal foil, there can be
15 used conventional materials so long as the ignition,
smoking and light at the time of blowing under over-
current conditions can be prevented or shielded. The
thickness and size of the light—shielding metal foil can
be determined depending on the purpose and easiness of
20 production, preferably 5 to 50 um in thickness and larger
in size so long as not contacting with the terminals.
The above-mentioned current protector can be
produced by the following Processes C and D.
(Process C)
25 The Process C comprises the steps‘of:
a. forming an article having electriéal conductors
which are formed by etching one of metal foils clad on

both sides of an insulating substrate,
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conductors in the holes for connecting termnals, 15 g.

tive termnals by etching, and h. cutting the center o
connecting termnals so as< @3gi-ve a nunber of current

s, each chip having conductive term nals at both ends

by h.he el deminatiing rihe tayrtidle: hayvixg fekaetinicahk) .
e Process D conprises the steps of: a. form ng an arti
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I nsul ating substrate, followed by fo tion qQf a [.ight-
shi el di ng net alFSSin-mde fodmn andja d‘fetca\r'ﬁ feﬂ’t]i'clfgﬁt?wed %lf c?r‘;rh op
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metal, fqil by .etchi.ng aqne of tagl foils clad ot her
B9 f% to haye the @erel FAIR, ol e itk FHAAT
g al foi . | .4 am ' foil,

t Hgé'l I ght 11sehl ellg'{bﬁﬁﬁeg%t%loiﬁOlolnéoan%ng&d%é;srﬁ%g el ectr
NANHRY ¥ Sdd i1 POl B & IS kO NEGrm
-éggé m égﬁft e iﬁiulati g substrgﬁg hayinéfthe
a4 ifpialsHidld oy el deoit ?d@@@ﬁ@y adhesion so as to ha
s at the outnost surfaces, 10 d. drilling holes fo
m nal.s in tlwnireting the asddimdde article, a fluorine
resin-made prepreg or a fluorine resin-made film, and a
metal foil, followed by adhesion so as to have the metal
foils at the outmost surfaces,

e. drilling holes for connecting terminals,
f. conducting plating so as to have conductors in

the holes for connecting terminals,

g. forming conductive terminals by etching, and

f

cle
S

t he

i C

ve
r

h. cutting the center of the holes for connecting

terminals so as to give a number of current protector
chips, each chip having conductive terminals at both ends
interconnected by the electrical conductor (i.e. a
fusible link).
(Process D) |

The Process D comprises the steps of:

a. forming an article having electrical conductors
on one side by etching of one of metal foils clad on an |
insulating substrate, followed by formation of a light-
shielding metal foil on another side of the article,

b. forming a light-shielding metal foil by etching

one of metal foils clad on another insulating substrate



e. conducting plating so as to have conductors in the holes for
connecting termnals, f. form ng conductive termnals by etching, and
15 g. cutting the center of the holes for connecting termnals so
as to give a nunber of current protector <l84pss each chip having
conductive, termnals at both ends interconnected by the el ectrical
conductor (i.e.ta divg e ingiklatizg substrate Mawingesllight-ovihiekding
protector chip is shown in Fig. 11, wherein nuneral 32 denotes the

i nsul ating subdtetdle faik QruAReISBIR denot es a conductive terninal . \hen

the el ectrical conductor has, the thickness to.8 [err re .is

probl emin that crécks ar]t?n?ﬁ‘ g 13 "f:ﬁfcﬁi]uc‘léﬂ’%a‘t t'r’ls)‘”b%t Y9 H
connecting porti.o of te nal ectric con uctor due I
stress. Thus, R ‘?q"oat]tehiieooﬂ i ifn‘geer ang r%m%gn%%%lg\nat h a
| ar ge t enpergat t ) :

t hi ckness ofgat %ﬁ%}éf&{sf\%t%r}on%}hea%%:lon%ec %\g;%il?%ﬁé% %aﬁt‘ conduct or
10 [err] or gre e préﬂ &l Pl@ddite Fed EddS £, (AR HUCK AN DA PRAS

cause an incre roduction cost and poor 5 nnldhblllty at the time of

| am nation, foldybscrdte HHEHi@thd MUsght f¥h {1 L She el £181 Dloyrowé noSt .
According to the third nodification, the light- shielding netal foiks :
sandwi ch the elsidde, Ealivhesd By (adlﬂesicuslérb g ithk)hawe thetmegml tFahlsand
snoki ng under 10 over-current conditions can be prevented effectively. by

t he |i ght-shi eladi rcherendimdsii Isurfifmesa fl uorine resin

10 d. drilling holes for connecting terminals in the
resulting laminate,

e. conducting plating so as to have conductors in
the holes for connecting terminals,
£. forming conductive terminals by etching, and

15 g. cutting the center of the holes for connecting
terminals éo as to give a number of current protector
chips, each chip having conductive, terminals at both
ends interconnected by the electrical conductor (i.e. a
fusible link).

20 The resulting current protector chip is shown
in Fig. 11, wherein numeral 32 denotes the insulating
substrate, and numeral 39 denotes a conductive terminal.

When the electrical conductor has the thickness
of 3 to 8 ym, there is a problem in that cracks are

25 easily produced at boundary between the connecting
portion of terminal and the electric conductor due to
thermal stress. Thus, when the current protector is used

under circumstances with a large temperature difference,



Is used in the insulating substrate, since the electrical conductor is
buried in the insulating substrate, the current protector is hardly damaged
and hardly generates 15 snoke. Heretofore, when the covering resin |ayer is
thin, e.g. less than 50 [err] or when a fd rps arganic foreign body adheres
even if the covering resin layer is 50 [err] or nore, there is a problem of
damagi ng of thet2lscddesirgblesto nayerthd-uwchimknesdart tthee apmdwctivog t age
is high, light em ssion caused by spark due to electric discharge in the

i nsul ati ng- substerminal eonnecking It he tekectsidal icopdudior ot @ wn or
covering resin layer, result-_ing in causing a problem of poor surface
appear ance. 25more by partial RRafing Ihchs ckidir. | Ruhitem, thigke the
light-shielding netal foils are used in the current protector, the

above- nent i oneg:?ﬁ'wae]r‘% HREPE AN rcrease -Plfmﬁtflf?wq‘i‘ AT FR°Fhe
current protector Vi th tructure ni i oned above can. he nodified
in that int e“?oc;r(rﬁ c)’fﬂ%%tﬁetp-s‘f%etlﬁﬁ e tf%?ﬂ%ﬁ%}’, f?@'?vﬁ%%l Tng
substrate is 5 f rom ory S | t ri

conductor is foé{r%%lognrp't hgﬂHlé;’uléa | n%%%&?%l%wﬁhliwégﬁ/ﬁdh%ﬁfh a

fluorine resin. By the myfddCHiddRSLHE R OAE dPOMEoat 160 | Ok 11 ht -

current protector is further 1nproved in 10 accuracy for formng electrical

conduct ors ('t higHdneisdi iy et it K 12| Sidwic O BdKSic afshdwdtewi ity

for a long period of time even under circunstances having a
(i.e. fusible link), so that ignition and smoking under

.10 over-current conditions can be prevented effectively by
the light-shielding metal foils. When a fluorine resin
is used in the insulating substrate, since the electrical
conductor is buried in the insulating substrate, the
current protector is hardly damaged and hardly generates

15 smoke. |

Heretofore, when the covering resin layer is

thin, e.g. less than 50 um, or when a fine organic
foreign body adheres even if the covering resin layer is
50 pm or more, there is a problem of damaging of the

20 covering resin layer. Further, when the applied voltage
is high, light emission caused by spark due to electric
discharge in the insulating substrate is observed through
the insulating substrate or covering resin layer, result-
ing in causing a problem of poor surface appearance.

25 According to the present invention, since the
light-shielding metal foils are used in the current

protector, the above-mentioned problems are solved.



| ar ge tenperature change. The above-nentioned current protector can be 15

produced by the followi ng Processes Eto H (Process E) The Process E

conprises the steps of: a. forming a plurality of electrical conductors

by etching one of netal foils clad on bot-h 26 des of a 20 fluorine

resin-made insul ating substrate, said netal foil to be etched having a

t hi ckness of 3 [FQurY rqulﬂicatlonkunnatlng an article having the

el ectrical conductors t hereon, a fluorine re5|q§ggde prﬁgre or. a fluorine
in

resin-made film and a mekhg GHTent RIQRRGEFR cturecﬁ§||-
hol es for connect| term.nals tin
conductors in n@é’ﬁhov&mﬁ%dnq@%eﬁ:{dgg tqu" a‘ afom ¢ rafn ng

conductive ter ol es
for connecti ngrpt ij H%/s o) aé}g:tﬁ%%&:tor r%*&r 0 currerrfﬁe pro %é;lej'{l ps,
each chip hay &‘é“lf.’é&& 'avefltxﬁiz‘ﬂd@'z%saitn Dy Shfkh %A é‘télré&!ﬂ?é‘éfd by the

el ectrical conductor .e. a fusible Ilnk) (Process F) The Process F

conprises the sicﬁmdﬁor 61s fornied Br&he filnsdldte e Subs@eacd hsid atd ng 10
substrate on both sides of which netal foils are clad, at |east one of the
metal foils comuoviexrtaty wAtih rsstf larpfiate lmesim havi ng a thlckness of 10 to 50
[err], an internedi ate

g

By the modification as mentioned above, the
resulting current protector is furthei improved in
10 accuracy for forming electrical conductors (thickness and
width of electrical conducfors) and reliability for a
long period of time even under circumstances having a
large temperature change.
The above-mentioned current protector can be
15 produced by the following Processes E to H.
(Process E)
The Process E comprises the steps of:

a. forming a plurality of electrical conductors by

etching one of metal foils clad on both sides of a
20 fluorine resin-made insulating substrate, said metal foil
to be etched having a thickness of 3 to -8 um,

b. laminating an article having the electrical
conductors thereon, a fluorine resin-made prepreg or a
fluorine resin-made film, and a metal foil, followed by

25 adhesion,
c. drilliﬂg holes for connecting terminals,
d. conducting plating so as to have conductors in

the holes for connecting terminals,



ni ckel or nickel alloy layer having a thickness of 1 [err] or less, and a
second copper |ayer having a thickness of 15 3 to 8 [err] said second
copper |l ayer contacting with the insulating substrate, b. etching the
special portion of the first copper |ayers 27 ~ renovi ng the internediate
| ayer to expose the 20 second copper |ayer, d. formng a plurality of

el ectrical conducters on fomEniglecaidudiel venstdeningls diysteteleiny, eandi ng

t he second copper layer, e.* = laminating an article having the electric
25 conductors therfeon, a dutkingcthesenteriobridie aples (fenreorneeting nade
film and a netal foil, followed by adhesion, f. drilling holes .for
connect i ng t er fiqfMnals so &8 _te give & JHHIRIT (RE FFUETIRE RFALFPRave

conductors in the holes for connectjng terpinals, h. . orm onducti ve
terminals by etTHRRy Sfrichip q“%‘(ﬁt‘f rf'gotf‘#écnrc’eﬁ et-remuﬁ.jes HbY ng? remgs
connecti ng term t [V e f pyotgctor chips,
each chip hg%/i nbﬂg:é(}?]éaﬁé’?él)%%éq eﬁfkn%ﬁ}fes&a%]%% a%n%‘%ﬁ%‘?%%% 0{1%(3% e% by the

electrical condyed@iiditfkp fusible link). (Process G 10 The
Process G conprises the steps of: a. drilling holes for connecting
termnals in aéjfggéggeﬁﬁsin-nade i nsul ating substrate on both sides of

The Process F comprisés the steps of:
a. forming a fluorine resin-made insulating
10 substrate on both sides of which metal foils are clad, at
leaét one of the metal foils comprising a first copper
layer having a thickness of 10 to 50 pum, an intermediate
nickel or nickel alloy layer having a thickness of 1 um
or less, and a second copper layer having a thickness of
15 3 to 8 um, said second copper layer contacting with the

insulating substrate,

b. etching the special portion of the first copper
layer,
c. removing the intermediate layer to expose the

20 second copper layer,

d. forming a plurality of electrical conductors on
one side of the insulating substrate by etching the
second copper layer,

e. laminating an article having the electric

25 conductors thereon, a fluorine resin-made prepreg or
fluorine resin-made film, and a metal foil, followed by
adhesion,

f. drilling holes for connecting terminals,



which netal foils are clad, one of the netal foils having a thickness of 3
to 8 [err], 15 b. formng a plating resist on portions of the

i nsul ating substrate other than portions for form ng conductive termnals,
and plating the conductive termnals and +n28 de of the holes to a necessary

t hi ckness, 20 C. formng a plurality of electric conductors on one
side of the insul &ing subsnducking plabing shecametal hdve| comduatorsein
thickness of 3 to 8 [err] formed on the |am nate, d. covering the

surface of el ecth® chelesiukenreonmegring stermiRak®, resin | ayer, and e.
nunber Jof current Br ot ect EERERG<SORIRRLLYE L HERTHELE P SETBLRE or BPfial o at
P e ¢ e Shn0esd ot b L S e CHIOUELL Lhfrsfy
Substrare orf bor FELFBALE Coo e €6 ulVe % Mpfoot (OF | Sb-E Rt pHBEECLEZ. | 0

metal foils Corm&iaﬁé Nedcth | ERfp CRPPEAG | GYRIuERIYE e erhihsksese BbtiOehs 50
[err], an interne i at e l ayer of nickel or nickel 10 alloy having a

thickness of 1 {fEédcHiné@66d By ltite SELEOEr LONDPEEChMIEEORAYL NG, aat hi ckness
of 3 to 8 pm said second copper |layer contacting with the insulating
substrate, fusible link).

(Process G)

10 The Process G comprises the steps of:

a. drilling holes for connecting terminals in a
fluorine resin-made insulating substrate on both sides of
which metal foils are clad, one of the metal foils having
a thickness of 3.to 8 um,

15 b. forming a plating resist on portions of the
insulating substrate other than portions for forming
conductive terminals, and plating the conductive
terminals and inside of the holes to a necessary
thickness,

20 c. forming a plurality of electric conductors on
one side of the insulating substrate by etching the metal
foil having the thickness of 3 to 8 um formed on the
laminate,

d. covering the surface of electric conductors

25 with a fluorine resin layer, and

e. cutting the center of the holes for connecting
terminals so as to give a number of current protector

chips, each chip having conductive terminals at both ends



b. plating inside of the holes for connecting termnals to a necessary

t hi ckness, 15 C. etching special portions of the plating | ayer and
the first copper |ayer, d. renoving the internediate | ayer to expose
t he second copper |ayer, e. formng & RBurality of electrical

conductors on 20 one side of the fluorine resin-mde insulating substrate
by etching thels¢essonaested byydhe electrigale congucthers (df-goed of

el ectric conductors with a fluorine resin layer, and g. cutting the
center of the KYPEOEoLidinecting 25 terninals so as to give a nunber of
current protect%r chi ps,_.each chip having conductive termnals at both ends
i nt er connect ed (6FOCRESeFdctri cal conductor. The resulting current

protectors can be shown Thé-P%%EF ngFEgﬁFgﬁééﬁt%hﬁggtﬁ@%ﬁgg i ng to'prior

art processes, electrical " con rs are by a"t il m met hod or a

pl ati ng netigod. The thicﬁr&hhqggghgﬁgsiQ%Euggﬁﬁbgﬁﬁ§bzkg |§%%P: 34 9

nmet hod mhere!n Fhe conductor;_ . rectly . ﬂ nlobpaiped
by screen prinkhgerided rasihigadt limstiahing BRibaeFaMee i BHoth! %ridéLé e ng

t he whol e surface, conductors are forned by etching. According to the
pattern printi gpicht hedall folidsdiarbl ellad,t atf Qeasti dael @ fpaties matadind

uni form thi ckness. According to the thick filmetching nethod, the accuracy
of thickness i f£oiisr comprisingdar £hrgthebppes flayelmbeying hdehdcknesst e
of 10 to 50 um, an intermediate layer of nickel or nickel
10 alloy having a thickness of 1 um or less, and a second
copper layer having a thickness of 3 to 8 um, said second
copper layer contacting with the insulating substrate,
b. plating inside of the holes for connecting
terminals to a necessary thickness,‘
15 c. etching special portions of the plating layer
and the first copper layer,
d. removing the intermediate layer to expose the
second copper layer,
e. forming a plurality of electrical conductors on
20 one side of the fluorine resin-made insulating substrate
by etching the second copper layer,
£. covering the surfaces of electric conductors
with a fluorine resin layer, and
g. | cutting the center of the holes for connecting
25 terminals so as to give.a number of current protector
chips, each chip having conductive terminals at both ends

interconnected by the electrical conductor.

The resulting current protectors can be shown



vari es considerably. Further, the accuracy is further |owered by etching..
15 On the other hand, the plating nethod includes a pane

pl ati ng met hod wherein after conducting electric plating on the whol e
surface of an insulating substrate, el ect+idhl-conductors are forned by
etching; a pattern plating nmethod wherein after conducting underlying 20
plating of ultri¥tBikgs{il3A wopkdGern is forned by electro plating; and a
full additive nethod wherein the conductors are forned by el ectro] ess

plating. According to t heérGRRILNg &9 RFIRY KL RRPIIRETM RIS hg
thod, it is diffjcult t | ttering of t 25 thick .

The subst r at & WOIHSEERRE R GHORIRS A7 (b i S AR G RiRcLAd

heeh ! A . . vE

Compl | cated comsuiods°He i fa XN deddifs MUtIed fdcofl llle-

- accuracy. 4 n GQildddion AMAIGINLHS dARIEERI ald Elkedi B £5EEE B

ultra-thin copper filmor conposite net foll, each having a predeterm ned

thi ckness, is useathidiherDl®WhtLimsd B Gtrsen GRrimeimps Amech Whiewt

suffering fromthe problens of prior art nentioned above. Further, the
change of thi ckiiclss efchiigmdthod Wwindyein dbter primting theé othobe very
small, resulting in inproving the etching accuracy and the accuracy of the
conduct or w dt leurifadsy, storidwiters re cxirmed rhy cftelesngt ankecoxding to
becomes small, resulting in providing current protectors having excellent
cl eari ng char acih® ipattermiptrinting methody iy is difficult to form fine
10 patterns and uniform thickness. According to the thick
film etching method, the accuracy of thickness is
improved considerably but the thickness in the substrate
varies considerably. Further, the accuracy is further
lowered by etching.
15 On the other hand, the plating method includes
a panel plating method wherein after conducting electric
plating on the whole surface of an insulating substrate,
electrical conductors are formed by etching; a pattern
plating method wherein after conducting underlying
20 plating of ultra-thin film, a pattern is formed by
electro plating; and a full additive method wherein the
conductors are formed by electroless plating. According
to the panel plating method and the pattern plating
method, it is difficult to control the scattering of the
25 thickness in the substrate within 20%. According to the
full additive ﬁethod, the thickness accuracy is satis-

factory but the working time is long and complicated

control is necessary in order to increase the thickness



of clearing characteristics under over-current conditions. 15

Further, since it is not necessary to control the thickness of electrical
conductors dependi ng on changes in working conditions, the yield can be

i nproved, resulting in |lowering the product3lor cost. In addition, since the
fluorine resin is used 20 in the insulating substrate and in the covering
resin | ayer, tReCAWHACKEdvant ages as explained in the second and third

nodi fications can be obtained. [Fifth nodifjcation] The current protector

having the structure as 2N RRTGHEY ARRICTNG e the PEIFSH: tHNSAT t he

formof a chip-tyﬁe current protector, .a vacant %9 ce is forned between the
L1

el ectrical con siNFe Hdie suitFa-Khin coppep L FTRITNE B5tahe
odi ficati ti d.abh th ' t t | s f h
odi Tl catlon ase BN QMK esh?asx{oi\éner% & (Be:iéecfe%;%ﬂﬂ% l{-f}{igqr]meoésﬁ,g_eic%q{séé, £Hd her

i mproved in insulating oW ng or earl

Wien the el actrd ﬁ%‘ﬂ*’ | ' | | ?{kﬁg t he
vacant .spacgisé'@rlme e?mﬁur#%%c%ﬁ%ér [é:% c%ﬁu%c%ﬂr&g% t eélfies n Iayer
contacting W t i 18 GPrdidmes Y Yt iy e Mndite HAL tdbiAd . CONBEREY, | S

formed on the 10 insul ating substrate, the vacant space is fornmed between
the el ectrical glrndimie & tHickrsds) dRWRELLD VESi 1) Bataweati fBses adr t he

el ectrical conductor. The volune of the vacant space is sufficient
within a lot is very small, resulting in improving the
etching accuracy and the accuracy of the conductor width.

10 By such effects, scattering of resistance values becomes
small, resulting in providing current protectors having
excellent clearing characteristiés with small scattering
of clearing characteristics under over-current
conditions.

15 Further, since it is not necessary to control
the thickness of electrical conductors depending on
changes in working conditions, the yield can be improved,
resulting in lowering the production cost.

In addition, since the fluorine resin is used_

26 in the insulating substrate and in the covering resin
layer, the same advantages as explained in the second and

third modifications can be obtained. .

[Fifth modification]
The current protector having the structure as
25 mentioned above can be modified in that in the form of a
chip-type current protector, a vacant space is formed

between the electrical conductor and the resin layer



when the vacant space can be formed by the swell of the 15 resin layer. The
above-nentioned current protector can be produced by the follow ng
Processes | to J. (Process |I) The Process | conprises as follows. In a 20
process for producing a chip-type current-p@32tector wherein el ectrical
conductor is covered with a resin, or a resin and a reinforcing material, a
vacant space i spiaceddthereassi ng a predetermnmi ned anount of current for a
predeterm ned tinme through the el ectrical conductor 25 between the

el ectrical conductor and B¥iethecredification asymentionedakove, ThRepr ocess

J conprises the steps, of: ri%li hol es for .connecting
urth

. - 33 - a. o
termnals in arFSRRLFIRY nGUEERRE ( BFREASHPR g fe SF | YUBRCB3Eh 8 des

th f, b. . ti | atj ' . 5 thick ,
e ormi ng WRREREHRE S=Ee Pat e [ akPoE RIGRIAS S EERERERE. o "L he o
(nsulating sybstrate by offlhngnerobetiai®ghaliotds 18 formedOYAM LRY the
surfaces of electrical conductors O wth a resin Tayer, and e. cutting
the center of t{igsPAEEng bubPEREES] NENé CVALARE SsBRcES1 S OF §1MEd apeLwhen Of

current protector chips, each chip haV|ng conductive termnals at both ends
the electrical conductor and the resin layer contacting
with the electrical conductor.
When the electrical conductor is formed on the
10 insulating substrate, the vacant space is formed between
the electrical conductor and the resin layer covering the
surface of the electrical conductor.
The volume of the vacant space is sufficient
when the vacant space can be formed by the swell of the
15 resin layer.
The above-mentioned current protector can be
produced by the following Processes I to J.
(Process I)
The Process I comprises as follows. 1In a
20 process for producing a chip-type current protector
wherein electrical conductor is covered with a resin, or
a resin and a reinforcing material, a vacant space is
formed by passing a predetermined amount of current for a
predetermined time through the electrical conductor
25 between the electrical conductor and the overlying resin
layer. |
-(Process J)

The Process J compriSes the steps of:



I nterconnected by the electrical conductor (i.e. a 15 fusible |ink).

(Process K) The Process K conprises the steps of: a. formng an article
havi ng el ectrical conductors which are formed by etching one of netal foils
clad on 20 both sides of an insulating subs33ate, b. | am nating the

article having electrical conductors, a fluorine resin-nade prepreg or a
fluorine resin-mda.fil mdahtilingehalesofbdr tonneqpﬂn@ytenmEBaba §p as to
have the netal foils at the outnost surfaces, 25 drilling holes
for connecting ;esniﬂﬁingnsuhétretelhawgnganeha%ef°§ls on behhusidag

pl ating so as to make conductors in the holes for connecting term nals,

- 34 - e. EP%?%@ conductlve termnals by etching, and f. cutting
the center of the holes for ectln %ern1nal a a_nunber of
current protector hips 83E }thﬁg? bngoﬁﬂug??vg°i§?nfﬁa snﬁfeﬁﬁ?ﬁyends
5 interconnegte ﬁ? % g electrlcal conductor (i.e. a fusible link). The
resulting cu %¥ T8%¢t or chip is shown in Figs. 15 and 16, wherein

numer al 42 denot esgan nopb2it g 3PEhEAL PrylUECLSbofdi BRI0LERAACERRAUGH Ve

10 term nal, nuneraf 200 denote esi n er covering the surface
nuneral 201 dengh&sssue! bfNghe TIRshEat Inga¥8bsE2At8CLY0EEBHING bhe 82Me

manner as described in the second nodifiCation.
the metal foils,
d. .covering the surfaces of electrical conductors
10 with a resin layer, and

e. cutting the center of the hoies for connecting
terminals so as to give a number of current protector
chips, each chip having conductive terminals at both ends
interconnected by the electrical conductor (i.e. a

15 fusible link).
(Process K)
The Process K comprises the steps of:

a. forming an article having electrical conductors
which are formed by etching one of metal foils clad on

20 both sides of an insulating substrate,

b. laminating the article having electrical
conductors, a fluorine resin-made prepreg or é fluorine
resin-made film, and a metal foil, followed by adhesion
so as to have the metal foils at the outmost surfaces,

25 C. drilling holes for connecting terminal in the
resulting laminate,

d. conducting plating so as to make conductors in

the holes for connecting terminals,



After this, the electric conductor is heated by 15 passing an electric
current therethrough to generate swelling of the covering resin |ayer. Wen
the current value is too small, the necessary swelling does not take place,
while the current value is too large, the-eB&ctrical conductor bl ows.
Therefore, it is preferable 20 to pass an electric current so as to bring
about the necessar§-swel | fagning etenduriivgoterninakdsbyusetghingasande
rated electric current for 0.01 second or less) in several ten seconds and
to have a sufficieht ti meCHREINIpFRRI FERtetcAt ather hehes cFargesnaerELRgng

the kind of 25 naterjal d_thick f_th ' ip | d
the kind of mauEFFBIIBIS R ARsHP 917G SuBLRPSE cof | FurREtp BEBHEcFiTent | on,

f2§§¥§C?”t-Sgécfﬁ%é%Pt%§°%Fé@¥$iﬁi%fﬁﬁﬁaﬁﬁéﬁ??fﬁﬁ39$ﬁ%% fhe BTboff blas |
and the ol ectr i EaT Eoomier e, B e e R e e R U T eA % i on.

According to-theygihid fPgkiication, insulating properties after blow ng
are inproved by form ng the vacant spaces, in other words, by preventing

adhesi on of the covering TkR§i fesa@YEing' edrtEat chL6tétEor 6RDPULE05hEWN10
formng swelling of the resin layer. By form ng the vacant spaces produced
by swelling of iheFigsinlbagyed, 16 hewhaseint nugerati 42aderotéseanbl owi ng can
be inmproved by (1) the covering resin
insulating substrate, numeral 44 denotes a conductive
10 terminal, numeral 200 denotes a resin layer covering the
surface, and numeral 201 denotes swelling.
The resin layer can be formed in the same
manner as described in the second modification.
After this, the electric conductor is heated by
15 passing an electric current therethrough to generate
swelling of the covering resin layer. When the current
value ie too small, the necessary swelling does not take
place, while the current value is too large, the
electrical conductor blows. Therefore, it is preferable
20 to pass an electric current so as to bring about the
necessary swelling (preferably about 3 times as large as
the rated electric current for 0.01 second or less) in
several ten seconds and to have a sufficient time until
blowing. Such a current changes depending on the kind of
25 material, and thickness of the covering resin layer and
the kind of material of the insulating substrate.

In the present invention, the vacant spaces can

be formed between both the upper and lower resin layers



| ayer is not directly exposed to the high tenperature at 15 the tine of
bl owi ng, (2) the generation of carbonized product can be suppressed by the
generation of carbon dioxide by the diffusion of oxygen in the air into the
swel l ed portion, and (3) fine particles of 3vaporated product of netal
diffuses into the swelled portion, 20 resulting in reducing the residual
amount in the BArftherlectrical sgenduekori he damage of the current
protector can also be reduced effectively by not contact- ing_directlg W th
o]

the bl owed portion of thefRertkieknesp ot e rcoRdprbivei FRIBIRA1S @ndo t he
oove 10 62 DR s 00 e LGB e

d t d ' ' d L rd. f difi |
e obt arned [ STt Medacrot e MRCLiBDs 18 HhY (ROLQ RBAL PIGaCEN

structure asg S {iFHi oned above can be nodified in that in the formof a
chi p-type current protector, the electrical conductor is fornmed in the

insulating substrate and g.od¢dig SBGCehé SE{ PENBRbEL £1 88810, PORSH PR BRQUN
the el ectrical conductor to be blowed. 10 By nDdl?ylng as

nmenti oned aboveprdpertss!l 4 ftdr BIdwig Pied ehhproved fiby t Fefmingreved in
accuracy for formng electrical conductors (thickness and wi dth of
el ectrical condeaxtarts)spaces £limbothey words, |longprevemring adhesion of
the covering resin layer from the electrical conductor by
10 forming swelling of the resin layer.

- By forming the vacant spaces produced by
swelling of the resin layer, the insulating resistance
after blowing cén be improved by (1) the covering resin
layer is not directly exposed to the high temperature at

15 the time of blowing, (2) the generation of carbonized
product can be suppressed by the generation of carbon
dioxide by the diffusion of oxygen in the air into the
swelled portion, and (3) fine particles or evaporated
product of metal diffuses into the swelled portion,

20 resulting in reducing the residual amount in the blowed
portion.

In addition, the damage of the current
protector can also be reduced effectively by not contact-
ing directly with the blowed portion of the current

25 protector by providing swelling to the covering resin
layer.

Needless to say, by using the fluorine resin in

the insulating substrate and in the covering resin layer,



of time, and is high in insulation resistance after 15 bl owi ng. The
above-nentioned current protector can be produced by the follow ng
Processes L and M (Process L) The Process L conprises the steps of: 20

a. formng a-plurality of electrical <<@®ductors by etching one of netal
foils clad on both sides of an organic resin-made insulating substrate,
said netal foilthe damestashvahtegan@s ddgaxitext iof the s&-dnd s |thixd and
form ng anot her |nsulat|ng substrate having 25 holes for form ng vacant
spaces in preddiamimaediifiqations can hgnohkaimpdhe insul ating substrate
having a plurality of el ectrical conductors, the insulating - 37 -
substrate having holes for form ng vacant spaces, and an insulating

substrat e havi t al i e side thereof so as to adjust the

position of thg%tgg "? arﬁ"r?dloﬂacant spaces and the electri cal

conductors, 5 followed b Sonpestdhg
. : bymadnGsL,Qdhe cln:'otectj.ccﬁr cﬁ}%ﬂﬁg’gﬂfﬁ Abucti aséét"

termnals in the resulting 1amnate, con o]
form conduct r%néﬁltah%d@z?o%é %arpqsw%dfﬂé@rfﬂ Nalse i the form of a
form ng conductive termnals by etching, and g. cutting the center of

the holes for HilRAYHY dffrEnlfriedisord 0 tgie/ea@dwml Uorfdiidteont is

prot ector chips, each chip having conductive terminals at both ends

i nt er connect ed fiprnicke il atig | iradulatidits tsitbstirate @and a vacant space is
formed at least a portion around the electrical conductor
to be blowed.

10 By modifying as mentioned above, the resulting
current protector is further improved in accuracy for
forming electrical conductors (thickness and width of
electrical conductors) and reliability for a long period
of time, and is high in insulation resistance after

15 Dblowing.

The above-mentioned current protector can be
produced by the following Processes L and M.
(Process L)

The Process L comprises the steps of:

20 a. forming a plurality of electrical conductors by
etching one of metal foils clad on both sides of an
organic.resin-made insulating substrate, said metal foil
to be etched having a thickness of 3 to 8 um, |

b. forming another insuléting substrate having
25 holés for forminé vacant spaces in predetermined places,
c. laminating the insulating substrate having a

plurality of electrical conductors, the insulating



15 fusible link). (Process M The Process M conprises the steps of: a.
formng an organic resin-made insulating substrate on both sides of which
netal foils are clad, at 20 | east one of the netal foils conprising a first
copper layer having a thickness of 10 to 503ferr] an internedi ate nickel or
ni ckel alloy layer having a thickness of 1 [err] or less, and a second
copper | ayer hasubgtratdi hkvning hélestHoB fermingseacastcspacesppand| ager

contacting with the 25 insulating substrate, b. renoving the first
copper |ayer, cinsulatimgvswubsthate nhavingiatmetalcfoidb expore shdesecond
copper | ayer, - 38 - d. formng a plurality of electrical conductors

on one side of thereef $tasgtaddivetcthy B‘P%h?h‘@nt% she ohelespher | ayer,
e. form ng ﬂbother i nsul atin substéate ha¥ ﬁ? ﬂoles fog form ng
vacant spaces i {W%H%t%ﬁﬂ?ﬁ%ds cggqand the elegirical, conductaffp;ing
substrate h ﬂ%$ ala¥ ¥ of electrical conductors, the I nsul ati ng
substrat e havi g f QP%§H%n0acant spaces, and an insulating

substrate haV|ng net al £ ﬁETb§' Silgoﬂﬂgé %3 sge 1§di#s£héhe
position of the holes for orn1 vacan sSpacés an Fhe rlca
conductors, foll égﬁikfy gﬁ dr|II|ng holes for connectlng
termnals in the resu ? anlnafe

e. conducting plating so as to form conductors in
the holes for connecting'terminals,
10 f. forming conductive terminals by etching, and
g. cutting the center of the holes for connecting
terminals so as to give a number of current protector
- chips, each chip having conductive terminals at both ends
interconnected by the electrical conductor (i.e. a
15 fusible link).
(Process M)
| The Process M comprises the steps of:
a. forming an'organic resin-made insulating
substrate on both sides of which metal foils are clad, at
20 least one of the metal foils comprising a first copper
layer having a thickness of 10 to 50 um, an intermediate
nickel or nickel alloy layer having a thickness of 1 um
or less, and a second copper layer having a thickness of
3 to 8 ym, said second copper layer contacting with the
25 insulating substrate,
b. removing the first copper layer,
c. removing the intermediate layer to expose the

second copper layer,



15 h. conducting plating so as to formconductors in the holes for
connecting termnals, i. form ng conductive term nals by etching, and
J . cutting the center of the holes for connecting termnals so as to
gi ve a nunber of current protector 20 chi$s38 each chi p having conductive
termnals at both ends interconnected by the electrical conductor (i.e. a
fusible link). Thedresul tforming rerplural bty cof celectnicah eppduchpre an
shown in Fig. 11. 25 The_adhesion of the insulating substrate
havi ng hol es f ®Pne cfide gl sehet inpatating t substeate by ebFRiRGNERR carri ed
out, for exanple, by bindin not her insulat- ing substrate with an

i nsul ati ng subsTFSPRE* HEPH ¥€Ys . 39 - for form ng vacant spaces and

Fesin 1ilm havi ng & thi ckiRBiny SothSs Fam et rBithrpfte HANLAS .y o
oo f . | .

ol oo betwech oLt hotr: FRgh LI P Gine  eBiede B PR R0 1D

substrate, folloved by adiapi il g ! e afhbOlalind \SubSEritEthasthg &' I M

The above-nmenti oned two net S ca e conbl ne Is, the matefi a

having a | over sDi+£DiEg OPi dlettrifal ctoRuetordy tREULREAIGLENgStrate
havi ng the hol es, and another insulating substrate is placed thereon via

the resin fil msibstoatd hayvhtfhctodss fortherhbhdgevacase, spicedpsandban
t hi ckness range nentioned above nmeans the total thicknesses of the materi al
havi ng the | oneinsulating substrate having a metal foil on one side
10 thereof so as to adjust the position of the holes for
forming vacant spaces and the electrical conductors,
followed by adhesion,
g. drilling holes for connecting terminals in the
resulting laminate,
15 h. conducting plating so as ﬁo form conductors in
the holes for connecting terminals,
i. forming conductive terminals by etching, and
j. cutting the center of the holes for connecting
terminals so as to give a number of current protector
20 chips, each chip having conductive terminals at both ends
interconnected by the electrical conductor (i.e. a
fusible link).
The resulting current protector chip has an
appearance as shown in Fig. 11.
25 The adhesion of the insulating substrate having
holes for forming vacant spaceé with other materials can

be carried out, for example, by binding another insulat-

ing substrate with an insulating substrate having holes



15 softening point and the resin film In the case of lamnation with
adhesion using the resin film the resin filmacts as a protective |ayer
for the current protector, since the resin filmcovers the electrical
conductors (i.e. fusible links). 20 - 39 -In the lamnation with
adhesion, it is prefer- able to use polytetrafluoroethylene as the

i nsul ati ng nat efonl forming t vacant uspaces yardcformgd cberepn| §npataniahg a

| ower softening point than polytetrafluoro- ethylene as the adhesive, from
t he vi ewpoi nt aYb&%r@nb°?§rtﬁ%fF%ﬁ+%@tPﬂbnﬁnd°ﬁdm%?¢h@gt%nﬁ%?bﬁu?éiﬁnd
reducing thermal siress jn.the lampaje. Ip.the sixth nodificatio t he
vacant space th?Yﬁﬂ%daoﬁhb?P%?%%nﬂgt#et%ISgt$?CaPr% ﬁﬁ%%i%rg(%9e£5 MR 40
- fusible link),_Th nt.space can_ho ' o] | Nj 0X¥Qg around the
el ectrical con %Qg.géigﬁﬂﬁégrgg%ﬂ?Fgﬁ L%agé%%? ?%%hg%ﬁ%Faéédgﬁeat _

oxi di zes thes el peldi £81ngOBGHEL Phed b ig ! RoPb8 bEBGCRNEHE! Bham1 4ELALD! ©
link). Further, en the“alr 1s present, the uorine resin hardly produces

a carboni zed progiygtratdehatvingcRbEds dhdSandtnbACORDEBALPhE SaBsELREE, !0
be produced. Wien a fuse is heated in an airless state, i.e” in a fluorine

resin, a carbonf@elowé@dbgtadbes Db 1ghérastibe 6fuphénensested Fesondi ng
to the sixth nodifi- cation, the production of carbonized products can be

prevented by thfihnr hPhel abovéemsntitihed pewe, mathodsscant bencombinédnce
after bl owi ng can be maintained at a sufficient high |evel. Thus, the
current protectBhatsis, the material having a lower softening point is

10 formed on the insulating substrate having the holes, and
another insulating substrate is placed thereon via the
resin film, followed by adhesion. In the latter case,
the desirable thickness range mentioned above means the
total thicknesses of the material having the lower

15 softening point and the resin film. In the case of
lamination with adhesion using the resin film, the resin
film acts as a protective layer for the current
protector, since the resin film covers the electrical
conductors (i.e. fusible links).

20 In the lamination with adhesion, it is prefer-
able to use polytetrafluoroethylene as the insulating
material and a tetrafluoroethylene-ethylene copolymer
having a lower softening point than polytetrafluoro-
ethylene as the adhesive, from the viewpoint of lowering

25 the laminating and adhering temperature and reducing
thermal stress in the laminate.

In the sixth modification, the vacant space is

formed on or around the electrical conductor (i.e.



15 very effective when high reliability of current protector is required.
On the other hand, when a small anmount of anbient substances such as vapor,
sul furous acid gas is included in the vacant space, for exanple, by
penetration 20 frominterface of the substrafe~ the electrical conductor is
eroded, resulting in changing the resistance value with the | apse of tineg,
causing scatter fngibllecléaking Fher xerentsspese cansholidaadxseonthdning
insertion of the resin filmis reconmended. 25 [Seventh nodification] The
current protect GKYB&R Agound §hﬁu§ﬂ&F§IA§aﬁeﬁpndﬁ§&°$bov8h§anON@rnDdlf|ed

in that in the formof a - 41 - chip ¥pe current protector, the
el ectrical condGHFE?nﬁa?a§s§§ac§hSrg&“ﬁGﬁ &3h§§?5n°§6ﬁ%?8ﬁ #heh regard to

rosul Ting 5 cur PORFEREGEScPORARECPE, ERBASLor By BdoFn SHC GPARIERE 1 of m ng
el ectrical ogndyghgsstl isGiRess pandnuEdt ghgk Shechiiodk BORAUGHOr Pheand

reliability ong peri 'S hi'ghi Fon ‘r €31 st ance

after blow ng. uorine reslnTﬁSraQ9V§rBEﬁEbQ“Sdcﬁ%bbﬁ@%e&rg&%&h@% carehe
‘produced by the follow ng Processes"N and P. (Process N) Process N

conprises the sjephefteda- Thusfoéﬁ‘EﬁcémBhQ%QBREYgQE gb@ﬁgrt@abeconductors
by 15 etching one of netal foils clad on both sides of
produced. When a fuse is heated in an alrless state,
i.e. in a fluorine resin, a carbonized product is formed
.10 from the fluorine resin. According to the sixth modifi-
cation, the production of carbonized products can be
prevented by the air held in the vacant space, and
insulation resistahce after blowing can be maintained at
a sufficient high level. Thus, the current protector is
15 very effective when high reliability of current protector
is required.

On the other hand, when a small amount of
ambient substances such as vapor, sulfurous acid gas is
included in the vacant space, for example, by penetration

20 from interface of the substrate, the electrical conductor
is eroded, resulting in changing the resistance value
with the lapse of time, causing scattering of clearing

characteristics. In such a case, the insertion of the

resin film is recommended.

25 [Seventh modification]
The current protector having the structure as

mentioned above can be modified in that in the form of a



organi ¢ resi n-nmade insUIating substrate, said netal foil to be etched

havi ng a thickness of 3 to 8 [err], b. | am nating the insulating
substrate having el ectrical conductors thereon, an insulating nmaterial, 20
and a netal foil, or lam nating the insulat4ng-substrate having el ectrica
conductors thereon and a netal foil- clad insulating material, and pressing
f or adhesi on t hehipatypéedurnmernti pretestoy, atheaetebtviaglhobrdustonshast
to press the special portions, 25 C. drilling holes for connecting
termnals in the $pagetPngal nennadhesion portbanuvithgrepgardngosshas to
form conductors in the holes for connecting termnals, - 42 - e. ﬁ
form ng conduct PREerEYingatasnlating fgbshiate. cutting the center of

t he hol f ti ' . s t ' mb .
pratector chips,  cach ohi P IAVARYLOR(A0 PRRCLURARAAPEVar BBPLEBRILt4ng

ot ereomer g1 e, hEckaLeal FATSHELGe: (BRR56S3 B) TOEPLBRORE”

conprises the ste

substrate on bof@rﬁiﬂ§5e9écEP%891”86ﬁ&u595 §yg§ﬁ%8kﬁéssaén Owh88ft ogne of

the netal foils conprising a first copper la aving a thickness of 10 to

50 [err], an ing¢pasedich® Bbﬁ&ﬁét@fs?iéﬁé|réli&ﬁiiﬁi?rfbﬁvanmoﬁ?tgEEKBGSS
of 1 pmor less, and a second copper | ayer having a 1hickness o to 8

[eLr], sai d secepdtfm@peandlaysrhight aat ingulathohheedbstanfvbabEver
substrate,

blowing.
10 The above-mentioned current protector can be
produced by the following Processes N and P.
(Procesé N)
The Process N cOmpriées the steps of:
a. forming a plurality of electrical conductors by
15 etching one of metal foils clad on both sides of an
organic resin-made insulating substrate, said metal foil
to be etched having a thickness of 3 to 8 um,
b. laminating the insulating substrate having
electrical conductors thereon, an insulating material,
20 and a metal foil, or laminating the insulating substrate
having electrical conductors thereon and a metal foil-
clad insulating material, and pressing for adhesion the
laminated materials using a plate having holes so as not
to press the special portionms,
25 c. drilling holes for connecting terminals in the
resulting laminate,
d. conducting plating so as to form conductors in

the holes for connecting terminals,



b. renoving the first copper |ayer, c. renoving the internediate

| ayer to expose the second copper |ayer, d. formng a plurality of

el ectric conductors on 20 one side of the insulating substrate by etching
t he second copper |ayer, e. | am nati ng #RBe-i nsul ati ng substrate having
el ectrical conductors thereon, an insulating material, and a netal foil, or -
| ami nating the inselatingfoamdngarendsciivengeamdsedschy esshidgor @ndher eon
and a netal foil- clad insulating material, and pressing for adhesion the

| ani nat ed mat eri al §-usi ngchtinge they crgtes of §§ea§°ﬂéﬁ forpconnegtdng
special portions, ., - .43 - f. grillin ol es [for connectin erm nal s
in the resul ti ngSrRPAdSe 80gas to gaNg,at FaPEnGUTFeRE ProtEcHor
conductors in the.hales for connecti.ng term nal.s . h. '
conductive ternfﬁépg'bﬁaggc ﬁ%&,%SH&ng.cgnghgﬁﬁangefﬁ%“%%ﬁtgF %%%gke Sl es
for connectigg &giErARNAERR A0 i the! 818cRITRAN Rondiidkell, Protector chips,

each chip having conductive termnals at both ends 1 nterconnected by the
el ectrical condygtgteskOp The resulting current protector chip
has an appearance as shomﬁ in Fig. 15. The adhesion of the insulating

substrate having el-ectri caheCprddee P cofpeascy theokheps BFUl ating
materials can be carried out by re-softening and nelt- 15 bondi ng of the
fluorine resin used.in théormingatnngrganic resin-made insulating
substrate on both sides of which metal foils are clad, at
10 1least one of the metal foils comprising a first copper
layer having a thickness of 10 to 50 um, an intermediate
nickel or nickel alloy layer having a thickness of 1 um
or less, and a seéond copper layer having a thickness of
3 to 8 um, said second copper layer contacting with the
15 insulating substrate, |

b. removing the first copper layer,

c. removing the intermediate layer to expose the
second copper layer,

d. forming a plurality of electric conductors on

20 one side of the insulating substrate by etching the
second copper layer,

e. laminating the insulating substrate having
electrical conductors thereon, an insulating material,
and a metal foil, or laminating the insulating substrate

25 having electrical conductors thereon and a metal foil-
clad insulating.material, and pressing for adhesion the
laminated materials using a plate having holes so as not

to press the special portions,



substrate. It is also possible to insert a resin filmhaving a | ower
softeni ng poi nt between the insulating substrate having the el ectrical
conductors thereon and the other insulating materials and to conduct
adhesion by 20 this resin film In this ca#s3 when the thickness of the
resin filmis too thick, there often takes place a phenomenon of adhesion
due to a flow of the residrilbing rhelrs ptex | cornectingitterringdbs HriheRe on

W t hout pressing the specjal_ portions at the tinme of |am nation and 25
adhesi on. | n orkRFulbing laminakehnh a phenonenon, it is preferable to use

AN BRI S R AN A e D
When the insul at.in bst e_havi ng. ' duct th '
bonded vi a5 mitkd ETEE Ao el R A O el 6 rpr ove
t he di mensi gnal a rac [ L= '&ggg [ 1.4 [S) t se 5
pol ytetrafl lcjg(;r oet ﬁrg'lrjen gsfﬁléfﬁs%ﬂzc%l ng &n%!ttg%%#ﬁ%jh% lgi; é@éﬁﬂ&, énd

tetrafl uoroet hyl eng- et hyl Gper GOP O WEBEeRSe ATo AUNES | NE1EE£SESr Eondd@esfyent h
nodi fication, the electrical conductors are kept from adhesion. Thus, Tt is

possi bl e 10 to teuiirdYs dd LHNERI Fivg DX@gavel Ofincuibent! pEotectdr
conductor, resulting in oxidizing the fusible link (electrical conductor)
rapi dly to bl ovelips heeayinaclad @ chdneinig | conducttiee térmbssl £10abVvieot uendst .
Further, when the air is present, the fluorine resi-n hardly produces a 15
carboni zed pr odintexaennédted by dtha relegtyicahbcendutior.

10 The resulting current protector chip has an
appearance as shown in Fig. 15.

The adhesion of the insulating substrate having
electrical conductors thereon with other insulating
materials can be carried out by re-softening and melt-

15 bonding of the fluorine resin used in the insulating
substrate. It is also possible to insert a resin film
having a lower softening point between the insulating
substrate having the electrical conductors thereon and
the other insulating materials and to conduct adhesion by

20 this resin film. In this case, when the thickness of the
resin film is too thick, there often takes place a
phenomenon of adhesion due to a flow of the resin even in
the portions not intended for adhesion without pressing
the special portions at the time of lamination and

25 adhesion. In order to prevent such a phenomenon, it is
preferable to use the resin film having a thickness of 30

pum or less, more preferably 15 pum or less, and 5 um or

more, considering availability.



gas seens to be produced. Thus, the clearing character- istics becone
sensitive. The present invention is illustrated by the foll ow ng Exanpl es.
20 In the Exanples, the clearing test, the heat cycle test and
measur enent of resistance val ue were condecdsed-as follows. [Cearing Test]
A rated current source, a resistance 25 R (1 - 2 [err]) for measuring a
current and a current protkenctheoinsuhatingcsubsetratenhaving eheggrgealand
both sides of the resistance were connected to an - 45 - oscil | oscope.
After switchi ngCeRdugkors: thergpnechs kended vimve PREREiabrBavbegrded and a
time of blow ng SF% of %he current rotectgr was [.ead on %ﬁOﬁ]the tinme
scal e (absci ssakO%RF s§OBFeRIRI BRiNt oiR opEdes to improve e dipepfioppl

Scale (orci nat aarEsogrEoh e Prlard e b 4 ¥ W FaterhBlb PP iR, ™"
mnutoe condht| BB e e TErToFar tREEk b CehGr Lho ALty Malopint bha'ar =0

Phete T et sietsstnglotproiaytond cofofpastidnied EiIinly,
val ue, which vatrggeimas conpared with the
In the seventh modification, the electrical
conductors are kept from adhesion. Thus, it is possible
10 to maintaiﬁ air containing oxygen around the electrical
conductor, resulting in oxidizing the fusible link
(electrical conductor) rapidly to blow by the generated
heat in the case of passing over-current. Further, when
the air is present, the fluorine resin hardly produces a
15 carbonized product even if heated, and an incombustible
gas seems to be produced. Thus, the clearing character-
istics become sensitive.
The present invention is illustrated by the
following Examples.
20 In the Examples, the clearing test, the heat

cycle test and measurement of resistance value were

conducted as follows.

[Clearing Test]
A rated current source, a resistance
25 R (1 - 2 Q) for ﬁeasuring a current and a current
proteétor to be measured were connected in series and

both sides of the resistance were connected to an



initial resistance value. [Measurenent of resistance value] A resistance
val ue was neasured by a so-called 20 four termnal nmethod. On an insulating
substrate, both ends of a current protector to be neasured were held
between two netal rods standing on with thetSane di stance as that of the
termnals, and the two netal rods were held between probes for neasuring.
Then, a resi st aseibPboscepee wkter switchingen pthperaked combrert with two
termnals while insulated, and a current was passed - 46 - through one
sanpl e, whil e BWFIQGNIER FrEmRs eRre e TRd ant A timyLE pPleRing or

[ 1 1 . Ex le 1 5 This Ex | e_J | ai ned
Toierring Lo Fighh G TP FUCTORERFOTRTON VAR FPS Thi CERLGRF EbPict ur o
h in Fig, d_Jin Fig. .3A | .5-a denot first
Copper | ayer ARG A TGRS w1k of 18 9Sihifasoagy ‘Gonotes an
I nt er medi at & | ayer of Ni -.thlé@(r&ﬁyigg &%@igﬂpgs@? {%lgtgiﬁ&ﬂrﬂ)% and

nunmer al 5-c denotes a second copper |ayer having a ness of [err]. A

substrate 4 was-QILPAE &h Dhd Ol ok L e BBYE v T Pidm St &@&é@%éé}@ 4 so

as to contact the second 15 copper layer 5-c to the substrate and al so

bondi ng a poppegafaﬁa& hawidp Gf RS kHESE1 DdsdSpéd ednd Sl élEa@ifgrthéde as
shown in Fig. 3B. A glass cloth-reinforced fluorine resin prepreg

following formula:

V/R

I (current)

10 [Heat cycle test]

Condition 1 -40°C for 30 minutes

condition 2 : 125°C for 30 minutes
After repeating the predetermined times
(cycles) of Condition 1 and Condition 2 alternately, the
15 thus treated sample was subjected to the measurement of a
resistance value, which value was compared with the

initial resistance wvalue.

[Measurement of resistance value]
A resistance value was measured by a so-called
20 four terminal method. On an insulating substrate, both
ends of a current protector to be measured were held
between two metal rods standing on with the same distance
as that of the terminals, and the two metal rods were
held between.probes for measuring. Then, a resistance
25 value was measured. One probe was combined with two

terminals while insulated, and a current was passed



was used as a material for the substrate 4, and pressed 20 under a pressure
of 20 [err] at [err] for 90 m nutes for adhesion. Then, as shown in Fig.

3C, holes 6 with a diameter of 0.8 mMmmwere drilled, and el ectrol ess plating
was carried out to give conductors 7 havingl@ < hi ckness 25 of 15 [err] as
shown in Fig. 3D. After formng the copper plating coating 7, lLands 2 to be
formed into corehREengl oresample arvhhleiagvoltaggwas mepswredrinf 1.2 mm
were formed around the holes 6. Axghotosen3|t|ve resist film 8 was

| ami nated on t RAAFRFE SURPLRes TR t%‘érE%Etﬁ%’Eemﬂa?‘bFH%gw?ﬁe cEPptP

pl ati ng coatin%yg, and a negative film (not shown in the 5 draw ngs) for
form ng | ands *adhered thereto, followed by exposure to light for

curing. After renoving the negative film uncured portions of the

phot osensitive resist filmwere renoved by devel opnent to formthe resi st
film38. 10 Tpen, as shown in Fig. 3E, the first copper |ayer 5-a
(copper plated |n1T% Tewr] thi ck) and the copper layer 5 of 18 [err] other

than the |langl portion of 'i'lli'fsrﬁ:?éxﬁﬁlé'i@@xﬁ‘@éﬁné&@éﬁé’r#fﬁ@gténl?%gﬂ zme
etching solution. 15 hen, the internediate |ayer of Ni-P alloy

5-b was renovededy3m®i chi ng using an etchlng solution containing nitric acid
and hydrogen peroxi de as nmj or conponent as shown in Fig. 3F. Then, the
cured photosensitive resistmétdln Boidhs5 plesving usi tigree SPaygr structure

as shown in Fig. 3A was prepared. In Fig. 3A, numeral’

5-a denotes a first copper layer having a thickness of 15

10 um, numeral 5-b denotes an intermediate layer of Ni-P

alloy having a thickness of 0.2 pum, and numeral 5-c

denotes a second copper layer having a thickness of 5 um.

A substrate 4 was prepared by bonding the metal
foil 5 to the substrate 4 so as to contact the second

15 copper layer 5-c to the substrate and also bonding a
copper foil 5 having a thickness of 18 um on the other
side as shown in Fig. 3B.

A glass cloth-reinforced fluorine resin prepreg
was used as a material for the substrate 4, and pressed

20 under a pressure of 20 kgf/cm? at 385°C for 90 minutes for
adhesion.

Then, as shown in Fig. 3C, holes 6 with a
diameter of 0.8 mm were drilled, and electroless plating
was carried out to give conductors 7 having a thickness

25 of 15 pym as shown in Fig. 3D. _
After forming the copper plating coating 7,

lands 2 to be formed into conductive terminals and having



20 wei ght NaOH solution to formlands 2 which is to be forned into
termnals. Then, a pattern 3 for current protector was forned. A

phot osensitive film&8 was | am nated using a | am nator. Then, a negative
film(not shown in the 25 draw ngs) havi rg 47r ansparent portions which have
the sane shape as the pattern was adhered thereon, followed 9{ exposure to
light. After re@msiiangteae afedatd vEn ey fraxmadprawnd i \helsd tr et ching,

and peeling of the - 48 - resist filmwere ca%%;ed out tq formth

conductor pattern 3 on tHe Rhpiasensitive igfist &l Saasr ,ir{?rF?cﬁé”l hus
571 cone 5 s the dpicie stacall BY 1P SEp IS L Lraliha AT ddtiges” o
Cottorm n oi) | Bl il TR T, SHLR ALV [ GHJE gt 3" o0
substrate was %ﬂﬁﬁéﬁrﬁ%@&%&%ﬁ% vids talll_ﬁléi?éﬁ YnHetdl® £ Fovad©

as to give indivi chi ps. e current protector chips
]

had a resistangy \&@igesude aRPUli gh30 fdy DMy with scattering of the

resi stance valué within 10% The blowing (clearing) 15 tinmes at the sane
current value was distriafited Wentvink%hdorusgata v Aidubs turatured as shown

in Fig. 4A was prepared by renoving copper |ayers by etching the whole
surfaces portions of the photosensitive resist film were removed
by development ﬁo form the resist film 8.

10 Then, as shown in Fig. 3E, the first copper
layer 5-a (copper plated in 15 um thick) and the copper
layer 5 of 18 um other than the land portion of the
resist film 8 were removed using an alkaline étching
solution. |

15 Then, the intermediate layer of Ni-P alloy 5-b |
was removed by etching using an etching solution
containing nitric acid and hydrogen peroxide as major
component as shown in Fig. 3F. Then, the cured
photosensitive resist film 8 was peeled using a 5% by

20 weight NaOH solution to form lands 2 which is to be
formed into terminals.

Then, a pattern 3 for current protector was
formed. A photosensitive film 8 was laminated using a
laminator. Then, a negative film (not shown in the

25 drawings) having transparent portions which have the same
shape as the pattern was adhered thereon, followed by
exposure to light. After removing the negative film,

development, removal with etching, and peeling of the



20 of a glass cloth-reinforced fluorine resin substrate. Holes 6 having a
dianeter of 0.8 mmwere drilled as shown in Fig. 4B, followed by |am nation
of a photosensitive resist film8 on both sides of.-the substrate, adhesion
of positive type film (not shown in 25 the 48aw ng) for form ng | ands
around the holes 6 on both sides, exposure to |ight and curing. Then,

devel opment wasreshgticfidmt werer ganried-onuy tor fermt thel gegdustorown in

Fig. 4C. After formng the resist film8, electroless plating was carried
out using the fBREBRFRg3cBAPEEEt FBRSLRAER ?ﬁeSFBWPo%Pnglgona tions to form

| ands 2 as shown 5 in Fig. 4D, wherein punmeral 7 _denotes an electrolgss
pl ated coating: [err] Then, on the thus;forped) cppdpptor pattern

30 orr 1) AR 1§ vaad wpesF erRgeed surtace ‘SEopRé BaBRE e 41 oh FiRbEPRRL

of PLaling. s residOPEpsehbibl o8 ThhakNGSACO nPho 8 EbLEY poy cBrhShEl

After peeling t resr st 8, hot o- sénsi fve'resist 8 .
on both sides ofot heyaybebatbd #n280i im ERilRRe85U8naachPEA! iNCahYBEehi | M

for 10 the pattern”(not shown in the drawi ng) was adhered between the
| ands, and on tie o8bet sbgei15amihhbesapabkSrm a silicone protective
film 9 as shown in Fig. 3H.
The resulting substrate was cut with a diamond
10 cutter at the center of the hole 6 so as to give
individual current protector chips.
The current protector chips had a resistance
value of about 190 to 210 m@Q, with scattering of the
resistance value within 10%. The blowing (clearing)

15 +times at the same current value was distributed within

10%.

Example 2
A substrate 4 as shown in Fig. 4A was prepared.
by removing copper layers by etching the whole surfaces
20 of a glass cloth-reinforced fluorine resin substrate.
Holes 6 having a diameter of 0.8 mm were
drilled as shown in Fig. 4B, followed by lamination of a
photosensitive resist film 8 on both sides of the
substrate, adhesion of positive type film (not shown in
25 the drawing) for forming lands around the holes 6 on both
sides, exposure to light and curing.

Then, development was conducted to form a



of exposed to light (not shown in the drawi ng) was adhered on the whol e
surface, followed by exposure to light. 15 After carrying out
devel opnment, resist fi.lns 8 as shown in Fig. 4E were forned. After formng
the resist film@8, the conductor pattern 3 g shown in Figs. 4F and 4G were
formed under the sane electroless plating conditions as described in 20
Exanpl e 1. -rédist Af1Pm 8oppeshoumtimgFighe4phot osensitive resist film$8
was renoved in the same nmanner as described in Exanple 1, followed by
formati on of a silicone phbtertfexming ntie oreshet ubplm Horelectodless
pattern forned surface 5 as shown in Fig, 4H_  Current protector chips
wer e obtai ned #PIFingtWasHCAETHIA Luk woiRg ctike cfobLowtng r FomROs HtERBANpI e

1. The resultin urrent projector chips showed the s esj stance val ues
and o ear i ng. crndet cohe FAllGEiaE FondieioRe So Anen LaRAt Aohe e
protectors ow at_i he ntral high resis C ortion under, gver-current

W t hout fails P g ¢ féw%%ﬁﬁhﬂ ?&W%E%%SPdﬁ?ﬁéﬁ sp?%t%g?%Pgoﬁgﬁgng very
stable clearin C istl¢s. 15 Further, since the blow ng takes place
only at the cegrjﬁ"%?é%iéﬁé#%é Stance portion having a snall area, damages of

the substrate are small and there is no snoking. Further, since the

cl earing charact eri st CusS0gadH,0 10 g/¢,
EDTA+4Na 40 g/t ,
PH 12.3
37% CH,0 3mt/e,
Additives for plating a small amount
solution
Temperature of plating 70°C
solution
Thickness of plated film 5 um

After peeling the resist film 8, a photo-
sensitive resist 8 was laminated on both sides of the
substrate 4 again. On one side, a positive type film for

10 the pattern (not'shown in the drawing) was adhered
between the lands, and on the other side, a film capable
of exposed to light (not shown in the drawing) was
adhered on the whole surface, followed by exposure to
light.

15 After carrying out development, resist films 8
as shown in Fig. 4E were formed.

After forming the resist film 8, the conductor
pattern 3 as shown in Figs. 4F and 4G were formed under
the same electroless plating conditions as described in

20 Exanple 1;



20 be controlled only by changing the resistance val ues of high resistance
portions other than the central high resistance portion, current protectors
for lowrated current type can easily be- designed. Exanple 3 25

A conposite nmetal foil having a three-layer 58t ~ucture 100 as shown in Fig.
6A was prepared. In Fig. 6A, nuneral 101 denotes a first copper |ayer

havi ng a thickness of 2tjesr doppeumwlatingy, ddeotpdiwtosensidiimelizesist

| ayer of Ni-P alloy having a thickness of 0.2 [err], and nuneral 103
denotes a secondiddpfewasayemoyes g henisame mapgiey; as [d@rsrc]rlh:ﬁﬂ:ﬁ-fh

conposite netal f0|I |s dISC| sed 5.in U S. Patent No. 403, 672. The
conposi te netal BRGNP Jﬁﬂ§@Wﬁgzﬁ¥l ‘ﬂb‘?ﬁﬁ% iSO Ryokegtd
contact the sec per er._ta the |nsul rat and

Forl 53 of 10| SHAR hied T8 Spsied. e I & ot ﬁéﬁ%ﬁ%eg

substrate asgsh LS, &
substrat e, glasg&glot reln?§ﬁkég polytetré#?éhroefﬁ§1eﬁgg'Fﬂéﬁeg was used.

The pressing Wa%b%%&‘i';‘é&t %(;Et%tr [c‘%ftrf]lnfgoruﬁ% d“&l%%tdﬂ&j%utacéif ggsure of 20
[err]. 15 Hol es 24 for connecting termnals were drilled as

shown in Fig. GQe@@i—lm,leat im0 PeRsapd@ ri.ed out to formplated coating 25 of
15 [err] thick as shown in Fig. 6D. The first copper layer (and the

previously plated coati ng)rhexcegulitinhg timemnt pidterter oipd shuwed0

termnals was renoved as shown in Fig. 6E using an al kaline etching

solution (an A-Rheceame aemimtancenwalues and clearing characteristics
10 as in Example 1.

The resulting current protectors blow at the
central high resistance portion under over-current
without fail, so that there can be obtained current
protectors having very stable ciearing characteristics.

15 Further, since the blowing takes place only at the
central high resistance portion having a small area,
damages of the substrate are small and there is no
smoking.

Further, since the clearing characteristics can

20 be controlled only by changing the resistance values of
high resistance portions other than the central high

resistance portion, current protectors for low rated

current type can easily be designed.

Example 3
25 A composite metal foil having a three-layer
structure 100 as shown in Fig. 6A was prepared. In

Fig. 6A, numeral 101 denotes a first copper layer having



nfd. by Meltex I'nc.) to formtermnal portions 26. Then, as shown in Fig.
6F, using an etching solution having nitric acid and hydrogen peroxi de as
25 maj or conponents, the internmediate Ni-P alloy | ayer exposed by the
etching of the first copper |ayer was removEHd.-Then, the second copper

| ayer was etched so as 52 to formin parallel a plurallty of rows of a
series of el ectaithicknegacefriSinnerpunenglt 203 danatefeanpintpenediate
alternately (Fig. 6G. _On the surface of the thus treated substrate, a 5
pontetraquoroﬂ%ﬁ?Feﬂ@ Fith phienrhaving) &, thicknges \ghel afﬁm'b§nﬁ|tto

El ect | ndust I t hi,ck 100 d al

ol o5 i n t he. poPtRSHEL cbP¥ cdBbRtRRG tse?am"ﬁé‘ﬁééaz ayahi RAYERS Aot e8seq”
t f 30 t d d
51)-In Fi gs. CREEE BFSnifter apoSh Sororegbife Prel Fbit I8 BidRseRta™
nuneral 28 dgno{gsutge b&ELAE ﬂép}5a€§3ng ral 29 denotes cuttlng Ilnes for

I ndi vi dual current protector "4 15 Usi ng the sane

materials and steps as de@ﬁé'@@ﬂ leEﬁaﬁE£§l3fo§leﬁéé'Béhdé&néécaﬁrs wer e
formed. On the surface of the resultlng substrate, a fi

tetrafl uoroet hyi gge18eihguenpstkaryepdysenas caaowﬁﬁachauhegsacbhuckness of
50 [err] (Afron PFA, a trade 20 nane, nfd. by -Asahi Kasei Kogyo K K.) was
| am nat ed and peeppet hayéertd the BAsulating substrateranduaecoppdf

foil 23 of 18 um thick was bonded to another side of the

10 insulating-substrate as shown in Fig. 6B.

As the material for the insulating substrate,
glass cloth-reinforced polytetrafluoroethylene prepreg
was used. The pressing was conducted at 380°C for 90
minutes under a pressure of 20 kgf/cm?.

15 Holes 24 for connecting terminals were drilled
as shown in Fig. 6C and plating was carried out to form
plated coating 25 of 15 um thick as shown in Fig. 6D.

The first copper layer (and the previously
plated coating) except for the portions to be formed into

20 terminals was removed as shown in Fig. 6E using an
alkaline etching solution (an A-Process, a trade name,
mfd. by Meltex Inc.) to form terminal portions 26.

Then, as shown in Fig. 6F, using an etching
solution having nitric acid and hydrogen peroxide as

25 major components, the intermediate Ni-P alloy layer
exposed by the eﬁching of the first copper layer was
removed.

Then, the second copper layer was etched so as



kgf/ cn2. Conparative Exanple 1 The process of Exanple 1 was repeated except
25 for using a silicone rubber by screen printing in place of the

pol ytetrafl uoroet hylene filmby pressing with - 53 - heating. Exanple 5
As shown in Fig. 7A, a conposite netal fo#l 5218 conprising an al umi num
carrier 111 having a copper layer 5 112 of 5 [err] was prepared. An

i nsul ati ng substePafermsishpamalieli §. p1Bradd tyr ofarowsbptbenserdeshet
conposite nmetal foil to a substrate 22 so as to contact the copper |ayer to
t he substrate, ﬁﬁ??@rﬁsﬁ&iﬁ&nQuEﬁﬁﬁérlP&PFP9§1ﬁSvFﬁ§m&n§éstﬁh@%ﬁ@§§w@ﬁnl8
[err] to another gide g% thz subs%&;te. Then, the alum num carrier was

peel ed of f. The?lGBIPRLPEY24Fi9ed%Rds the same as that used in Exanple 3

dth diti d i | 3 d. 5
Foles Tor conmect ng tor nPRatL8; ghEERek'pE oY Ehds, Ergat2 subitrate, a
ol e onr 6 HE RoFFY. =
o oo Frg 7Bty EBEREE 1K e R Abn O Fn AT I M R 1 BT e R, STk 3R

t hi ck (drawﬂngsnaﬂewﬂﬁgdthsxfﬁiﬁﬁbiﬁmeetr&ba&haas&éihatc%Q,a@%dpqehh%gnwere
omtted). Then, the ultra-thin copper |ayer was etched so as to formin

parallel a plural thyckhek8Wo£0fios ffif a8 aflsel Bavingahotesdiat ehe
I nterposing term nals therebetween -
portions corresponding to terminals was laminated and
pressed at 380°C for 30 minutes under a pressure of 20
10 kgf/cm? (see Figs. 6H and 6I). In Figs. 6G to 6I, numeral
27 denotes the electrical conductor, numeral 28 denotes

the resin film, and numeral 29 denotes cutting lines for

individual current protector chips.

Example 4
15 Using the same materials and steps as described
in Example 3, electrical conductors were formed.

On the surface of the resulting substrate, a
film of tetrafluoroethylene-perfluorocalkoxyethylene
copolymer having a thickness of 50 um (Afron PFA, a trade

20 naﬁe, mfd. by Asahi Kasei Kogyo K.K.) was laminated and
pressed at 340°C for 30 minutes under a pressure of 20

kgf/cm?.

Comparative Example 1
The process of Example 1 was repeated except
25 for using a silicone rubber by screen printing in place

of the polytetrafluoroethylene film by pressing with



alternately (Figs. 7F and 7G . 25 On the surface of the
resulting substrate, Afron PFA filmhaving a thickness of 50 [err] was

| am nat ed and pressed at [err] under a pressure of 20 [err] using - 54 -
a vacuumpress (Fig. 7H. In Figs. 7F to #H53ndneral 24 denotes the holes
for connecting termnals, nuneral 27 denotes the electric conductors, and
nuneral 28 denohestihg.resin film 5 The resulting substrate was
cut with a dianmond cutter so as to. give individual current protector chips.
The .current protectors obtained by Exanples 3 to 5 and Conparative Exanpl e
1 had the electrical _.conductor width of 0.05 mm and a resistance val ue of
10 about 180 [eFFFmpééaPtering of the resistance values was with 10% The

| t f cl ' t est | ed t.hat,. Ki ved .at. t. '
of bl owi ng as 10 {he 15 caP BREVEY GToERors T0F ExTIERETY Bebaly O ity
f 1 2 . i . R f
maki ng the bl onk AAPEERA g, S SLINSh Bl ARITNARAGTS, oohRE” Te¥pr

expl ai ned abgveilbhgfcgrhﬁnuagrgggggg%dghips 20 of the second nodification
are excellent in suppressing ighition and snoking. Further, since a netal

foil having a constant thhaknastlatingeeubaerake! bl sAow A8y Fiy NYELNRd Y

for the electrical conductors, the accuracy of the thickness of the

el ectrical condpetpasedsbgobdnding the composite metal foil to a
substrate 22 so as to contact the copper layer to the
substrate, while bonding a copper foil 23 having a

10 thickness of 18 um to another side of the substrate.
Then, the aluminum carrier was peeled off.

.The substrate 22 used was the same as that used
in Example 3 and the same press conditions as used in
Example 3 were used.

15 Holes for connecting terminals were drilled as
shown in Fig. 7D and a plating resist was formed except
for portions for forming terminals as shown in Fig. 7E,
followed by electroplating to give a coating of 15 um
thick (drawings showing the formation of plating resist

20 and peeling were omitted).

Then, the ultra-thin copper layer was etched so
as to form in parallel a plurality of rows of a series of
electrical conductors interposing terminals therebetween
alternately (Figs. 7F and 7G).

25 On the surface oﬁ the resulting substrate,
Afron PFA film having a thickness of 50 um was laminated

and pressed at 340°C under a pressure of 20 kgf/cm®? using



25 resulting in inproving the conductor wdth accuracy. Thus, the
scattering of resistance values is very reduced and the clearing
characteristics are excellent. Exanple 6 As shown in Fig. 10A, an

i nsul ating substrate was prepared by bond+n$da-ultra-thin copper foil 31 on
one side of a substrate 32 and bonding a copper foil 33 5 having a

t hi ckness of 18a[eachumnpresshéFige déHYt the substrate. As the substrate,

there was used a glass cloth-_ reinforced golytetrafluoroethxlene resin
prepreg, and press condit FBnEige. [ &Ffof 3H, obumieral 24 derpPtesptheshréeso

of 20 kgf/cn® re used. Electrical conductors fornmed by, etching the
uItra-tgin copgg?rfS?Pn?ﬁﬁéPguE?ﬁﬁlﬁa ﬁttEPﬂeﬁﬁifé?ndﬁnﬁFﬁ?a¥pregF°£E%§

conduct or 35 | ReBRREEPRY 18RS abRFrEL 28 0aPRe s FhecReRHRCFRARE), (ri g
10B). Then, foil . 2l '
oropr e 32 vs o nat od Sha BadEay avagtYafclien RES PR RTACaBRAN

The copper foilg,pesp §<|BCQ§dt6°?5é€€‘iié%<)iﬂ{?ﬂ&ﬁ§§Sé‘ﬁfreﬁ{:t %Eaﬁeéﬁoﬂi ¥Ripkght -

20 shielding netal foils 36 (F A pair of substrate 32 having a

copper foil 33 on one sidenhéhenepénrepLotastoatedbbdahadapg nkempeedsWst h
heating (Fig. 10E). Holes 37 for connecting termnals were fornmed 25 (Fig.

10F) and pl ati ngowasandrCompapative Eramppéalchadathegel8chaical a
t hi ckness of 15 [err] (Fig.. 10G).
conductor width of 0.05 mm and a resistance value of
10 about 180 mQ.
| Scattering of the resistance values was with
10%.
The results of clearing test revealed that no
smoking was observed at the time of blowing as to the |
15 current protectors of Examples 3 to 5, bu£ smoking for 1
or 2 seconds was observed under current passing condi-
tions for making the blowing time 30 seconds.or more in
Comparative Examplé 1.
As explained above, the current protector chips
20 of the second modification are excellent in suppressing
ignition and smoking. Further, since a metal foil having
a constant thickness is used when better accuracy is
necessary for the electrical conductors, the accuracy of
the thickness of the electrical conductors is good,
25 resulting in improving the conductor width accuraéy.

Thus, the scattering of resistance values is very reduced

and the clearing characteristics are excellent.



Termnals 39 were fornmed by etching (Figs. 10H and 101). In Fig. 101,
nuneral 40 denotes cutting lines for - 56 - individual current protector
chi ps. Conparative Exanple 2 Using the sane materials and steps as used in
Exanpl e 6, an insulating substrate having-a®Suttra-thin 5 copper foil on
one side was prepared, followed by formation of electric conductors by
etching. Then, BXa8upierfte having a copper foil was |am nated and pressed

with heating, followed by dri]l of holes for connegting term nal s and
plating to give a 10 coabfngheyniin Eig} LBRekapnippBlabing. subgtrate

t I nal f dDb ing. Th h dyced sub I g, EX le 6
and Conpar At | ve"RRaREPENSSHPE ORI 8L ERRT BRE P OPREF o oLhi B, 05
Th I ti ' h |

and the resi ot cie ShifLOETH. Bhnpebie 37, pA KORANEGTS MebblroFol BaTT

val ues was wgt hy % - Thes S~ef 18! B8R hRY e edet no 20
| i ght and ngssngﬁgiﬂg}% ggﬁ???gggiﬁ?E%g ebg 3%8?ﬁ2£b¥§§%ngf &ﬂ%le I n
Conpar ati ve Exaggbst£ata.bright light em ssion fromthe insulating

substrate was observed at the tinme of blow ng. This means that sparks at
the time of blow ng was ohgetNedshbsorgtel hehepeuvaki ageduisylaks. c2bth-

As nmentioned above, by the use of light- shielding nmetal foils, the |ight
enmi ssi on causedréinforced polytetrafluoroethylene resin prepreg, and
press conditions at 380°C for 90 minutes under a pressure
10 of 20 kgf/cm? were used.

Electrical conductors were formed by etching
the ultra-thin copper foil layer using a pattern wherein
a plurality of rows were arranged in parallel, each row
arranging in series electrical conductors 35 interposing

15 terminals 34 therebetween alternately (Fig. 10B).

Then, a copper foil 33 formed on a polytetra-
fluoroethylene resin prépreg 32 was laminated and bonded
by pressing with heating (Fig. 10C). The copper foils
were etched to remove unnecessary portions to give light-

20 shielding metal foils 36 (Fig. 10D).

‘A pair of substrate 32 having a copper foil 33
on one side thereof were laminated again and pressed with
heating (Fig. 10E).

Holes 37 for connecting terminals were formed

25 (Fig. 10F) and plating was carried out to form plate
coating 38 having a thickness of 15 um (Fig. 10G).
Terminals 39 were formed by etching (Figs. 10H and 10I).

In Fig. 10I, numeral 40 denotes cutting lines for



bl owi ng is not observed. Needl ess to say, the current - 57 - protector
Is also excellent in suppression of ignition and snoking. Exanple 7 An

al um num carrier having an ultra-thin copper 5 foil having a thickness of 5
[err] (Fig. 7A) was bonded to a substrate-286on one side thereof, and a
copper foil 23 having a thickness of 18 Eerr] was bonded to another side of
the substrate 2individual)cuxkept pretecternGhiPErri er was peeled (Fig.

7C). As the substrate 22, polytetra- 10 fluoroethyl ene resin prepreg was
used and the pressing conditions were a tenperature of [err], a time of 90
m nutes and a ggessure of 28 %ﬂféc for Iam nation and adhesi on. Holes for
connect i ng t er ntRBPETREFECIFERMBYS(Fig. 7D), followed by formation of a

resi st on non- 15 plationuggé&igﬂg:s gthggeygglgaéhhﬁgFggg b gggﬁ

coating 26 of 15 [err] on term nal portrons and I hol'es. ggttern

for el ectric copguph9bseuasn’ 2hBRYaPYng! clbBEratBChRTLAE AnNAdL2aRlHEA! I 1Y
el ectrical coOn S

of rows of a series 20 of uctors i nterpoSing term na

there- betwegn é‘b%ﬁéﬂafsh! ohl 8fie $EdaNdasreParbls gulhawedt Bg resulting
substrate, a polytetrafluoroethylene resin film (N toflon film a trade

nane, nfd. by NEbimathieftbfceladtgiti abnfactokkdby Baghifga t hi ckness of
100 [err] and 25 al so having holes in the portions corresponding to
term nal s was | am nat ed aRbepyeassdbatrater haring38 coppeesfondewas
pressure of 20 igggLagzgeaﬁgggfeggggngith heating, followed by drill of
’
holes for connecting terminals and plating to give a

10 coating of 15 pum thick in the holes. Then, terminals
were formed by etching.

The thus produced substrates in Example 6 and
Comparative Example 2 were cut to give current protector
chips.

15 The resulting current protectér chips had the
conductor width of 0.05 mm and thé resistance value of
about 180 mQ. The scattering of resistance values was
within 10%.

The results of clearing test revealed that no

20 light and no émoke were admitted in Example 6 at the
blowing, while in Comparative'Example 2, a bright light
emission from the insulating substrate was observed at
the time of blowing. This means that sparks at the time
of blowing was observed through the insulating substrate.

25 - As mentioned above, by the use of light-

shielding metal foils, the light emission caused by

blowing is not observed. Needless to say, the current



- 58 - 7H). Exanple 8 A conposite netal foil 100 having a three-I|ayer
structure as shown in Fig. 6A was prepared. In Fig. 6A, 5 nuneral 101
denotes a first copper |ayer having a thickness of 15 [err], nuneral 102
denotes an internediate Ni-P alloy |ayer hagfng a thickness of 0.2 [err],
and nuneral 103 denotes a second copper |ayer having a thickness of 5
[err]. The conppsdtecteraisfalsowesceédbhentli 10 suppnesasbonrafeighfitdons to
contact the second copper layer to the substrate and a copper foil 23 of 18
[err] thick wasapdnamekinganot her side of the substrate (Fig. 6B). As the
material for the substrate, glass cloth- 15 reinforced

pol ytetrafl uoroet hyl ene resin prepreg was used. The pressing conditions
were the sane as des riged in Exanple 7. Holes 24 for connecting termnals
were drilled (F?ﬁ?mgiﬁ nd plated coating 25 of 15 [err] thick was forned

20 (P19, S0, The 1110 copnesuhfucy (ApdLhontoniots opkatedipoatind) |
o el 18, ot RIS thehiOaghYLLens B (xPECTAT ule! GRS o2
6F, using an etghh8grafblUbhoBnhaNbNgifb! therasky and Aydopper Bei®xhde as
having a thickness of 18 um was bonded to another side of
the substrate 22 (Fig. 7B). Then, the aluminum carrier
was peeled.(Fig. 7C). As the substrate 22, polytetra-

10 fluoroethylene resin prepreg was used and the pressing
conditions were a temperature of 380°C, a time of 90
minutes and a pressure of 20 kgf/cm? for lamination and
adhesion. Holes for connecting terminals were drilled
(Fig. 7D), followed by formation of a resist on non-

15 plation portions. Plating was carried out to give a
coating 26 of 15Ium on the terminal portions and in the
holes.

A pattern for electric conductors was formed by
etching. The pattern had a plurality of rows of a series

20 of electrical conductors interposing terminals there-
between alternately (Figs. 7F and 7G). On the surface.
the resulting substraﬁe, a polytetrafluoroethylene resin
film (Nitoflon film, a trade name, mfd. by Nitto Electric
Industrial Co., Ltd.) having a thickness of 100 um and

25 also having holeé in the portions coriesponding to
terminals was laminated and pressed at 380°C for 30

minutes under a pressure of 20 kgf/cm’ (see Figs. 6H and



-59- mmj or conponents, the internediate Ni-P alloy |ayer exposed by the
etching of the first copper layer was renoved. Then, the second copper

| ayer was etched so as 5 to formin parallel a plurality of rows of a
series of electrical conductors interposi-igh8 esninals therebetween
alternately (Figs. 6F and 6G). On the surface of the thus treated

substrate, a tetHhfl uoroethyl ene-perfl uoroal koxyet hyl ene copol ymer 10 film
(Aflon PFA, a trade nanme, nfd. by Asahi Kasei Kogyo K K. ) having a

t hi ckness of 100 [err] and al so having holes in the portions correspondi ng
to termnals Ianing#ed and pressed at [err] for 30 m nutes under a
pressure of 20 TXFPR*§Fgs. 6H and 61). 15 Exanple 9 In the same manner as

described in Exanple 7, ap é&@#%%{%%gmgggftfgif f@qiggvgﬁgqét#?i%%+g%§§%per

filmof 5 [err] thick on one a copper—fo [er

anot her side ofgd Eﬁ@@tééi$?+£%9%$$%2g7[) was %;?%Fr$9165134FI§%d6%h

connecting termnals were dr and sIst was for

non-pl ated portj@nsraf ol 6 PVEShSYed! 21 £ 8st OcbNEr 21 &PSE | RV g9 a
t hi ckness of 15 [err] on the el ectrode portionhs and Tn the holes. 25

The pattern fortiel@enéssadbs CORGUR] Ofsméibyl NP0 2 h@esab®s SaR PEntérmed Fxeap! es
7 and 8 was formed by etching (Figs. 7E and 7G. On the resulting surface,
a Ni-P alloy layer having a thickness of 0.2 um, and
numeral 103 denotes a second copper layer having a
thickness of 5 ym. The composite metal foil was bonded
10 to an substrate 22 so as to contact the second copper
layer to the substrate and a copper foil 23 of 18 um
thick was bonded to another side of the substrate
(Fig. 6B).
As the material for the substrate, glass cloth-
15 reinforced polytetrafluoroethylene resin prepreg was
used. The pressing conditions were the same as described
in Example 7.
Holes 24 for connecting terminals were drilled
(Fig. 6C) and plated coating 25 of 15 um thick was formed
20 (Fig. 6D). '

- The first copper layer (and the previously
plated coating) except for the portions to be formed into
terminals was removed as shown in Fig. 6E using an
‘alkaline etching solution (an A Process, a trade name,

25 mfd. by Meltex Inc.) to form terminal portions 26.
Then, as shown in Fig. 6F, using an etching

solution having nitric acid and hydrogen peroxide as



- 60 - tetrafluoroethyl ene-ethyl ene copolynmer film(Aflex COP film a trade
nanme, nfd. by Asahi Kasei Kogyo K. K. ) having a thickness of 50 [err] and
having holes in portions corresponding to the termnals was |am nated and
pressed 5 with heating in the sane manner -a§9descri bed in Exanple 7 (Figs.
6H and 7H). Exanple 10 Using a conposite netal foil 100 having a
three-layer str mauon:ecompamtemrtsnorthecllmelm@dllattm@l}@ aloyr dieyexl was
prepared in the sane manner as described in Exanple 8 (Fig.. 12B). Then, the
first copper |apzposed dycdie dchipaciofl ther fiigisd: CHPPEOARYSST A& ni ng

el ectrical conductors and termnals positioned on the sane |level) 15 was
renmoved by et chFREOVEYy. 12C3 Then, the inter- mediate Iayer 102 was

renoved to expose the sec 103 follomed C of the
second copper |ayer to fo &'pl alléénngQEBﬁﬁw¥§¥ 5&?

12D and 12E) » 2 S raty \ -
electric conguct%(?r Sform flé't Pay%gt&regetgh 1g%g QISCS(JyI en copg:\%/rrer%#)%g ?%f I ex
COP film atra ti%% lteG i nfd

of 12 [err], an qﬁh |ns atlng substrate é% F%%nta g ass ?%eah

rei nforced polthkgghhgﬁgge b@nesweghg_%@q Jhaving a copper foil on one
side were | am nated and bonéed 12F) (the filmis omtted in the
drawi ng). The On the surface of the thus treated substrate, a
tetrafluoroethylene-perfluoroalkoxyethylene copolymer
10 film (Aflon PFA, a trade name, mfd. by Asahi Kasei Kogyo
K.K.) having a thickness of 100 pm ahd also having holes
in the portions corresponding to terminals was laminated

and pressed at 340°C for 30 minutes under a pressure of

20 kgf/cm? (Figs. 6H and 61I).

15 Example 9
In the same manner as described in Example 7,
an insulating substrate having an ultra-thin copper film
of 5 um thick on one side and a copper foil of 18 um
thick on another side of the substrate (Fig. 7C).

20 Holes 24 for conﬁecting terminals were drilled
(Fig. 7D), and a resist was formed on non-plated
portions, followed by plating to give a coating having a
thickness of 15 um on the electrode portions and in the
holes.

25 The pattern for electrical conductors having
the same shape as in Examples 7 and 8 was formed by

etching (Figs. 7E and 7G). On the resulting surface, a



- 61 - pressing conditions were a tenperature of [err], a time of 30

m nutes, and a pressure of 20 [err]. Holes 24 for connecting termnals were
drilled in the resulting lamnate (Fig. 12G, conductors 25 were 5 forned

in the holes by plating (Fig. 12H), and cen@Qc#ive term nals 26 were forned
by etching (Fig. 121). Conparative Exanple 3 A glass cloth-reinforced

pol yt et r af | uor otetraflunroetbyienadetbydeneacorrdymey £d3med Afdiexs COR bot h

10 sides thereof ;was subjected to drillipg of holes fqQr_connectin

terminals, etchfidMofai k&adforamear pfdes by A8REL-EpSeL FSHN?,KpFéSreatnent
f plating, d | electri | ati to d Lt in. 5

hi k- ness. - ThERVI89,8: EBLRKRERSoPESP] L A00nATLRs ARASSL 35 BARSIBY
t chi in th . d i bed_i. I .1 :

Si 11 cone rubber SURESEBPRERagr £ Bhe, SoemuirTentRe: sl PR LR SRR eBesedne
oh q ; _ . : . : b

hus, Broduced CHEERNhoREShECH iU BanbChdni:) A3UBRCRILEADSH Bilhple 7
center of the hekegsfogncanaeqlhng termnals to give a nunmber of current
protector chips. Each current pgotector chip had a conductor wi dth of 0.05
mm and the resistance val ue of about 180 25 [err]. The scattering of

resi stance values was within 10%in Exanples 7 to 10, but was over 30%in
Conparative Exéidpie 10

Using a composite metal foil 100 having a
three-layer structure, a metal foil-clad insulating

10 substrate 21 was prepared in the same manner as described
in Example 8 (Fig. 12B).

Then, the first copber-layer 101 except for
special portions (portions for forming electrical
conductors and terminals positioned on the same level)

15 was removed by etching (Fig. 12C). Then, the inter-
mediate layer 102 was removed to expose the second copper
layer 103, followed by etching of the second copper layer
to form a plurality of electrical conductors 27 (Figs.
12D and 12E).

20 The resulting insulating substrate having
electric conductors, a tetraf1uoroethylene;ethylene
copolymer film (Aflex COP film, a trade name, mfd. by
Asahi Glass Co., Ltd.) having a thickness of 12 um, and
an insulating substrate made from a glass cloth-

25 reinforced polytetrafluoroethylene resin and having a
copper foil on one side were laminated and bonded

(Fig. 12F) (the film is omitted in the drawing). The



Exanple 3. Further, in the clearing test, no snoke nor spark were admtted
in Exanples 7 to 10, but snoking for 1 to 2 seconds was observed in
Conpar ati ve Exanpl e 3 under the conditions of making the clear time 30
seconds 5 or nore. The current protectorss @D <sanples for each Exanpl e,
were subjected to the heat cycle test at -400C and [err] for 1000 cycles.
After the test,Preesingingenditienssvenecavbenperatupe oft 280°Goos| hime
Exanples 7 to 10, and no di sconnecti on was observed. In nparative Exanple
3, disconnecti Pt val BEPRERE AN} @ BEAPFESS @Rd2@VESE{ Fihot dlsconnected

t he resi stance val ue chan ed re menti one

by tPF fourth nodificati oR® ?ﬁe? rkabl%%“%%?E}ﬂ%dt%ﬁm+%$i bV%F%c?B%liﬁ ps
reléfieabie{'itt'y”f SUBR ER3! Aeel11.99! 14800 PR o VLRI LIBE RN s ers
el et 11 0 Curgentor 20, BATMLE i e BPOUTLLINE! By d 4%y gﬁ?cog}?éisb&ﬁ Bk ke

foil 100 havin copper ayer an 1n erned ate

| ayer 102 of Nlté’naiﬁ&ys%sowsréef&mé&l & Eng CERLY. . COPPS! | ayer 103 of
5 [err] thick was prepared T e second cOpper layer of the

conposite netal foil was bonded to one side of an insulating substrate 42
and a copper foil 43 of 18 [err] was al so bonded to anot her - 63 - side
of the substrat@omsasdbive i Exdmple 13B.

A glass cloth-reinforced polytetrafluoro-
ethylene resin-made substrate having copper foils on both
10 sides thereof was subjected to drilling of holes for
connecting terminals, etching of the whole surfaces of
the copper foils, pretreatment of plating, and panel
electric copper plating to deposit copper in 5 pm thick-
ness. Then, a pattern for electrical conductors was
15 formed by etching iﬁ the same manner as described in
Examples 7 to 9. Then, a silicone rubber was screen
printed to cover the electrical conductors.
The thus produced current protector chip-
holding insulating substrates obtained in Examples 7 to
20 10 and Comparative Example 3 were cut at the center of
the holes.for connecting terminals to give a number of
current protector chips.
Each current pfotector dhip had a conductor
width of 0.05 mm and the resistance value of about 180
25 mQ.
The scattering of resistance values was within

10% in Examples 7 to 10, but was over 30% in Comparative



As the material for the substrate, a glass cloth-reinforced

pol ytetrafl uoroet hyl ene resin prepreg was used. The pressing conditions
were a tenperature of 5 [err] a time of 90 m nutes and a pressure of 20
[err]. As shown in Fig. 14C, unnecessary po62iens of the first copper |ayer
were renmoved by using an etching solution (A Process, a trade nane, nfd. by
Mel tex Inc.) toExampleedri nBisther,1dn the clearingi hgstm BocAmAkesBPyLi on

containing nitric acid and hydrogen_ peroxi de as_maj or conponents, the
i nt er nedi at e |a§5¢rbx\se§edaﬁl§ut‘éﬁévan Exampies; FSFOCéBpePuFawpkms £ekoved

Fi 14D). The secon r . was etched sp as_15 t rmin
e giler oy p|ur§|F?y oFSFS “GprebEeq: ia) CoRPRLatL¥a  BrARDLE 5

LQLE{F?ﬁQ“EU??rﬁﬁg t@?y%gﬁﬁéffag Br rhSTAR.Epd Fheflr ki aMoeaSBade

foil 43 were bo w th heating at [err] for 40 m nutes under a
pressure of err? Fig. 14F). Holes 47 for connecting termnals were

drilled (Fig. 14G) and pl@ﬁsdcﬁeﬁéhegﬁrééeeﬁoéé [ 86T bakpiek wBE€chenmed by
plating (Fig. 14H). 25 Termnals 44 were formed by etching (Fig.

141). Then, a VpkamgPe)owel@PbuBfetfelotd EREShehtt eyblaateseoatecagdci n
series through current protectors to pass an electric current of 1.2 A for
60 seconds. 8rd As28°Cefort 1000i gitleacant spaces 49 between

After the test, the change of resistance value

10 was within 10% in Examples 7 to 10, and no disconnection
was observed.

In Comparative Example 3, disconnection was
generated in 4 samples, and even if.not disconnected, the
resistance value changed remarkably.

15 As mentioned above, by the fourth modification,
there can be obtained current protector chips excellent
in suppression of ignition and smoking, having improved

reliability for a long period of time, and able to be

blowed even at low electric current.

20 Example 11
As shown in Fig. 14A, a composite metal foil
100 having a first copper layer 101 of 15 um thick, an
intermediate layer 102 of Ni-P alloy of 0.2 um thick and
a second copper layer 103 of 5 um thick was prepared.
25 The second copper layer of the composite metal
foil was bonded to one side of an insulating substrate 42

and a copper foil 43 of 18 uym was also bonded to another



t he polytetrafl uoroethylene resin filmand the electric conductors were
admtted (Fig. 14J). Exanple 12 5 The process of Exanple 11 was
repeat ed except for using a tetrafl uoroethyl ene-perfl uoroal koxyet hyl ene
copolymer film (Aflon PFA film a trade nan&3 #fd. by Asahi Kasei Kogyo

K. K.) having a thickness of 100 [err] in place of the :

pol ytetraf | uor oei#g| efiethespnbstratasas sgowo EaBdge 14Band changing the
pressing conditions to a tenperature of [err], a tipne of 30 mnutes and a
pressure of 20 [err]. . AftBf B%s?ﬁ@eﬁhaélé@?r#@ecﬁFPéﬁFaBP'1a29%PF§r 60

ds, sligh b 15 the PFA fil dth
ol eotribal condiObRarathEnE B PP LY T RE L UPEREE E;anﬁfagilﬁxaﬁ%p%“eﬂ was
t ed t 2 I
2 Exapl eeiéeﬁa‘s'!‘?rep%%@eﬁa%ééi‘;%f‘&? %ﬁéot%ﬁé%%?ﬁf&? e8/ 8. Foh E%%??E%?W e

thus.prOdgce%xcyé?eEt1§rei@8t8£ §g Hlnggégl 'ngkéééﬂg H?S?bak

obtained in Reference

were cut at the center onghgthhe§nf§% cogﬂectﬁﬂﬂe&ggg59§IEo}glghgeog
nunber of current protector chips. Each®current protector chip had a

conductor 5 w dtheofiBsScoppandisper’eetret 2emeviadl b9 @6iagosh &8Bhing

solution (A Process, a trade name, mfd. by Meltex Inc.)
to form terminals 44.

10 Using an etching solution containing nitric
acid and hydrogen peroxide as major components, the
intermediate layer exposed by removal of the first copper
layer was removed (Fig. 14D).

Then, the second copper layer was etched so as

15 to form in parallel a plurality of rows of a series of
electrical conductors 45 interposing terminals 44
therebetween alternately (Fig. 14E).

On the resulting surface, a polytetraflucro-
ethylene resin film 46 and a copper foil 43 were bonded

20 with heating at 380°C for 40 minutes under a pressure of
20 kgf/cm? (Fig. 14F).

Holes 47 for connecting terminals were drilled
(Fig. 14G) and plated coatings 48 of 15 um thick were
formed by plating (Fig. 14H).

25 Terminals 44 were formed by etching (Fig. 14I).

Then, é voltage was applied to both ends of
terminals connected in series through current protectors

to pass an electric current of 1.2 A for 60 seconds.



[err]. After subjecting to the clearing test, 20 sanples of Exanple 11 and
20 sanpl es of Exanple 12 showed the resistance val ue of 10 negohns or nore,
and al nost on 10 the order of gigaohm In Reference Exanples 1 and 2, the
resistance value after the clearing test was4ia the range of 50 kilohns to
500 nmegohns. No ignition nor snoking were observed in 15 Exanples 11 and
12, and Reference Exanpl edslaands@ltpssdighti wadanbospacesedfi betiween

nodi fication gives excellent insulation properties after blowing as well as
excel l ent in supbpeBelvhebrafinprerebhyhenensreiy. fEkmnpnd theoglectric

As shown in Fig. 17A an insulating substrate 120 having a ultra-thin
copper foil of SOPERFFOrH; ¥RI8nadmettede (BhE-altddper foil of 18 [err]
thick on the other side was prepared. As the naterial for the substrate, a
gl ass 25 cloth-reinforced pol ytetrafluoroethyl ene resin prepreg was used
and the pressinﬂxgﬁgggtigns were a tenperature of [err], a tinme of 90

m nutes, and a pressure of 20 - 66 - [err]. A pattern for electrical

oL 5%, e Y ShEpagake! U Phiprb D, GAEPEEREALEa, TyEopel o1
i nterposing terpbpahsindOat oL PREI UELBthyPERBLBLY £ilibBoalkBkyethylene
copolymer film (Aflon PFA film, a trade name, mfd. by
Asahi Kasei Kogyo K.K.) having a thickness of 100 um in
place of the polytetrafluoroethylene resin film used in
ld Example 11 and changing the pressing conditions to a
temperature of 340°C, a time of 30 minutes and a pressure
of 20 kgf/cm?. |
After passing an electric current of 1.2 A for
60 seconds, slight vacant spaces were admitted between

15 the PFA film and the electrical conductors as in Example

11.

Reference Example 1
Example 11 was repeated except for not passing

the electric current.

20 Reference Example 2
Example 12 was repeated except for not passing

the electric current.

The thus produced current protector chip-

holding insulating substrates obtained in Examples 11 and



On the other hand, a two-sided copper-clad |am nate (substrate 121) nade of
a glass cloth-reinforced pol ytetrafl uoroethylene resin was subjected to
etching of 10 whol e surfaces of both sides, followed by | am nation of a

t et raf | uoroet hyl ene- et hyl ene copol yner 122 @Al fex film a trade nane, nfd.
by Asahi dass Co., Ltd.) having a copper foil 130 on one side thereof on
both sides of tR&,sapsk Reference, kxappdes dgaad Leierer sutzgthithe cent®er
15 a pressure of 20 [err Fig. 17C). Hqles 160 for form ng vacant spaces
were drilled (a°§i 5#5 &Pllf. 2 £pR) copngoting) texmdrals Eop@éver & pumbsy GoF
both sides were renoved by _etching,t.o give an insulating material having
hol es for forni MYFFEL nPréGe %ﬁ@éghﬁﬁﬁg. 17E). The substrate having the

el ectric conductors (Fig. l,.n i i al_ shavi | es
(Fig. 17E) and an insul at F%éﬁéFg%%%#g:dzgggeg%%ﬂ%gﬁh g‘?ﬁ- %r éz:ag'ijrz%g

pol ytetrafl uar ogt e eizN AN ayi et hail k3 xSl de
wer e | am nat gd g’%@*gr ggsgd%vs\ﬁt %ggt ?{:ﬁ%g(‘%séét%%% %ﬁgﬁlgso%%b?%}o&%os
connecting termggal s were drilled, followed by formation of a plated
coating 180 of 15 [err] thick in the holes (Figs. 17G and - 67 - 17H).
Term nal s 190- were fornedafyeet shibjectiing. tb/ithe cleapliagl4dst, 20

Using the sane materials (e.g. Fig. 18A wherein nuneral 140 denotes
ultra-thin coppermpdels, ofufzamplé3dl and 20 samples of Example 12 showed
the resistanée valué_of 10 megohms or more, and almost on
10 the order of gigaohm.
In Reference Examples 1 and 2, the resistance
value after the clearing test was in the range of 50
kilohms to 500 megohms.
No ignition nor smoking were observed in
15 Examples 11 and 12, and Reference Examples 1 and 2.
As explained above, the fifth modification

gives excellent insulation properties after blowing as

well as excellent in suppression of ignition and smoking.

Example 13 _

20 As shown in Fig. 17A, an insulating substrate
120 having a ultra-thin copper foil of 5 um thick on one
side and a copper foil of 18 pum thick on the other side
was prepared.

As the material for the substrate, a glass

25 cloth-reinforced polytetrafluoroethylene resin prepreg

was used and the pressing conditions were a temperature

of 380°C, a time of 90 minutes, and a pressure of 20



denotes a copper foil, and nunmeral 120 denotes a substrate) and the steps
as in Exanple 13, a pattern for electrical conductors 150 and termnals 140
(Fig. 18B) 10 was fornmed on insulating substrate. On the other hand, a

gl ass cloth-reinforced polytetrafl uoroethyl €ae-resi n-made | am nate havi ng
copper foils on_both gides thereof was drilled to form holes 160 (di aneter
1.2 mm for forhgﬁécmacant spaces, followed by 15 renoval of the copper
foils by etching to give an insulating material having the holes (Fig.

18C). The insul ating subsfr Re&teys ﬁﬁ#iﬁéeﬁﬁ€léﬁécFPPgSFt96ﬁdUé§o ermsd

t hereon; the ingul ati material 121 having the vacant .spaces 161 therein
covered 20 wi { RYactERLas, Bbr bOEnYRERE-EhAM EREPEOp AP tor - TRRPESNCRR | ex
film a trade n , Jid. .Asahi ass - Jktd. ) of 1 LI, hi ck, and a
polytetrafluoroggﬁyﬁeﬁgufgiﬁﬁ§ngaeg%ﬁéungﬁnﬁgﬁfs%eofzg%ﬁggfﬁga copper
foil 130 on gne,§| e LBal.e S 30 25
m nut es unde? acgrgggﬁpggo?gggg?gf%?gkggg.@fg%$PBE§Iggglgke%gpg%g%%ébting
term nals were giggkﬁgtgﬁ&g(FiéE)i7§9Llomed by formation of plated coating
180 - 68 - of 15 [err] thick (Fig. 18F) and formation of term nals 190
by etching (Fig. 18G. ExefipthelstAegOnnad!a Ewbabitied caﬁ-geisci_hﬁwn in
Fig. 19A 5 having a first copper |layer 211 of 15 [err] thick, an inter-
nmedi ate | ayer 2l18mbhable- Psabsbyaté 022)[ made blfii akgdadsaciethraedafpeced

| ayer 213 of 5 [err] thick was prepared.
polytetrafluoroethylene resin was subjected to etching of

10 whole surfaces of both sides, followed by lamination of a
tetrafluoroethylene-ethylene copolymer 122 (Alfex film, a
trade name, mfd. by Asahi Glass Co., Ltd.) having a
copper foil 130 on one side thereof on both sides of the
substrate 121 and pressing at 280°C for 30 minutes under

15 a pressure of 20 kgf/cm? (Fig. 17C).

Holes 160 for forming vacant spaces were
drilled (a2 diameter 1.2 mm) (Fig. 17D), and the copper
foils 130 on both sides were removed by etching to give
an insulating méterial having holes for.forming vacant

20 spaces (Fig. 17E).

The substrate having the electric conductors
(Fig. 17B), the insulating material having the holes
(Fig. 17E) and an insulating plate made of a glass cloth-
reinforced polytetrafluoroethylene resin and having a

25 copper foil 130 on one side were laminated and pressed
with heating (Fig. 17F). Holes 170 for cdnnecting
terminals were drilled, followed by formation of a plated

coating 180 of 15 um thick in the holes (Figs. 17G and



An insul ating substrate having the conposite netal foil on one side so as
to contact the second copper 10 |ayer to an substrate 220 and a copper foi
230 of 18 [err] on the other side of the substrate was prepared (Fig. 19B)
The | am nati on and bondi ng conditions were bfe-sane as those of Exanple 17
(see Fig. 17A). Special portions (for formng termnals 240) 15 were
renmoved from thd7H)rst copper |ayer by etching (Fig. 19C). Then, the
internedi ate | ayer was renoved to expose the second_ copper |ayer, followed
by formation of a pIuraIi??rﬂﬂnéﬂécﬂgpcw@6ﬁdﬁ@F@?@ byoenghdnghi ng of the
second copper |ayer (Figs. 19D and 19E). 20 On the other hand, a
gl ass cloth-rei 69ce&7gdrytetrafluoroethylene resi n-nmade substrate 220
havi ng hol es 260 for form ng vacant spaces was prepared (Fig. 19F). The

i nsul ati ng substrate having el ectrical 25 conductors 250 thereon, the
Substrate havinExPﬁhgg Pgr form ng vacant spaces and covered with a

tetrafl uoro- ethylehe-efhylene copolyner film221 of 12 [err] thick - 69

- (Alex Tilg) atrade nagsingl dnebbasahineBrdslsCRe. okt k.01 HOWRSTESS

thereof, and an insul ating matferial 222 having a coppér foil 230 on one

side thereof wepfimb2alnageddeaodest alesdhuthihheoppees £6ai1NJ npaekiloNagd over
5 the electrical conductors, respectively, and bonded at [err] for 30

m nut es under adphesesra ebpper| €oill,( And nhBEralHaROs d@nGtker aconnect i ng
termnals were drilled -
substrate) and the steps as in Example 13, a pattern for
electrical conductors 150 and terminals 140 (Fig. 18B)
10 was formed on insulating substrate.

On the other hand, a glass cloth-reinforced
polytetrafluoroethylene resin-made laminate having copper
foils on both sides thereof was drilled to form holes 160
(diameter 1.2 mm) for forming vacant spaces, followed by

15 removal of the copper foils by etching to give an
insulating material having the holes (Fig. 18C).

The insulating substrate 123 having the
electrical conductors 150 thereon, the insulating
material 121 having the vacant spaces 161 therein covered

20 with a tetrafluoroethylene-ethylene copolymer film 124
(Aflex film, a trade name, mfd. by Asahi Glass Co., Ltd.)
of 12 pum thick, and a polytetrafluoroethylene resin-made
insulating plate 123 having a copper foil 130 on one side
thereof were laminated and pressed at 280°C for 30

25 minutes under a pressure of 20 kgf/cm? (Fig. 18D).

Holes 170 for connecfing terminals were drilled

(Fig. 18E), followed by formation of plated coating 180



in the resulting lam nate (Fig. 19H), followed by plating 10 (Fig. 19l
nuneral 280 denotes a plated coating) to form ing conductors in the holes
and formation of termnals 290 by etching (Fig. 19J). Reference Exanple 3
The process of Exanple 14 was repeated exee8 5 for not form ng holes for
vacant spaces in the substrate. The thus produced current protqptor'gﬂ%y-

hol di ng | ani nat @f Jif amddiick HFeg dSF)3 andl fiormat i afe tarninahs

were cut to give a nunber of current protector chips. 20 Each
current protect ¥ GHPIREG FiGnmdfBor width of 0.05 nm and the resistance
val ue of about 180 [err]. After subjecting to the clearing test, 20 sanples
of Exanple 13 and 20 sanples of Exanple 14 showed 25 the resistance val ue
of 10 negohns Olg Se al nrost on the order of gigaohm In Reference
Exanmpl e 3, the resl srance val ue - 70 - after the clearing test was in

obser ved i n Exanpl oo 13 t & TOTERT Y Bic, B D 3 SO h WS, 198
ment i oned ab@/e,habrxiﬁggraﬁmst&@d@@tl%%latof 83 tunf Ak | héh aliicdFl C
conductors, the reliability is inprovedfor a long period of tine and the
i nsul ation resi sfediicad dyeh Af3 &f btiow RQL1IKIPIE ZLum thick and a
second copper layer 213 of 5 um thick was prepared.
An insulating substrate having the composite
metal foil on one side so as to contact the second copper

10 layer to an substrate 220 and a copper foil 230 of 18 um
on the other side of the substrate was prepared (Fig.
19B). The lamination and bonding conditions were the
same as those of Example 17 (see Fig. 17A).

Special portions (for forming terminals 240)

15 were removed from the first copper layer by etching
(Fig. 19C). Then, the intermediate layer was removed to
expose the second copper layer, followed by formation of
a plurality of electric conductors 250 by etching of the
second copper layer (Figs. 19D and 19E).

20 On the other hand, a glass cloth-reinforced
polytetrafluoroethylene resin-made substrate 220 having
holes 260 for forming vacant spaces was prepared
(Fig. 19F).

The insulating substrate having electrical

25 conductors 250 thereon, the substrate having holes for

forming vacant spaces and covered with a tetrafluoro-

ethylene-ethylene copolymer film 221 of 12 um thick



10 An insul ating substrate (Fig. 20A) was prepared by bonding a
ultra-thin copper foil 51 of 5 [err] thick on one side of a substrate 52
and a copper foil 53 of 18 [err] thick on another side of the substrate. As
the material for the substrate, a glass cl-ot8®% rei nforced pol ytetra- 15
fluoroethyl ene resin prepreg was used and the pressing conditions were a
tenperature of [(@flex £ilme aftrarinanes nide Ppr SHSDERyf /LW ) A
pattern for electrical conductqrs was foaged by etcthg of the, tifithin
copper foil. ThehRAE Bideshdhersain A19 Ptk rakeria s

el ectrical condyctors 55 interposi. m nal s 54, t her.ebet ween al t ernat e
(Fig. IZOB) . The 1H&dt%td rf{;o tf‘%{’trhg ﬁl% %}%&Jr‘#%aﬁh%%%c‘fﬁ% t her eon?/

and a glass cl ot el Ml el 25 ol figallmongel dy IS SUIPdEeg over

substrate havi nga copper oh one’ 'side ereot. were a

tetrafluoro-eqh ggggﬁy r dd X LI dd <3 Bl
name, nfd. b? A)S{J_ﬁee ass léir)g.’j', ‘ﬁdﬂéﬁf% [er rﬁé%%ﬁif%'nf%%n%%é‘?ra}g?hi s
case, in order tapgl Y2530 Wi BRES I HddOTd iﬁ&sﬁr&fof hep liegd rahe (1. e.
the portions to be fornmed into electrical conductors and therearound), a 5
netal plate 56 havigg 1sdes was used (Fig. 20C, the resin filmof 6
[err]Jthick being omtted). Holes 58 for connecting termnals were drilled
(Fig. 20D, followed by f@Hoks @VEOIfgd addathesing thitialsd yere |dLEi Ded
20E). 10 Termnals 60 were forned by etching (Fig. 20F).
in the resulting laminate (Fig. 19H), followed by plating
10 (Fig. 19I, numeral 280 denotes a plated coating) to form-
ing conductors in the holes and formation of terminals

290 by etching (Fig. 19J).

Reference Example 3
| The process of Example 14 was repeated except
15 for not forming holes for vacant spaces in the substrate.
The thus produced current protector chip-
holding laminates obtained in Examples 13 to 15 and
Reference Example 3 were cut to give a number of current
protectof chips.

20 Each current protector chip had a conductor
width of 0;05 mm and the resistance value of about 180
me.

After subjecting to the clearing test, 20
samples of Example 13 and 20 samples of Example 14 showed

25 the resistance vélue of 10 megohms or more, and almost on
the order of gigaohm.

In Reference Example 3, the resistance value



Exanpl e 17 A conposite netal foil having a first copper layer of 15 [err]
thick, an internediate |ayer of Ni-P alloy of 0.2 [err] thick and a second
copper layer of 5 [err] thick 15 was prepared. An insulating substrate was
prepared by bonding the conposite netal feilF0se as to contact the second
copper layer wth one side of a substrate, and bonding a cogper foil of 18
[err] thick to afiteKethe gdearingetestswpst int #henranges afe SOakidohms to
described in Exanple 16, Then, the first copper |ayer was renoved (the
shape being the> anBeQQhWﬁ *Fig. 20A), followed by reanaI of the

I nternedi ate | ayer to expgﬁe .the _second c secand_copper

Iaygr was subjected to et CHi 8“25198 PBFnFQBEFHHa FF? 8ES§F3 Fgal
t th h th T | at
Cobstrare havi nEXaRBIeR 130 tb"1s°308 R3sefehed: §"gﬁ‘§}so§ecl)32?’e3 wh a
f fl - | |
pair of a tegrafluoro Etﬂ%;ﬁgﬁtggﬂéh 0982?5¥”?Ferrk g ¢Ak %é hk”‘ a

trade nane, nfd. by Asah t hi ck a gl ass

cloth-reinforcedpnebyt atr itehw aebnuerfer @ab&tr&cbaaaau%%%br attﬁehaw ng a
copper foil on one side thereof were | am nated under a netal plate for

pressing havi ngreoiabidatys iBoimpeopedsfolrha ipag perpodt ogntime ahe the
| ami nate, while adjusting the positions of the electrical conductors and
the hol es in thénpundasiong mesdstphateislbibhl bdivved bjoprimgsi ng at [err] for
30 minutes under a pressure of 20 kgf/cnR (see Fig. 200).
Example 16
10 An insulating substrate (Fig. 20A) was prepared
by bonding a ultra-thin copper foil 51 of 5 um thick on
one side of a substrate 52 and a copper foil 53 of 18 um
thick on another side of the substrate.  As the material
for the substrate, a glass cloth-reinforced polytetra-
15 fluoroethylene resin prepreg was used and the pressing
conditions were a temperature of 380°C, a time of 90
minutes and a pressure of 20 kgf/cm?.
A pattern for electrical conductors was formed
by etching of the ultra-thin copper foil. The pattern
20 had a plurality of rows of a series of electrical
conductors 55 interposing terminals 54 therebetween
altérnately.(Fig. 20B).
The insulating substrate having electrical
conductors thereon, and a glass cloth-reinforced
25 polytetrafluoroethylene resin-made substrate having a
copper foil on one side thereof were laminated via a

tetrafluoro-ethylene copolymer film (Aflex COP film, a



The resulting | am nate was subjected to drilling for formng holes for
connecting termnals, plating for form ng conductors in the holes and
etching 15 for formng termnals. Reference Exanple 4 The process of
Exanpl e 16 was repeated except for not usi-nglthe netal plate for pressing
havi ng hol es. The thus produced current protector chip- 20 hol ding

| ami nat es obt ai rrarhiden nEnew Indkl .1 dydsatii GlaseGarondddaiamt & 4methict
to give a nunber of current protector chips. Each current protector chip

had a conduct or anditersted oFnmifd qafe » dt Qrdake tmnet @regspheso 25
[err]. The scattering_of resistance valyes was within 10% _After subjecting
fo the clearing SRESLALPATEIS T Yo FhA LARLNARP 20 Snmiilie RATEACHR P 17
showed - 73 .t resj stance .val.ue of. 10 hns_ or e nd a st_on
t he order of gi é’fo%mﬁ‘# ﬁéﬁ:ec’r e%‘i'teec%?aqﬁ% & E&e"ﬁsesﬁ%méer%axf% A%f’[ &t
the clearinggde S | iy g h .

I gnition nor 5tsm) elt% lrgt}t%g’s%?{\%gﬁnﬁ] @aér%pl es 1 éz?ni“%%o'an e;ﬁé}%%sm
Example 4. As nmentipRad @by &on ik Bd (ﬁ,{ichcfgdf.al conductors have spaces

or non-adhesion portions wth 10 regard to underlying substrate, there can
be obtained current proteddlies ITPB1E Ednhat RGP Bernind 1y Rid¥e alectrdsal
conductors and reliability for a |long period
(Fig. 20D), followed by formation of plated coating 59 of
15 pm (Fig. 20E).

10 Terminals 60 were formed by etching (Fig. 20F).

Example 17

A composite metal foil haﬁing a first copper
layer of 15 um thick, an intermediate layer of Ni-P alloy
of 0.2 um thick and a second copper layer of 5 um thick

15 was prepared.

An insulating substrate was prepared by bonding
the composite metal foil so as to contact the second
copper layer with one side of a substrate, and bonding a
copper foil of 18 um thick to another side of the

20 substrate in the same manner as described in Example 16.
R Then, the first copper layer was removed (the
shape being the same as in Fig. 20A), followed by removal
of the intermediate layer to expose the second copper
layer. The second copper layer was subjected to etching
25 to form a plurality of electrical conductors (the shape
being the same as in Fig. 20B).

The insulating substrate having electrical



of time, and are high in insulation resistance after bl ow ng. - 74 -
WHAT IS CLAIMED I S: 1. A current protector conprising an organic
resin-made insulating substrate, a pair of conductive termnals formed on
both ends of the insulating substrate, and a2 el ectrical conductor for

el ectrically connecting the termnals, said electrical conductor including
one or nore fusiconducitors themeon icoveredn wiltd ﬁn@@ﬁ&tbﬁgas¢§mﬂ&ﬁlﬂqnﬂ}
made of a metal |ayer having a thickness of 3 to 8 err].

current prot ect &thydesedietdviene sopolymarefdilm émlé“rr @sﬁﬁﬁﬁje

I nsul ating substrate |s nade from.an_organic resin and a_einf rCIn%EFh@

material, said S°PP&ni & I@éﬂaﬁ’@ $lesdo Sore M0 12, jMp

material being h%?% Clo&g'Fﬁ ) %o&ggg§5§$%qgroe€ﬁ§fg%g:xpgquptor
according to O rFF%

pol ytetrafl ugr Ogﬁge a®'3abs ?Ir%% J t%h*lﬁ%g%%% %*J%i' o o%%o%ﬂéeﬂcheaceof

tetrafl uoro- ne- per oroa € copolyner, m xt U

thereof. 4. werep‘l%&lﬁh"a@edp h?lh%ii (ar n@a‘i:%‘ir H13dd For! gix@sjsz. ‘?fa‘%‘ﬁ

el ectrical conductor has a resistance value in the ran of 80 to 30

[err]. 5. hode8UsCRls Rc}! ¢t ?ge%%CQ;'H@ Rpecd ad i‘idft&odéh%rfe'ﬁhé he

termnal has a thickness of 10 to [err] . A current protector
according to O damihatehekdiinet bdjolsting thle posdtdons Evithe @ ldttddtrds

of 3 conductors and the holes in the pressing metal plate,
10 followed by pressing at 280°C for 30 minutes under a
pressure of 20 kgf/cm? (see Fig. 20C).
The résulting laminate was subjected to
drilling for forming holes for connecting terminals,

plating for forming conductors in the holes and etching

15 for forming terminals.

Reference Example 4
The process of Example 16 was repeated except
for not using the metal plate for pressing having holes.
The thus produced current protector chip-

20 holding laminates obtained in Examples 16 and 17 and
Reference Example 4 were cut to give a number of current
protector chips.

Each current protector chip had a conductor
width of 0.05 mm and the resistance value of about 180
25 m2. The scattering of resistance values was within 10%.
After subjecting to the clearing test, 20

samples of Example 16 and 20 samples of Example 17 showed



to 8 [err] has a thickness accuracy within 5% with regard to the average
val ue. 75 - 7. A current protector according to Caim1, wherein
the electrical conductor is formed on the insulating substrate and has
three or nore odd nunber of high resistanee7portions fornmed by narrow ng
the width of electrical conductor, and | ow resistance portions connecting

t he high resistbtheergsistance vaipecofvifymegnhmgf orhmongghandspdmaséeon
portions being positigned in the center of the electrical conductor and the
rest of the hi ghhPeQFrdesnet gb8aPBBs bei ng positioned symetri- cally with
regard to the central high resistance ﬁorti

. . 8. A t
protector according to O &PnRPISRABFE; x?ﬂﬁggeﬁfrﬁpehfﬁﬁlfégﬁé%SQEéuﬁortion

has a resistanc | ug, of 20 to 40% t he tot resistancec-ual u f e
i gh rest st anceaBbRF| Ene. cfeakng teg B 1R Sher EBREH"BECSYOKIIOS R
7, wherein egchsbgg@e Sfilhst ance portion has a width of 30 to 70 [err] and a
| ength of 100 to 30 ?err ; and each |ow resistance portion has a w dth of

150 to 200 [err] and a |eﬁ8tﬂgﬁitggﬁ h8r4gﬁok§ﬁ§]we%@-observeé_iﬂrrent
protector according to daim11, wherein the curfrent protector is in the

formof a chip, Eaaflples ebeshdi ¢3! af@NHEEbOente kabfmpdeon.the insul ating
substrate and covered with a fluorine resin |ayer having a thickness of 40

to 200 [err]. 11. Aasumentionedt abboe, abgomdkifgt el€cairical wherein
the current protector is in the formof a chip
- conductors have spaces or non-adhesion portions with
10 regard to underlying substrate, there can be obtained
current protectors improved in accuracy for forming
electrical conductors and reliability for a 1ohg period

of time, and are high in insulation resistance after

blowing.



and the electrical conductor is fornmed in the insulating substrate and
sandwi ched by a pair of light-shielding 1111211 1121111 121111 11111111111

- 76 - nmetal foils. 12. A current protector according to daiml,
wherein the current protector is in the ferifdof a chip and the insulating
substrate is made froma fluorine resin; and when the el ectrical conductor
is formed on t h@BATsdSaClAdMERHIErtate, it is covered with a fluorine resin.
13. A current protector according to Cdaim1l, wherein the current

protector is inlthe form & SHTERME BXOTRCHIEFOTOEAELNTs 8o PRIF™ME ween t he

el ectrical conductor and the resin_|aye | aced thereon. 14, . A
current prot ect 5F538cBREEn TS EF&H% PhﬁﬁéP En&3dr énf0898FE§ﬁ6% is in
the form of & cRlRy30d1ENeehanl hCalorORNE! A ihel QRIRG AN NE | Nsul ating
substrate and a vacait space’ Is orne& at” 'east” a portion around the

el ectrical condyghgh rheebeahldSal eddctrical ép&ﬂ&%?%%b?E&g%ﬁ%ﬁﬁﬁ?%%gﬁgi”9

to aim1, wherein the furrent protector is Int t he

el ectrical condgghfechkingd thRa¢erRiindl139Nsaddneleetriehlll @dnduldtoregard to
the underlying insulating substrate. 16. A process for producing the

current protect @hcdiid@ng one0orvhiotle Casiblecdinke,sfeRmed indor on the
drilling holes for connecting termnals in an organic resin-made insulating
substrate on botithsmildtingf substrate and made of a metal layer having a
thickness of 3 to 8 um.
2. A current protector according to Claim 1,
wherein the organic resin-made insulating substrate is
made from an organic resin and a reinforcing material,
said organic resin being a fluorine resin and said
reinforcing material being glass cloth or glass paper.
3. A current protector according to Claim 2,
wherein the fluorine resin is polytetrafluoroethylene, a
tetrafluofoethylene-ethylene copolymer, a tetrafluoro-
ethylene-perfluoroalkoxyethylene copolymer, or a mixture
thereof.
4. A current protector according to Claim 1,
wherein the electrical conductor has a resistance value
in the range of 80 to 300 mQ.
5. A current protector according to Claim 1,
wherein the terminal has a thickness of 10 to 50 um.
6. A current protector according to Claim 1,
wherein the electrical conductor having a thickness of 3

to 8 ym has a thickness accuracy within i5% with regard

to the average value.
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which netal foils are clad, one of the netal foils having a thickness of 3
to 8 [err], b. formng a plating resist on portions of the - 77 -

i nsul ating substrate other than portions for formng termnals, c.

pl ating inside of the holes for connecting 7&rminals and the portions for
formng termnals to a necessary thickness, d. peeling the plating
resi st, e. Fermi ng andecumrgytr prptectpr accordipgn§o flpdmaliel a

plurality of rows of a series of electrical conduyctars interposing
term nal s t her cHBEREAR EbecpAgcEmicas Gﬁ§d§FG€roFstﬁ@rmﬁgupﬁtFﬁﬁ substrate

by etching the petal foil haying the thick f 3 to 8 -

Covering At | cadhomhatans: FhbetEAtocPBA, PABAEREBRIGE BPESCER HOPRER: Ofe
inin 40 to 20 . _Lhi . | £ af 1

ol es for connehtohg FPErREARFE BEriBRk dormed Y, badbhilfe” BReTuiBon F

chi ps, each chi Bll%g‘éﬂ&aio%H‘&hb‘é‘éﬂ,i&ﬁhﬂ%@v i—%sr Qtt-.ﬁng@d?oir%ti%%o””em ed by

the el ectrical conductor. process for producing the current

protector of O abfhdtit ¢ReCRIBH $88ikRANTLEROreiond, respdiddibelg hol es
for connecting termnals™in an organic resin-nmade insulating substrate on

both sides of wbhehoffethk hdghsrasgsthnde poritéans bedngl polsd tienald fia | s

conprising a first copper. | ayer having a thickness
the center of the electrical conductor and the rest of
the high resistance portions being positioned symmetri-
cally with'regard to the central high resistance portion.
8. | A current protector according to Claim 7,
wherein the central high resistance portion has a
resistance value of 20 to 40% of the total resistance
values of the high resistance portions.
9. A current protector according to.claim 7,
whérein each high resistance portion has a width of 30 to
70 pm and a length of 100 to 300 um, and each low
resistance portion has a width of 150 to 200 um and a
length of 200 to 400 um.
10. A current protector according to Claim 1,
wherein the current protector is in the form of a chip,
and the electrical conductor is formed on the insulating
substrate and covefed with a fluorine resin layer having
a thickness of 40 to 200 um.
11. A current protector according to Claim 1,
wherein the currént protector is in the form of a chip
and the electrical conductor is formed in the insulating

substrate and sandwiched by a pair of light-shielding

[



of 10 to 50 [err] an internediate |ayer of nickel or nickel alloy having a
thickness of 1 [err] or less, and a second copper |ayer having a thickness

of 3to 8 [err], and said - 78 - second copper |layer contacting with the.
i nsul ating substrate, b. pl ating insi&e76f -t he holes for connecting
termnals to a necessary thickness, c. . renmovi ng special portions of a
plated | ayer an#etgd £OidE copper | ayer, d. renovi ng the internediate

| ayer to expose_the second copper |ayer, forn1ng i'n parallel a
plurality of rod2-of a sefi & n@l@ﬁﬂﬁ%ﬁ% éﬁﬁ&ﬁ

t s th b t t t el f th bstrate b
ctening the scoSRELeaRpane Spmrey Srahergoy Lo in B%K?e?ff%agasf“ﬁifaaae e’
surfaces of the gleg g,té (e iQRUYE Yobaliolll R o YLD I St 200

[err], and ¢ ng thé ee hol es tor connec g erm nal s

S0 as' to give ar@%mer 2Bl GHIE el IR CaN R RADE I Jﬁaed"%n the

conductive term nal's ‘at both ends i nterconnect by the electrlca

conductor. 18. jinsulahiRig0&RbBtraie) QG Gdvieeedl Wit aP'fiRAigle Of C aim
11, which conprises the steps of: a. form ng an article having

electrlcal conduelsinhs Whi ch are forned by etching one of netal foils clad
on both sides of an insulating substrate, b. | am nating the article
havi ng el ectri cadl3. A current protector according to Claim 1,
wherein the current protector is in the form of a chip
and a vacant space is formed between the electrical
conductor and the resin layer placed thereon.
14, A current protector according to Claim 1,
wherein the current protector is in the form of a chip
and the electrical conductor is formed in the insulating
substrate and a vacant space is formed at least a portion
around the electrical conductor to be fused.
15. A current protector according to Claim 1,
wherein the current protector is in the form of a chip
and the electrical conductor has a space or a non-
adhesion portion with regard to the underlying insulating
substrate.
16. A process for producing the current protector
of Claim 10, which comprises the steps of:
a. drilling holes for connecting terminals in an
organic resin-made insulating substrate on both sides of
which metal foils are clad, one-of the metal foils having

a thickness of 3 to 8 um,

b. forming a plating resist on portions of the

L]



conductors, a fluorine resin-made prepreg or a fluorine resin-nmade film

and a netal foil, followed by adhesion so as to have the netal foils at the
out nost surfaces, - 79 - c. renoving the netal foils of the '
resulting | anm nate except for special porti @ds=by etching to form
light-shielding nmetal foil portions, d. | am nating the etched article,
a fluorine resi Anfadatpngppulssrager pberné&hpasparivigest frx foFmiadnet al
foil, followed by adhesion so as to have the netal foils at the outnpst
sur f aces, e. tegmippilig hol es for connecting ternminals, f. conducti ng

plating so as to have conduyctors i.n_the hal for.conpnecting terninals, g.
f or mi ng conductivecterningﬁgkbygefgﬁﬁ §,°§ngﬁﬁ. °leschFiﬁ8 RETHF er of

the holes for cgggﬁihk@%iéﬁﬁnkﬂél§o§%agﬁftgogi¥8rﬁiﬂ#”Q3%mg%P%g;%§2%

protector chips, €ac avi ngrconducti ve"term nals a

interconnected Ryc-LBe eehk bkgbggonductor. 19. A process for
produci ng the curFentag&btector g ‘T aim11, which conprises the steps of:
a. form ng an atticlepagyhﬂ? ehecpiaeahgCerEYskQr s on one side by
etching of one of metal foils clad on an insSulating substrate, followed by

formation of a |ight- shi gbgmiggmahakbtthihgoreghgiher side of the article,
b. formng a light-shielding netal foil by etching one of netal foils
cl ad on anot her inful ati nformbaygr dheparadiled anpilasaldtyngfsubsisr afeahavi ng
a light-shielding netal foil on one side, "
series of electrical conductors interposing terminals
therebetween alternately on one side of the insulating
substrate by etching the metal foil having the thickness
of 3 to 8 um,

g. covering at least the surfaces the electrical
-conductors with a fluorine resin in 40 to 200 pm
thickness, and

h. cutting the center of the holes for connecting
terminals so as to give a number of current protector
chips, each chip having conductive terminals at both ends
interconnected by the electrical conductor.

17. A process for producing the current protector
of Claim 10, which comprises the steps of:

a. drilling holes for connecting terminals in an
organic resin-made insulating substrate on both sides of
which metal foils are clad, at least one of the metal
foils comprising a first copper layer having a thickness
of 10 to 50 um, an intermediate layer of nickél or nickel

alloy having a thickness of 1 um or less, and a second

copper layer having a thickness of 3 to 8 um, and said

.




C. | am nating a netal foil, the article having the Iight-shielding
metal foil on one side and the electric conductors on another side, and a
fluorine resin-nmde - 80 - prepreg or a fluorine resin-made film and
the insul ating substrate having the |ight-sfBeding netal foil on one side,
foll owed by adhesion so as to have the nmetal foils at the outnost surfaces,

d. drillingsesions fceppsshdeyemgondiaatiag with the dagulatdnan nat e,
e. conducting_plating so as to have conductors in the holes for
connecti ng t er nishRsErate, form ng conductive term nals by etching, and

g. cutting the _center qf .t.he holes for nect.i erm nal s so as to
gi ve a nunber of ca'rent ?S'@t G A e dss © feé:g’r‘f’ g}‘ﬂlﬁﬁ%ﬁ e
termnals at bo i_nt.er co h trlcal conductor 20

A process for pro 2191 (j}st tﬁ% c%ur;l‘r%%%tS%%I?/ tthi (;%rk(?1 CSCI aim 12, which conprises
the steps of: a. form 0 FegelcTo TFTel i o

et ching one of net aI foil g:’é%‘ogrdﬂg" nge' 13613: uor| ne reS|l§d3}r%% and

i nsul ating substehal 1,33 ¢opfed! 1aQdr 0 be etched haV| ng a thickness of 3

to 8 [err], b. l'am nating an artlcle having the el ectrical conductors
thereon, a fluoring,resi nrE@deriRige RY iMteInidditideN A ayRit RdTRspddd heand a
net al f0|I fol |l owed by adhesion, c. drilling holes for connecting

termnals, d. secondddoppey Mayenng so as to have conductors in

e. forming in parallel a plurality of rows of a
series of electrical conductors interposing terminals
therebetween alterately one side of the insulating
substrate by etching the second copper layer by etching,

f. covering at least the surfaces of the
electrical conductors with a fluorine resin in 40 to 200
um, and

g. cutting the center of the holes for connecting
terminals so as to give a number of current protector
chips, each chip having conductive terminals at both ends
interconnected by the electrical conductor.

18. A process for producing the current protector
of Claim 11, which comprises the steps of:

é. forming an article having electrical conductors
which are formed by etching one of metal foils clad on
both sides of an insulating substrate,

b. laminating the article having electrical
conductors, a fluorine resin-made brepreg or a fluorine
resin-made film, and a metal foil, followed by adhesion

so as to have the metal foils at the outmost surfaces,
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the holes for connecting termnals, e. form ng conductive term nals by
etching, and f. cutting the center of the holes for connecting - 81
- termnals so as to give a nunber of current protector chips, each chip
havi ng conductive termnals at both ends #n?&rconnected by the el ectri cal
conductor. 21. A process for Rroducing the current protector of Caim
12, which conpriseS+the sEEEeVeng khe metpd, fpidsyof| the xesudsingmmde

' | at i b bot h si f i¢ch metal fojls .clad, at | t
one of tha not aleROPRES BREREE) AGTasPRFeR L. BRFELORSy Y RECAAT: ton oFtoas

f 10 to 50 | nt di at b ek i.ckel all I havi
?hicknegs Of[frFépbﬁaghgﬁiégﬁggﬁgggig§8§ d%§ESB§P%Va§erO%aV?¥Sra ?K:ggngss
of 8 to 8 lerr], sgid secondifapagh LALCL-EARLAGLHIGIY, (] EiGokasy aling
substrate, b. . etching € specral portron of the fi'rst copper 1ayer, c.

removi ng the i ngggrRdiale b%&ﬁEePOOQXQoiﬁubgﬁnéeEﬁgﬁngﬂBB%rf&ﬁ%ﬁrad@ a
formng a plurality of eleCtrical conductors on one side of the insulating

substrate by etpbtag EbelsecendoweAPBy hakesiod so asl 86 hakeNghanmethilc! e
having the electric conductors thereon, a fluorine resin-nade prepreg or
fluorine resin- fadésf akmthenduemostakutdiakcesf,ol | oned by adhesion, f.

drilling holes for connecting termnals,
e. drilling holes for connecting terminals,
f. conducting plating so .as to have conductors in

the holes for connecting terminals,

g. forming conductive terminals by etching, and

h. cutting the center of the holes for connecting
terminals so as to give a number of current protector
chips, each chip having'conductive terminals at both ends
interconnected by the electrical conductor.

19. A process for producing the current protector
of Claim 11, which comprises the steps of:

a. forming an article having electrical conductors
on one side by etching of one of metal foils clad on an
insulating substrate, followed by formation of a light-
shielding metal foil on another side of the article,

b. forming a light-shielding metal foil by etching
one of metal foils clad on another inSulating substrate
to give an insulating substrﬁte having a light-shielding
metal foil on one éide,

C. laminating a metal foil, the article having the
light-shielding metal foil on one side and the electric

conductors on another side, and a fluorine resin-made

e
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g. conducting plating so as to have conductors in the holes for
connecting termnals, h. form ng conductive termnals by etching, and

- 82 - 1. cutting the center of the holes for connecting termnals so
as to give a nunber of current protector ehig@s~ each chip having conductive
termnals at both ends interconnected by the electrical conductor. 22.

A process for ppeepregyorna@ dluominepmeisdor-madel fGllai,mai@] the dnssdgdringes
the steps of: a. drilling holes for connecting termnals in a fluorine
resi n- made i nsulsabstaaseh having m%d{w@-@é@%ﬁm setadt £°1f10|qls one

cl ad, one of the netal f0|Is haV|n a thi ckness of to 8 [err],

form ng a pl ati Fddeesifs: eSO &9 R8Ity Mﬁj’%d’&q mt@]otf(%‘rlsc han
portions for fo%g: g con uctlve t m nals, and plating the conductlve
termnals and i A%i d&SoPYHIE S, AT e':f’necessary t hi ckness, c. forn1ng

by et ching the met 8" 1 oi | CRATAS REXEH dokecrfecy g %%Fmrha“%o s ©

t he Ianinatez Fesulﬁiﬁ Tdmldé%% surface of electric conductors mnth a
fluorine resin [ayer dutting the center of the holes for

connecting term nabs SO a%o&ﬁtﬂ:'t\i@lga;ﬂlé'ﬂlﬂ @o @Y RN haiedIRiRIctdPsPSn
each chip having conductive termnals at both ends interconnected by the
el ectrical condgdeOholes for connecting terminals,
f. : forming conductive terminals by etching, and
g. cutting the center of the holes for connecting
terminals so as to give a number of current protector
chips, each chip having conductive terminals at both ends
interconnected by the electrical conductor.
20. A process for producing the current protector
of Claim 12, which comprises the steps of:
a. forming a plurality of electrical conductors by
etching one of metal foils clad on both sides of a
fluorine resin-made insulating substrate, said metal foil
to be etched having a thickness of 3 to 8 um,
b. laminating an article having the electrical
conductors thereon, a fluorine resin-made prepreg or a

fluorine resin-made film, and a metal foil, followed by

adhesion,
c. drilling holes for connecting terminals,
d. conducting plating so as to have conductors in

the holes for connecting terminals,
e. forming conductive terminals by etching, and

£. cutting the center of the holes for connecting
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23. A process for producing the current protector of Caim12, which
conprises the steps of: a. drilling holes for connecting termnals in a
- 83 - fluorine resin-made insulating substrate on both sides of which
netal foils are clad, at |east one of the-nBlat foils conprising a first
copper layer having a thickness of 10 to 50 [err], an internediate | ayer of
ni ckel ‘or ni cketexhinglRasPngsatehgéneesdsnumber| ofr pugrenssprofegt@rsecond
copper layer having a thickness of 3 to 8 [err] said second copggr | ayer
contacting wi t hchiBsynearht FhiPshaying: eonductiveptgrmigailsspde both; gads
hol es for connectingFterninals to ne essanéa hi ckness, et chi ng

speci al porti oniPEPTERBNGFELEANRY| Lher elRgEEREaL; FOP BSﬁBEﬁIIayer, d.

' the i di ate_l t t.he. d I )
form ng a plurafity of ol BcbFPEarScERa, beanucsRicRHe, Faeesny, REBtratorne
resin-made | nsubg! bigsFURSLT ghechy cBhERIBES! BiespEaRd gERPer laver, f.
covering the surfaces of "efectirc conductors wth afluorine resin |ayer,

and g. cuttingathe Ce@&ﬁhiﬁ% EhflﬁekiﬁefQESEﬁﬂﬁﬁaéiEﬁsh@éﬁ&ﬁ%'s SO as
to give a nunber of current profector chips, each chip having conductive

termnals at boghibggatenbfir beRAcsiadsbyft iRiehembthtalfos28dHEEOELads- at
A process for producing the current protector of Caim 13, which conprises
covering el ectrleaktconducfothewnbbad fotilbycogpiésing ay€irsanpbpperyg a
layer having a thickness of 10 to 50 um, an intermediate
nickel or nickel alloy layer having a thickness of 1 um
or less, and a second copper layer having a thickness of

3 to 8 um, said second copper layer contacting with the

insulating substrate,

b. etching the special portion of the first copper
layer,
c. removing the intermediate layer to expose the

second copper layer,

d. forming a plurality of electrical conductors on
one side of the insulating substrate by etchihg the
second copper layer,

e. laminating an érticle having the electric
conductors thereon, a fluorine resin-made prepreg or

fluorine resin-made film, and a metal foil, followed by

adhesion,
£. drilling holes for connecting terminals,
g. conducting plating so as to have conductors in

the holes for connecting terminals,

h. forming conductive terminals by etching, and

_
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resin, or aresin and a reinforcing material, and form ng a vacant shape by
passi ng a predeterm ned anount of current for a predeterm ned tine through
the electrical 1111111 111211 11121 11111 111111 - 84 - conductor

bet ween the el ectrical conductor and the evé®2 y ng resin |ayer. 25. : A
process for producing the current protector of Caim 14, which conprises
the steps of: a. 1. forniawtting he iaentsir @fedhe dwlenfeteomnegting
etching one of netal foils clad on both sides of an organic resin-nade

i nsul ati ng substtenals Fh@ASItF give @ famhan&f KRETRM e RIAESHQE of 3

to 8 [err], b. . form ng anat her i.,nsul ati pg substrate havin oles fo
o e vhsant Shigsy Gath S Rawide sendidive eimigne M 1o 4l
i nsul ati ng subst.,rate havi . RlLural ity of electric onductors, the

i nsul at i ng subsﬁng:teércr?é\ﬂe%%ﬁ)é‘s %ﬁb%%rr‘?d:a\cllacc ad‘%cgté)fe's, and an

i nsul ati ng subs t e havi [ [ t

| nsul ating substyate having & JiRldl 4l loiRline s |AELRA YhAtedtbr

adj ust the position of the nmng va spaces an

el ectrical condyg N %yind QLﬂ,Q‘Qﬁﬂ.éhy %{i{;ﬁl% the steg'dfNg holes for

connecting termnals in the resulting’l amnate, e. conducting plating
so as to form condyctors iditing o RA dePrf 30 HHfld A f [frdinald -in a
form ng conductive termnals by etching, and g. cutting the center of

the holes for c@Elveaiing deyifi-fidde InAQdting \Gubstrate oot r<ikies of
protector which metal féils are clad, one of the metal foils having
a thickness of 3 to 8 um,

b. forming a plating resist on portions of the
insulating substrate other than portions for forming
conductive terminals, and plating the conductive
terminals and inside of the holes to a necessary
thickness,

c. forming a plurality of electric conductors on
one side of the insulating substrate by etching the metal
foil having the thickneés of 3 to 8 pm formed on the
laminate, o

d. covering the surface of electric conductors
with a fluorine resin layer, and

e. | cutting the center of the holes for_connectiné
terminals so as to give a number oflcurrent protector
chips, each chip having conductive terminals at both ends
interconnected by the electrical conductor.

23. A process for producing the current protector

of Claim 12, which comprises the steps of:

a. drilling holes for connecting terminals in a
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chi ps, each chip having conductive termnals at both ends interconnected by
the el ectrical conductor. 26. A process for producing the current
protector of C aim 14, which conprises the steps of: - 85 - a.

form ng an organic resin-nmade insulating sul8st ~ate on both sides of which
netal foils are clad, at |east one of the netal foils conprising a first
copper | ayer ha\flmgminemnﬁaimade limsud agiirige ebs tara tientasy hatilmtsides lof
or nickel alloy Iayer haV|ng thickness of 1 [err] or less, and a second

copper | ayer ha¥hi§ Soﬁ"@ tqalasi:[ &ty |Least; d’%(ﬂfﬂdﬁftﬁ)ﬂtﬁi}a ayer

fg;;?ctl'ng W th_t mﬂ&lng:sul atl: Stélé,}_ltratel ) 15[(}rerro!@g he flrst cogger

I : lit f el d {0 f
the 1 hsui ati ng e@“&[ﬁga Rl L e §1ér° ”f%er R45H ng
anot her insul atijg ?’%Vﬁtge hq._\ﬁ nré%gs ff qr r'i'B'Péz?t RGgLAC %Dascenaw b

pr edet er m ned place an1na | i'ng Subs

plurality of el 6&aha§%&g%% d%ﬂéég'd¥3§“$§ﬁf%&?|§¥id“£%¥¥#31

for form ng vacant "space an |nsulat|ng substrate having a met
on one side theiRPpeO 1ayer0 cAMtATL i wARH HY iHs 1 ik Sudstirdtd M ng
vacant spaces and the el éctrical conductors, followed by adhesion, g.
drilling holes for bionnectpglatingy inzdlde iof the holes for connecting

terminals to a necessary thickness,

c. etching special portions of the plating layer
and the first copper layer,:

d. removing the intermediate layer to expose the
second copper layer,

e. forming a plurality of electrical conductors on
one side of the fluorine resin-made insulating substrate
by etching the second copper layer,

f. covering the surfaces of electric conductors
with a fluorine resin layer, and

g. cutting the center of the holes for connecting
terminals so as to give a number of current protector
chips, each chip having conductive terminals at ﬁoth ends
interconnected by the electrical conductor.

24, A process for producing the current protector
of Claim 13, which comprises covering electrical
conductors with a overlying resin layer comprising a
resin, or a resin and a reinforcing material,. and forming
a vacént shape by passing a predetermined amount of

current for a predetermined time through the electrical
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resulting |am nate, h. conducting plating so as to formconductors in
the holes for connecting termnals, i. form ng conductive term nals by
etching, and - 86 - . cutting the center of the holes for
connecting termnals so as to give a nunbesr 8#f -current protector chips,
each chip having conductive termnals at both ends interconnected by the
el ectrical condusmgluctdr betweenA hre cdsetimircadr arhmsiuntarheansdirphent
protector of Caim 15, which conprises the steps of: a. formng a
plurality of el &veulyding giefida dayeas. et ching one of metal foils clad on
bot h sides of. an _organic resin-nmade insulating substrate, said netal foi
to be etched haddrg a thi &iEescess £ar RXqAGHNg (Fhe cuingRt REGHPIIRY

i nsul ating substrate having electrical conductors theregn, an insulating
mat erial, and aorééall”bﬂr}l,' S ChiSRMRTIF a5 NS SRR Rf Substrate havi ng

I I cal d h . | £.Q1 | - | |.at | '
andpresei ng Tor  adiasi on A RS A of ST v DI By

hol es s0 as N0l QLS HADERRAA! RAMY Uhd ©n bor!didddIbAMAes o

connecting termnals 1I"'n the resulting |amnate, d. conducti1 ng plating

so as to form Copdamli®’ Srdgin-Madligsd1¥t TR MMBdtEateE B metl foil
formng conductive termnals by etching, and f. cutting the center of

the holes for caoneRt idt@HeY Mavdny 0 E dhals/ of NWHE aif, current
protector b. forming another insulating substrate having

holes for forming vacant spaces in predetermined places,

c. laminating the insulating substrate having a
plurality of electrical conductors, the insulating
substrate having holes for forming vacant spaces, and an
insulating substrate having a metal foil on one side
thereof so as to adjust the posiﬁion of the holes for
forming vacant spaces and the electrical conductors,
followed by adhesion,

d. forming holes for connecting terminals in the
resulting laminate,

e. conducting plating so as to form conductors in
the holes for'connecting terminals,

f. forming conductive terminals by etching, and

g. cutting the center of the holes for connecting
terminals so as to give a number of current protector
chips, each chip having conductive terminals at both ends'
interconnected by the electrical conductor.
26. . A process for producing the current protector

of Claim 14, which comprises the steps of:
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chi ps, each chip having conductive termnals at both ends interconnected by
the el ectrical conductor. 28. A process for producing the current
protector of C aim 15, which conprises the steps of: - 87 - a.
form ng an organic resin-nmade insul ating suBState on both sides of which
netal foils are clad, at |east one of the netal foils conprising a first
copper |ayer having-.a thi feradngoan] @rgani¢ fresipn-made insadadiiage ni ckel
or nickel alloy layer having a thickness of 1 [err] or |less, and a second
é‘#ﬂ}’l,@éﬁa&%ﬁ

copper |ayer ha®PR§txatRi ern®S$hopidegoof W agepFdad rapdy
contacting wth_the insulating substrate, .Db. renovi ng .t.he first copper
| ayer, c. r ¢RBFEngnenOFi r Fedrdt &£oridPe COMPTIINge & - r8&c GHPPEFpper

o ouo PR A bl cBheB B 19, SO o WSl
(e U 21 1 bRk BOIORE SAIGY hiTlr AMIGHPL® AIEASYS B8 1

substrate havi ngreheghl,i aak a0Bdechar & eqRyeRd ndviBig?la idlilekndsdd of
insulating material, and pressing for adhesion"the |amnated materials

using a plate hgvieagshphgs sa@dasedohdt eoppess lajersRenitalctiokht with the
drilling holes for connecting termnals in the resulting |lam nate, g.
conducti ng pl at iingudatdagt substratepductors in

b. removing the first copper layer,

c. removing the intermediate layer to expose the
second copper 1ayer,.

d. forming a plurality of electrical conductors on
one side of the insulating substrate by etching the
second copper layer,

e. forming another insulating substrate having
holes for forming vacant spaces in predetermined places,

f. laminating the insulating substrate having a
plurality of electrical conductors, the insulating
substrate having holes for forming vacant spaces, and an
insulating substrate having a metal foil on one side
thereof so as to adjust the position of the holes for
forming vacant spaces and the electrical conductors,
followed by adhesion,

g. drilling holes for connecting terminals in the
resulting laminate,

h. conducting plating so as to form conductors in

the holes for connecting terminals,

i. forming conductive terminals by etéhing, and
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the holes for connecting term nals, H. form ng conductive term nals by
etching, and i. cutting the center of the holes for connecting
termnals so as to give a nunber of current protector - 88 - chips, each
chi p having conductive term nals at both end i-nterconnected by the

el ectrical conductor. :

j. cutting the center of the holes for connecting
terminals so aé to give a number of current protector
chips, each chip having conductive terminals at both ends
interconnected by the electrical conductor.

27. A process for producing the current protector
of Claim 15, which comprises the steps of:

a.  forming a plurality of electrical conductqrs by
etching one of metal foils clad on both sides of an
organic resin-made insulating substrate, said metal foil
to be etched having a thickness of_3 to 8 um,

b. laminating the insulating substrate having
electrical conductors thereon, an insulating material,
and a metal foil, or laminating the insulating substrate
having electrical conductors thereon and a metal foil-
clad insulating material, and pressing for adhesion the
laminated materials using a plate having holes so as not
to press the special portions,

c. drilling holes for connecting terminals in the
resulting laminate,

d. conducting plating so as to form conductors in
the holes for connecting terminals,

e. forming conduqtive terminals by etching, and

£. cutting the center of the holes for connecting
terminals so as to give a number of current protector
chips, each chip having conductive terminals at both ends
interconnected by the electrical conductor.

28. A process for producing the current protector

of Claim 15, which comprises the steps of:
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- 87 -

a. forming an organic resin-made insulating
substrate on.both sides of which metal foils are clad, at
least one of the metal foils comprising a first copper
layer having a thickness of 10 to 50 um, an intermediate
nickel or nickel alloy layer having a thickness of 1 pm
or less, and a second copper layer having.a thickness of
3 to 8 um, said second copper layer contacting'with the
insulating substrate,

b. removing the first copper layer,

c. removing the intermediate layer to expose the
second copper layer,

d. forming a plurality of electric conductors on
one siée of the insulating substrate by etéhing the
second copper layer,

e. laminating the insulating substrate having
electrical conductors phereon, an insulating material,
and a metal foil, or laminating the insulating substrate
having electrical conductors thereon and a metal foil-
~clad insulating material, and pressing for adhesion the
laminated materials using a plate having holes so as not
to press the special portions,

f. drillipg holes for connecting terminals in the
resulting laminate,

g. conducting plating so as to form conductors in
the holes for connecting terminals,

h. forming conductive terminals by etching, and

i. cutting the center of the holes for connecting

terminals so as to give a number of current protector
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- 88 - .
chips, each chip having conductive terminals at both ends

interconnected by the electrical conductor.
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