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A MICRO-CHIP FUSE AND METRHO
MANUFACTURING THE SAME

The present invention relates to a micro-chip fuse
and the method of manufacturing'the same, the micro-chip
fuse being utilized for surface mounting on a printed board

by using a metallic film as a fusible element.

In recent years, a control unit for an electric
appliance in which a fuse is_ingorporated has been
miniaturized to a great extent and in line with this
tendency of miniaturization, the fuse has been miniaturized
as well. In the case of a fusible element made of a
metallic wire, there is a limitation in the technique in.
itself of producing a fuéible fine wire. Thérefore, as to
a micro-chip fuse to be applied to a surface mount on a
printed board, a fusible elemeﬂt comprised of a metallic
film adhered to the surface of the main bédy made of ceramic
material has been proposéd. An example of sﬁch a fusible
element is disclosed in the official gazette of Japanese
Patent Laid-open No. 5-166454.

Fusion of a fuse will result from the balance between

~.s&the heating wvalue generatgd at the fﬁsible element and the

heating value radiated from the fusible element. For this
reason, the best construction to keep the pre-arcing time
current characteristic of a fuse to be uniform is such a

»

construction_in'which the fusible element does not contact

other portions of a fuse than the electrodes.
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fuse being utilized for surface nounting on a printed board - by using a

metallic filmas a fusible el ement. 10 In recent years, a
cohtrol unit for an electric appliance in which a fuse is incorporated
has been . mniaturized to a great extent and in line with this
tendency of mniaturization, the fuse has %&en mini aturi zed as well.

In the case of a fusible el enent_nade of a 15 netallic wire, there is a
liqitation in the PedHGTRERIP fuse s &Rt 4i° {i% 'Jw’i’ge”é’er‘ﬁﬁybpcg‘%i ne

V#DLﬁt Ige;efeoxrtee’fngsl. thoeat dué' trcr)i C1:>re0i_n_cghiéax‘cfruesmee]:[yo sl?neal%.p%.lr{ L a surface
Furthermore, since the fuse as disclosed in a prior art is
so constructed that a fusible element is in contact with the

5 main body and ofher'portions, the heat generated at-the
fusible element way escape from the portions in contact with
thé fusible element. Also depending on the structure of a
printed board on which_a chip fuse is to be surface—mountéd,
the heat generated at the printed board may be conducted to

10 +the fuse, resulting in a change of the characteristics of
the fuse. In such a case,,thé inherent characteristics of
the fuse cannot be kept, resulting in possibility of damage

to the'printed board in the worst case.

15 An object of the present invention is to prdvide a
micro-chip fuse for a surface mount on a printed board and
the method of manufacturing the same, the fuse being capable
of alwéys maintaining the inherent pre-arding time current
charactefistic and positively melting when an abnérmal

20 current flows therethrough. |

To achieve this object, a micro-chip fuse according
to the present invention comprises: a main body constructed

. by the laminated layers of at least two substrates made of

heat-resistant, electrically insulating material, said main
25 body having a space thereih; a fusible elemeht_made of a

metallic film which is formed by a depositioning process and

has both end portions and a middle portion, said both end

portions being sandwiched between said substrates, and said

.
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printed board, a fusible elenent conprised of a metal lic filmadhered
to the surface of the main body nmade of ceramic 20 material has been

prbposed. An exanple of such a fusible el enent is disclosed in the
official gazette of Japanese Pat ent Lai d-open No. 5-166454. _
Fusion of a fuse will result fromthe balahc® between t he heating

val e gener kedath, Bhecl8N BiFafaPaS BRI, IS, 250alen LA Yabe padlat o
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lcontact electrically connected to said both end portions of said
fusible element.

5 'According to the construction as describea aboye,
since a fusible element made of a metallic film is extended
within the space defined within the main body of a chip-fuse
made of laﬁination of at least two subsfrates, the heat
generated at the fusible.element does not escape to any

10 otherléortions of a fuse, thus making it poésible to always
maintain the inherent characteristics of a fuse.

Furthermore, since the fusible element is not in
contact with the main body or the like of a fuse, it is
hardly influenced by the heat generated at the printed board

15 on which surface a fuse is mounted, whereby the inherent
characteristics of a fuse can always be ﬁaintained.

To achieve the object mentioned above, a method of
manufacturing a micro-chip fuse according ?o the present
invention compiises the stéps of: ‘providing at least one

20 through-bore through a first substrate made of heat-
resistant, electricaily insulating'materiél; filling said
through-bore with a first photosensitive resist to make

' §mooth at least one surface of said first_substrate, said

--;urfacé including the portion of said through bore; curing

25 the portion of said filled first photosensitive resist at
the side of said smoothed surface; depositing metal on said
smoothed surface of said first'substfate to form a metallic
film; applying a second photqsensitive resist on said

\
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other portions of a fuse than the el ectrodes. "

-2- A mcro-chip fuse is apt to be influenced by the
external heat due to being extrenely small in size. ° Furthernore, since
the fuse as disclosed in a prior art is so constructed that a fusible

element is in contact with the 5 main 4ody and ot her portions, the heat

_generated at the
= metallic film; plac1ng on sald second photosensitive resist

a photomask including a pattern of a desired shape of a
fusible element, effecting an eiposure and a development,
etching said metallic film, and removing said photosensitive
5 resists to form the fusible element made of the metallic
film extending over said thfough-bore; placing said first
substrate on a second substrate made of heat-resistant,
elecfrically insulating material in a manner that the
surface of said first substrate opposite to the surface on
iO which said fusible element is formed faces said second
substrate: placing a fhird substrate made of heat-resistant,
electrically insulating material and including at least one
recess, on said first substrate in a manner that said recess
.is in alignmeﬂt with said through-bore; laminating said
15 first, second and third substrates; and providing electrodes
on salid substrate, said eiectrodes electrically sonnected to
both ends of said fusible element. |
To achieve the object mentioned above, another method
of manufacturing a micro-ship fuse according to the present
20 dinvention comprises the'steps of: providing at least one
recess on a first substrate made of heat-resistént,
electricaliy insulating material; filling said recess with a
f_first photosensitive resist'to make smooth the surface of
said first substrate, said surface including the portion of
25 said recess; curing said filled first photosensitive resist:;
depositing metal on said smoothed surface of said first
substrate to form a metallic film; applying a second

photosensitive resist on said metallic film; placing on said
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fusi ble element way escape fromthe portions in contact with the .
fusible element. Also depending on the structure of a printed board
on" which a chip fuse i's to be surface-nounted, t he heat generated at
the printed board may be conducted to 10 the fuse, resulting in a change
of the characteristics of the fuse.= 1% such a case, the inherent

characteristics of the fuse cannot be kept, resulting_in possibility

of< darmge Secansl BROTRIFRIUCLERAr PFHST R MRPEPREkelncluding a pattepn
obj ect of the present jnvention is_to P&g¥£f§ glementp1g£§gé{ggbfége for a

surface mouRf dhe 93RS PoRPe Qb

exposure and a development, etching said metallic film,
removing said photosensitive resists to form the fusible
5 element made of the metallic film extending over said
recess; placing.a second substrate made of heat-resistant,
eleétrically insulating maferial and including at least one
recess, on said first substrate in a manner tﬁat said recess
of-said second substrate is in-alignment with said recess of
10 said first substrate; léminating said first and second
substrates, and providing electrodes on said subétrate, said
electrodes electrically connected to both ends of said
fusible element.
Accordingly, a fusible eiement made of a metallic
15 film can be extended within the space provided within the
main body of a fuse without getting in contact with other
portions of a fuse, and a micro-chip fuse haviné a'sihilar
construction to that of a tube type fuse can be
manufactured. !
20
Figs. 1A through 1K illustrate steps of manufacturing
a micro-chip fuse according to an embodiment of the present.
}nvention,
- Fig. 2A illustrates an example of the substrates
25 laminated according to thé steps shown in Figs. 1A tﬁrough.
1K,
.

Fig. 2B illustrates an example of the laminated

substrates which have been cut in a manner where the fusible
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the net hod of manufacturing the sane, the fuse being capable of al ways

rnai ntai ning the inherent pre-arcing tinme current characteristic and

positively nelting when an abnormal 20 current flows therethrough.

To achieve this object, a micro-chip fuse according to the present

i nvention conprises: a main body construcbed by the l'am nated | ayers

of at |east two substrates nmade of heat-resi stant, electrically

i nsul ati ng edemengs, wighdnnkhs fose yodyshavengraangsde ivh@agidtied £ usibl e

- element made of a . metallic filmwhich is_forned by depasi ti oni ng
process and hE49hofh idAUStErtrEnanaRB2RPARd Gite THE & ,Jiiﬁya th end

fuse units shown in Fig. 2B, to which electrodes have been
attached at one time, ’

5 Fig. 4 is an external view of a micro-chip fuse of
the prééent'invention,

Fig. 5 is a sectional view taken along the line X-X'
in Fig. 4, |

Fig. 6 is a sectional view taken along the line Y-Y'

10 in Fig. 4, |

Fig. 7 is an external view of a micro-chip fusé
according to another embodiment 6f the présent invention,

Fig. 8 is a sectional view taken along the line X-X'
in Fig. 7,

15 Fig. 9 is a sectional_view taken along the line Y-Y'
in Fig. 7, | _

Figs. 10A through 10H illustrate stepé of
manufacturing another micro-chip fuse according té another
embodiment of the present invention, |

20 Fig. 11 is an éxternal view of a micro-chip fuse made
in accordance with the steps showh in Figs. 1OA.through 10H,

Fig. 12 is a sectional view taken along the line X-X'

" in Fig. 11, and
.Fig..l3 is a sectional. view taken along the line Y-Y'

25 in Fig. 11.

‘Some embodiments of the present invention will now

be explained by referring to the accompanying drawings.
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portions bei ng sandwi ched between sai d substrates, and said ' - 3

m ddl e portion extending within said space; and el ectrodes

provi ded at the opposite ends of said main body and electrically
cqonnected to said both end portions of said fusible el ement.

)

10

15

20

.-

25

First, a method of manufacturing a fuse by laminating
three sdbstrates will be explaihed.

Figs. 1A through 1K illustrate steps of maﬁufacturing
a miéro-chip fuse according to an embodiment of the present
invention. | |

As shown in Fig. 1A, a substrate 2 which is located
intermediate to three substrates to be laminated is provided
with a plurality of thfough—bores 20. The through-bores 20
provide spaces around the fusible element when a fuse has
been constructed. In order to extend the fusible element
over the through-bores 20, they are temporarilf filled with
a photosensitive resist 1. The substrate 2 is placed on a
glass sheet 3 and the photosensitive reéist 1l 1is appliea on
the substrate 2 in an amount enough to £ill in the through-
bores 26. Subsequently, pre-baking is conducted so that the
resist surface in contact with the glass sheet 3 can be made
smooth. |

Subsequently, as shown in Fig. 1B, exposure is done

from belowf such that the photbsensitive resist 1 which is

filled in the through-bores 2 provided at the substrate 2

is cured. In the meantime, the above pre-baking may be

omitted and this exposure process may also make smooth the

-;esist surface in contact with the glass sheet 3.

Then as shown in Fig. 1C, when the portion of'the
photosensitive resist 1 which has not been cured is removed,
the cured resist 4 is left at the through-bores 4 provided
at the substrate 2 to f£ill the same. g

Subsequently as shown in Fig. 1D, the glass sheet 3
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5 . According to the construction as descri bed above, since a
f-usi bl e el ement made of a netallic filmis extended within the space
defined within the main body of a chip-fuse made of | am nation of at

| east two substrates, the heat generated at the fusible el enent does
not escape to any 10 other portions of -a8 use, thus making it possible to
al ways mai ntain the inherent characteristics of a fuse.

Fus t her nor e issitaken wanSng &he aesalliic foiln P is vapgwk2erPeFitedhe main

body or the like of a fuse, it is hardly infl uenced t he heat
generat ed atSinge ghen ¥ QHE-POTEs PAFTIANS tzsﬁﬁ‘?‘é’&e% ?Esé“? SYRRH e

wher eby t he inherent
2 are filled with the cured resist 4 and made smooth

thereby, the metallic film 5 is formed as a thin film of
5 uniform thickness.
As shown in Fig. 1E, the vapor-deposited metallic
film 5 is turned upside down and a phptosensitive resist 21
is applied thereon. |
Subsequently as illustrated in Fig. 1F, a.photomask'G

10 having a pattern corresponding to_the shape of a fusible
element is placed on the photosensitive resist 21, and then |
exposure is executed. In this way, the photosensitive
resist 21 is cured to a shape similar to that of the fusible
element to provide a cured resist 24.

15 Subsequently as shown in Fig. 1G, the photomask 6 is
taken away and the portion of the photosensitive resist 21
which was not cured is washed with solvent and removed
(developing process), a cured resist 24 having a shape_
similar to that of a fusible element is formed on the

20 metallic film 5.

After this, as illustrated in Fig. 1H, when the
metallic film 5 is etched, the metallic £ilm 5 is removed to

.. Jleave the portion thereof which will become a fusible

element 7.

25 Subsequently, as shown in Fig. 1I, the cured
resists 24 and 4 which are respectively provided on and
under the fusible element 7 are removed, whereby a fusible

element 7 which is extended over the through-bore 20 on the
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characteristics of a fuse can always be nai ntai ned. To achi eve
the bbject nentioned above, a nethod of manuf acturing a mcro-chip
fuse according to the present i nvention conprises the steps of:
providing at |east one 20 through-bore through a first substrate nmade of
heat - resistant, electrically insul-a® rg material; filling said

t hrough-bore with a first photosensitive resist to make snoot h at

| east one swdlxtrate siih foretidadst ritiee, themiugh-bores 30 dice shrvedi Hgteohe
portion of said through bore; curing 25 the portion of said filled first
phot osensi t iaetruntatedtcone faonme witde e diarettsorharef fak thelepbdeting

metal on said
: of the fusible element 7 being smaller than that thereof at

the opposite side, whereby the cured photosensitive resist 4
5 can be easily removed. Howéver, the present invention is
not intended to be limited to this shape.
| Subsequently as illustrated in Fig. 17, a substrate 8_
which serveé_to cover the through-bores 20 provided on the
substrate 2 is bonded to the substrate 2 by means of a
10 bonding agent 9. |
Then, as shown in Fig. 1K, a substrate 10 having
recessés 30 corresponding to. the through-bores 20 provided.
on the substrate 2 is bdnded to the substrate 2 by means of
a bonding agent 9 in a manner that each recess 30 and each
15 corresponding through-bore 20 are in alignment witﬁ each
other to ﬁorm a space 11 around the fusible element 7.
In this manner, spaces 11 are respectively proéided
‘around the fusible elements 7.and such a construction is
provided as the fused Qortion of a fusible element does
20 not get in touch with the main body of a fuse constituted
- by lamination of respective substrates 10, 2 and 8. 1In
Fig. 1K, feference numeral 12 designates a fuse unit having
_;JP main body of three layer construction. Aftér the said
unit is divided and each_provided with electrodes, it then
25 functions as a fuse.
Fig. 2A illustrates an exaﬁple of the substrates
laminated accéraing to the steps shown in Figs. 1A throuéh

1K. While electrodes may be attached to the respective fuse
-
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snoot hed surface of said first substrate to forma netallic film

appl ying a second photosensitive resist ‘'on said : -4- netallic

film placing on said second photosensitive resi st a phot omask

including a pattern of a desired shape of a fusible elenment, effecting
~an exposure.and a devel opnent, - 10 - :

together divided into ‘a plurality of fuse units 12,

. units 12 after the laminated substrates 10, 2 and 8 are

according to the present embodiment, electrodes are attached

at one time to a plurality of fuse unites 12.

5 Fig. 2B illustrates an example of the laminated

substrates which have bean cut in a manner that the fusible

elements within the fuse units are arranged in parallel.

Since electrodes are collectively attached to a plurality

of fuse units 12, the substratés.are so cut that fusible

10 elements are arranged in parallel in the fuse unit 12 as

shown in Fig. 2B

Fig. 3 illustrates an example of the plurality of

fuse units shown in Fig. 2B, to which electrodes are

attached at one time. As shown in Fig. 3, electrodes 13

15 and 13 are collectively attached to the plurality of fuse

units 12. Subsequently, the plurality of fuse units 12 with

electrodes 13 are individually cut to pfovide a micro-chip

fuse as shown in Fig. 4.

Next, the construction of a micro-chip fuse 14 which

20 has been manufactured in accordance with the sfeps above

~explained will be explained. Fig. 5 illustrates the section

taken along the line X-X' in Fig. 4. Fig. 6 illustrates the

. section taken along the line Y-Y' in Fig. 4.

-

The micro-chip fuse 14 is such a fuse having a length

25 of approximately 1.5 mm - 3 mm, a width of approximately

1.5 mm and a height of approximately 1.5 mm. The substrates

2, 8 and 10 which constitute the main body 32 of a fuse are

respectively comprised of a heat-resistant, electrically

A
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etching said netallic film and renoving said photosensitive 5 resists to
formthe fusible elenent nmade of the netallic fil mextendi ng over said
t hr ough- bore; placing said first substrate on a second substrate nade
of heat-resistant, electrically insulating material in a manner that

t he surface of said first substrate bbposite to the surface on 10
whi ch said fusible elenent is forned faces said second substrate;

placing a thinshlAng Aateridd dRrvHag a ddiistknass less gihan rk dat y
insulating material and including at | east one recess, on said first

substrate | Pinemihe sapge i 4§ axeydded araung, the divsiRiveienenty 7.

t hr ough-bore; |lamnating said . _
. the heat which may be generated at the printed board on

which surface a micro-chip fuse 14 is mounted is not
5 condﬁcted to the fusible element 7 and also the heat
generated at the fusible element 7 does not escape
externally along the fuse body 32 of the fuse.
The shape of a trapezoid for the space defined around
the fusible element 7 has been considered so that the cured
10 resist can be eaSiiy removed. The shape of such a space is
not limited to this shape. It is to be.understood, however,
that if the space is shaped to be truncated-conical, the
cured resist which might have been filled in the through-
bore at the time of manufacture can be more easily.removed.
15 In this way, according.to the embodiment of the
present invention, -the fusible element can 5% accommodated .
within the main'body comprised of heat resistanf, |
electrically insulating material without the fused portions
of fuse element between the electrodes gefting in touch with
20 other portions of the fuse. The process described
hereinbefore has made it ppésible to manufacture a fusible
element more fine than a metallic wire which was
’ gonventionaily used, besides making it possiﬁle to
- ;anufacture a fuse having a fusible element with a lower
25 heat capacity. This allows any fusible materials among such
metals, alloys or the like which could not be made finer due
to the inherent characteristics of the materials in question

to be utilized making it possible to manufacture fuses
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15 first, second and third substrates; and providing el ectrodes on
said substrate, said electrodes electrically connected to bot h ends of
sai d fusible el enent. To achi eve the object nentioned above,
anot her net hod of manufacturing a mcro-chip fuse according-to the
present 20 invention conprises the stepst®f+ providing at |east one
recess on a first substrate nmade of heat-resistant, _ electrically

i nsul ati ng nBR¥iRgl @ PrErRfGisg Fimec ey rgnth characteiisdicmbicde sgulid e
resist to make snooth the surface of said first substrate, said
surface incl B8En§Ot k8% FtPEﬁV&%edZS 5 @odddtden. sincsy the Fhdckness i r st

photosenS|t|g§ Qe%hggble element can be readily altered, fuses ha&ing

different current capacity or other characteristics_can be
5 easily fabricated. -

According to the embodiment of the present invention,
such a construction is provided so that the fusion portion
of a fusible element between electrodés is prevented from
getting in touch with other portions of the fuse and the

10 fusible element is constructed similérly to tube type fuse
known as é normal fuse. Accordingly, the fuse according the
present invention is extreme subminiature, and also has high
reliability.
| Figs. 7, 8, and 9 illustrate the construction of a

15 'micro—chip fuse 15 having.é recess at the lower substrate
disclosed in the previous embodiment and a larger space.

.Fig. 7 shows the external view of the micro-chip fuse
. which is not different from the one shown in the prewvious
-embodiment.

20 : Fig. 8 is thé sectional view taken along the line
X-X' in Fig. 7, while Fig. 9 illustrates the sectional view
taken along the line ¥Y-Y' in Fig. 7. A recess 40 is

.. provided at the lower substrate 38 and it is seen that a
larger space than the previous embodiment is provided with

25 +the fuse. The micro-chip fuse can be manufactured in
accordance with the'same steps as employed in the previous

embodiment. . ’

According to the present embodiment,.jLJSHEEHLEEEEEi_____

This Sheet Has Bee

™



depositing nmetal on said snoothed surface of said first substrate to
fforma metallic film applying a second phot osensitive resist on said
nmetallic film placing on said - second phot osensitive
resi st a photomask including a pattern of the desired shape of a
fusible el ement, effecting an - 13 -

around a fusible element can be proQided, so that even in
such a case where a metallic material having a high thermal
expaﬁsion coefficient is'employed fof a fusible element, and
the.fusible element is'élongated_due to héat,_the fgsible

5 element doés not come into contact with the main body or the
like of a fuse, whe;eby the inherent characteristics of a
fusible element can be maintained.

Next, a further embodimént of the present invention
different from the previous embodiment in that the main bbdy

10 of a micro-chip fuse is constructed by lamination of two
éubstrates is explained.

The method of manufacturing such a micro-chip fuse
will first be explained. |

Figs. 10A through 10H illustrate steps of the method

15 of manufacturing a micrd-chip fuse according to.another
embodiment of the present-inveﬁtion.

As shown in Fig. 1OA; a plufality of recesses 50 are
provided on a substrate 16. These recesses 50 constitute
portions of spaces to be defined around fusible elements at

20 the time of completion of manufacturing-fuses. For the
purpose of causing fuse elements to be extended over those
recesses 50,.a photosensitive resist is used to temporarily
fill these recesses 50. Phdtosensitive resist is poured
ﬂlnto the recesses 50 pfovided on the substrate 16 and thgn
25 cured to fill the recesses 50 with so cured resist 54.

Subsequently as shown in Fig. 10B, metal is vapor-

deposited to form a .metallic film 55. Since the recessed 50

provided on the substrate 16 are filled with cured resist 54
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exposure and a ‘devel opment, etching said netallic film renoving said
phot osensitive resists to formthe fusible 5 elenent nade of the netallic

filmextending over said recess; placing a second substrate nade of
heat - r esi st ant, electrically insulating material and including at
| east one recess, on said first subst4ate in a manner that said recess

of said second substrate is in alignment with said recess of 10 said

first substrPdidmadasNAaRYy WEem.r sheametedddmd film 5 man Restormrd
DrovLdl g ELact S F AT AN el bt o0 ol ectrical 1y

As illustrated in Fig. 10C, photosensitive resist S1
is applied on the vapor-deposited metallic film 5.

5 Subsequently, as shown in Fig. 10D, a photomask 6
having patterns corresponding to that of a fusible element
is placed on the photosensitive resist 51, and then exposure
is executed. Exposure causes the phdtosensitive resist 51
to be cured in the same pattern as that of a fusible element

10 to provide a cured resist 58.

Then, as shown in Fig; 10E, the photomask 56 is taken
away, and when the portion of the photosensitive reéist,Sl
which has not been cured is washed-with solvent and removed
(developing process), the cured resist 58 having the same

15 shape as that of fhe fusible element can be formed on the
metallic film 55. |
) Subsequently as shown in Fig. 10F, when the metallic -
‘film 55 is etched, the portion of the metallic film 5 which
is not covered with the cured resist 58 is removed, leaving

20 the portion of the metallic film 55 ﬁhich is covered with
the cured photosensitive resist 58 and will become a fusible
element 57. .

o, Subsequently as shown in Fig. 10G, the cured resists

58 and 54 which are respectively located on and under the

25 fusible element 57 are reﬁqved. As the consequence, a
fusible element 57 extended over the recess 50 provided-on

the substrate 16 can be provided. ’

After that, as shown in Fig. 10H, a substrate 17
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Accordingly, a f us.i bl e el enent nmade of 'a metallic 15 film éan' be ext ended
within the space provided within. the mai n body of a fuse w thout
getting in contact with other portions of a fuse, and a m.cro-chip
fyse having a simlar construction to_that of a tube type fuse can be
manuf‘actured. 20 Figs. 1A rh¥§ugh 1K illustrate steps of
manuf act uri rglgv_ a mscsreos- ch' pcofrursee accdo_rdip to an enbodi nqxg%of théa
present YA 155515 : SAPALW i TP USHS ALLSHPD O%5kdedie
-substrates n the substrate 16 is bonded to the substrate 16 by means
of a bonding agent 59 in the manner where each recess 60 and
each corresponding recess 54 are in alignmenf With each

5 other to form a space 62 around the fusible element 57.

In this way, the spéce 62 is provided around the
fusible element 57 and such é construction is provided as
the fused portion of the fusible element 57 does not come
into contact with any part of the main body 63 of the fuse

10 comprised of lamination of the respective substrates 16 ana
17. In Fig. 10H, reference numeral 18 designates the fuse
unit having a main body 63 comprised of two substrates 16.
and 17 and, afte: being divided and respectively provided
with electrodes, serves respectively as a fuse. The step of

15 attaching'electrodes to thé fuse unit 18 islsimilar to that
of the previous embodiment and the external view of a micro-
chip.fuse provided with electrodes 13 and 13 is illustrated
in Fig. 11.

Fig. 12 illustrates the sectional view of a micro-

20 chip fuse 19 taken along the line X-X' in Fig. 11, while
Fig. 13 illustrates the sectional view of a micro-chip fuse
19 taken'along the line Y-Y' in Fig..ll.

_ Similar to the embodiment as described above, this

micro-chip fuse 19 has a length of approximately 1.5 - 3 mm,
25 a width of approximately 1.5 mm and a height of

approximately 1.5 mm. The substrates 16, 17 constituting

~the main body 63 of a fuse are réspectively comprised of’

heat-resistant, electrically insulating material haéing a
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25 lamnated according to the steps shomn in Figs. 1A through 1K,

Fig. 2B illustrates an exanple of the | am nated substrates which have
been cut in a manner where the fusible.
- 6- el ements within the fuse units a{S arranged in parallel,

thickness of less than 1 mm. Since the space 62 is defined
around the fusible element 57, the heat which may be
generated at the printed board on which surface a micro-chip
fuse 19 is mounted is not conducted to the fusible element
5 57 and the heat which may be generated at the fusible
element 57 does not'escape,extérnally alohg the main body 63
of a fuse.
| The micro-chip fuse provided by this embodiment of
the present invention does not cause, like the pre?ious
10 embodiment, the fused portion of the fusible element 57
between electrodes 13 to come into contact with any other
portions of the fuse and allows a fusible element 57 to
be accommodated in the main body 63 comprised of heat-
resistant, electrically insulating material, thus providing
15 -%he same effect as that of the previous embodiment, as a
matter of course.
The present invention haé been described in detail
with reference to certain preferred embodiments thereof, but
it Qill be understood that variationé and modifications can

20 be effected within the spirit and scope of the invention.

____________~______—
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Fig. 3 JTTEEFFEFEE—EET?SGﬁﬁm e of the plurality of fuse units shown in
Fi g 2B, J[m"mm es have been attached at one tine, 5
Fig. 41 ﬂ,ﬁuﬂnﬂrﬂ/ of a mcro-chip fuse of t he present

i nvention, g. 5 is a sectional view taken along the line X-X
in Fig. 4, Fig. 6 is a sectrohdl -view taken along the line Y-Y
10 in Fig. 4 Fig. 7 is an external view of a mcro-chip fuse
accordi ng td"edr%]ﬁi’é? enbodi ment of the present invention,

1. A micro-chip fuse comprising:

a main body constructed by the laminated layers of at
lgast two substrates made of heat-resistant, electrically
5 insulating material, said main body having a space therein;
a fﬁsible element made of a metallic film which is
formed by a depositioning process and has both endlportions
and é middle portion, said both end portions being
: sandwiched between said substrates, and said middle portion
10 extending within said space; and
electrodes provided at the opposite ends of said main
body and eleétrically connected to said both end portions of
said fusible element.
2. A micro-chip fuse as claimed in Claim 1 wherein said
15 metal is fusible.
3. A micro-chip fuse as claimed in Claim 1 wherein said
two substrates respectively include a recess, and said space
is formed.by the recesses.
4. A micro-chip. fuse as claimed in Claim i; further
20 including an additional substrate which is sandwiched
between said two substrates and has a through-bore, wherein
one of said two substrates has a recess; and

said space is formed by said recess of said one of
a2

said two substrates, said through-bore of said additional
25 substrate, and the other of séid two substrate.

5. A micro-chip fuse as claimed in Claim 4 wherein said

other of said two substrates has a recess, and said space.

is formed by said recesses of said two substrates, and said
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Fig. 8 i s—a—sectiomal—Vview taken along the line X-X in Fig. 7, 15

Fig. 9is ' ' taken along the line Y-Y' . in Fig 7,

Figs. 10A mﬂ m‘mmnrm‘t rate steps of manuf act uri ng anot her

m.cro-chip'%§ Isng*t 0 anot her enbodi nent of the present
: 20

I nvention, Fig. 11 is an extedBal view of a micro-chip fuse.

made in accordance with the steps shown in Figs. 10A through 10H,

Fi.g. 12 i s atREeygbnaPrei el sakdnaddbkicral substxake. in Fig. 11, and
6. A micro-chip fuse as claimed in Claim 2. wherein said

two substrates respectively include a recess, and said space
is formed by the recesses.

5 7. | A micro-ship fuse as claimed in Claim 2, further
including an additional substrate which is sandwichéd
between said two substrates and has a through-bore, wherein

one of said two substtates has a.recess; and
said space is formed by said recess of said one of
10 said two substrates, said through-bore of said additional
substrate, and the other of said two substrate.
8. A micro-chip fuse as claimed in Claim 7 wherein said
other of said two-substrates has a.recess, and said space
is formed by said recesses of said two substrates, and said
15 through-bore of said sdditisnal substrate. |
9. A method of manufacturing a'micro-chip fuse
comprising the steps of:
providing at least one through-bore through a first
substrate made of heat-resistant, electrically insulating
20 material;
filling'said through-bore with a first photosensitive
resist to make smooth at ieast one surface of said first
substrate, said surface including the poftiop of ssid
-through bore;
25. curing the portion of said filled first
bhotosensitive resist at the side of said smoothed surface;

depositing metal on said smoothed surface of said

first substrate to form a metallic film;
. iThi eet Has Been Replaced
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Fi g. 13 Is a sectional view taken along the line Y-Y' 25 in Fig. 11
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applying a second photosensitive resist on said
metallic film;

placing on said second photosensitive resist a
photcmask.includiﬁg a pattern of a desired shape of a
fusible element, effécting.an exposure and a de&elopment,
etching said metallic film, and removing said photosensitive
resists to form the fusiblelelement made-of the metallic'_
fi;m éxtending over said through-bore:

placing said first substrate on a second substrate
made of heat-resistant, electricaily’insulating material in
a manner that the surface of said first substrate opposite
to the surface on which said fusible element is formed faces
said second substrate;

placing a third substrate made of heat-resistant,
electrically insulating material aﬁd including at least one
recess, on said first substrate in a manner that said recess
is in alignment with said through-bore:

laminating said first, second and third substrates;
and

providing electrodes on said substrate, said
electrodes eleétrically connected to both ends of said

fusible element.

. 10. A method as claimed in Claim 9 wherein said first

substrate includes a plurality of through-bores, and said
second substrate includes a plurality of recesses; said
method further including the step of dividing said laminated
substrates to form individual chip-shaped micro fuses.

11. A method as claimed in Claim 9 wherein said second'
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First, a nethod of manufacturing a fuse by |am nating three substrates
will bemmll lrmmm”ul " Figs. 1A through 1K illustrate steps of
manuf ac ro-chip fuse according to an enbodi nent of the
present *5 fnventYon. ° As shown in Fig. 1A, a substrate 2 which

is | ocated internediate to three sub2Prates to be lanm nated is
provi ded with a plurality of through-bores 20. The through-bores 20
pr.ovi de spa@PSHFRIR hPTULIIRE il Ereat 1RSIt onQsEeERss, 180d been
constructed. In order_to extend the fusible el enent over the

t hr ough- bores 20, e FAIFTNRTISP 130FHAGF (placing said first

substrate on said second substrate in a manner that said
through-bore of said first substrate is in alignment with
5 said recess of said second substraté.
12. A method of manufacturing a micro-chip fuse
comprising the steps of:
providing at least one recess on a first substrate
made of heat-resistant, electrically insulating material;
10 filling said recess with a first photosensitive
resist to make smooth the surface of said first substrate,
said surface including the portion of said recéss;
curing said filled first photosensitive resist;
) depositing metal on said smoothed sﬁrface of said
15 first substrate to form a metallic film;
;pplying a second photosensitive resist on said
metallic film; .
‘placing on said second'photosensitiﬁe resist a
photomask including a pattern the desiréd shape of a fusible
20 element, effecting an.exp05ure and a development, etching
said metallic film, removing said photosensitive resists to

form the fusible element made of the metallic film extending

';qver said recess:;

placing a second substrate made of heat-resistant,
25  electrically 4insulating material and including at least one
reéess, on said first substrate in a mannér that said recess
of said second substrate is in alignment with said ;ecess’of
said first substrate; |
- e
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a photosensitive resist 1. The substrate 2 is placed on a gl ass sheet
BJmullmﬂM t“'liﬂm tive resist 1 is applied on the substrate 2 in an
in the through- 15 bores 20. Subsequently,
pre- bawln i & con ucted so that the ~-rggi st surface in contact with the
gl ass sheet 3 can be made snoot h. Subsequently, as shown
in Fig. 1B, exposurkamindenag saidf fdmdteland seednd hatbsheagesi;osansitive
resist 1 whichis 20 filled in the through-bores 2 provided at the '
substrate 2 . | sprovédingnellketmedss ey ddiid adavetpatehalksiadgl nay be
omtted and this exposure process may al so make snooth the
electrodes electrically connected to both ends of said
fusible element.

S 13. A method as claimed in Claim 12 wherein said first
and second substrates respectively include a plurality of
recesses; said method further including the step of dividing
said laminated substrate to form individual chip-shaped
micro fuses.

10 14. A microéchip fuse produced by using the method as
claimed in Claim 9.
15. A micro-chip fuse produced by using the method as
claimed in Claim 12.
16. A method of manufactuting a micro-chip fuse substantially
as described herein with reference to and as illustrated in
Figure 1 of the accompanying drawings.
17. A micro-chip fuse manufactured by the method of Claim 16
and substantially as described herein with reference to and as
illustrated in Figures 2 - 6 of the accompanying drawings.
18. A micro-chip fuse substantially as described herein
with reference to and as illustrated in Figures 7 - 9 of the
accompanying drawings. .
- 19. A method manufacturing a micro-chip fuse substantially
as described herein with reference to and as illustrated in
Figure 10 of the accompanying drawings.
20. A micro-chip fuse manufactured by the method of Claim 19,

and substantially as described herein with reference to‘and as

illustrated in Figures 11 - 13 of the accompanying drawings.
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resist.surface in contact with the glass sheet 3. Then as shown
in Fig. 1C, when the portion of the 25 photosen3|t|ve resist 1 which has

nof been cured is renoved, the cured resist 4 is left at the
t hr ough- bores 4 provi ded at the substrate 2 to fill the sane.
Subsequently as shown in Fig. 1D, the glass sheet 3
_ 22
ABSTRACT

A MICRO~-CHIP FUSE AND METHOD OF
MANUFACTURING THE SAME

A micro-chip fuse and a method of manufacturing
the same is disclosed which includes a fusible element
made of .a metallic £film that is formed by a.
depositioning pr'ocess. Through-bores (20) are
provided through a first substrate (2) and filled with

a photosensitive resist (1) to make smooth the
surface of the first substrate. After curing the
resist, metal is deposited on the surface of the first
substrate to form a metallic film (5). A
photosensitive resist (21) is applied to the metallic
film (5) and a photomask (6) is placed on the
resist (21) to effect an exposure and a development.
The metallic film is etched and the resists are removed
to form the fusible "elements (7) made of the metallic
£ilm extending over the through-bores. A second
substrate (8) is placed under the first substrate (2),
and a third substrate (10) including recesses (30) for
cove_ring the through-bores (20) is placed on the first
substrate (2) to laminate them. Electrodes (13) are
provided o'n the ends of the substrates. The laminated
substrates are divided into individual micro-chip
fuses (14). ‘

To be accompan:.ed when published by Flgure 1A of
the accompanying drawings.
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-8- . is taken away and the netallic filmb5 is vapor-deposited. .

Si nce the through-bore portions 4 provided at the substrate 2 are
filled with the cured resist 4 and nade snooth t hereby, the netallic
film5is formed as a thin filmof 5 uniformthickness. As
shown in Fig. 1E, the vapor-deposited netallic film5 is turned upside
down and a photosen3|t|ve resist 21 I's applied thereon.

Subsequently as illustrated in Fig. .1F, a photomask 6 10 having a pattern
correspondi ng to. the shape of a fusible

Fig. 1A
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elenent is placed on the photosensitive resist 21, and. then exposure

I's executed. In this way, the photosensitive restst 21 is cured to a
shape simlar to that of the fusible el enent to provide a cured resi st
24. 15 Subsequently as shown in Fig. 1G the photomask 6 is

.taken away and the portion of the photosensitive resist 21 whi ch was
not cured is washed with sol vent and renoved (devel opi ng process), a
cured resist 24 having a shape - similar to that of a fusible elenent is
formed on the 20 netallic filmb5. After this, as illustrated

in Fig. 1H, when the

Fig 1G 24 24 g
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netaLIic film5 is etched, the netallic film5 is renoved to | eave the -

portion thereof which will becone a fusible elerent 7. 25
Subsequently, as shown in Fig. 1I, the cured " resists 24 and 4 which
are respectively provided on and under the fusible elenent 7 are
renoved, whereby a fusible el ement 7 which is extended over the

t hr ough-bore 20 on the

Ll
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- 9-. - substrate 2 is provided. The through-bore 20 is shaped into
truncated cone formwith the dianmeter thereof at the side of the
fusible element 7 being smaller than that thereof at t he opposite

si de, whereby the cured photosensitive resist 4 5 can be easily renoved.
However, the present invention is not intended to be limted to this
shape. Subsequently as illustrated in Fig. 1J, a substrate 8
whi ch serves to cover the through-bores 20 provided on the substrate
i's bonded to the substrate 2 by neans of a '

Fig. 4
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10 bendi ng agent 9. Then, as shown in Fig. 1K a substrate 10

havi ng recesses 30 corresponding to the through-bores 20 provi ded

on the substrate 2 is bonded to the substrate 2 by nmeans of a bondi ng
agent 9 in a manner that each recess 30 and each 15 corresponding

t hrough-bore 20 are in alignnent with each other to forma space 11
around the fusible el enent 7. : In this manner, spaces 11 are
respectively provided around the fusible elements 7 and such a
construction is provi ded as the fused portion of a fusible el ement

does 20 not get in touch with the main body of a fuse constituted

Fig. 7

(%
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by l-ami nation of respective substrates 10, 2 and 8. In Fig. 1K,
reference nuneral 12 designates a fuse unit having - a main body. of
three | ayer construction. After the said unit is.divided and each
provided with el ectrodes, it then 25 functions as a fuse. Fi g.
2A illustrates an exanple of the substrates | am nat ed according to the
steps shown in Figs. | A through - 1K, While electrodes may be attached

td the respective fuse

F18. 10A s

Fig. 10B
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- .10 - units 12 after the |am nated substrates 10, 2 and 8 are
together divided into a plurality of fuse units 12, ¢ according to the
present enbodi nent, ‘el ectrodes are attached at one tinme to a plurality
of fuse unites 12. 5 Fig. 2B illustrates an exanple of the

| am nat ed substrates which have bean .cut in a manner that the fusible
el enments within the fuse units are arranged in parallel. Si nce
elrectrodes are collectively attached to a plurality '

62

62 17
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of fuse units 12, the substrates are so cut that fusible 10 elenents are

arranged

Fig. 3 illjustriatésA@RbDesanpire of §RE prurality @f

Fig. 2B,

Fig. 3, eI'BﬁtrQﬁi(e; 13pa51,§ &nq 3, ,%r'é','."c"bgl | ectivel yt a*g

of fuse

eléctrode

shown in
whi ch

i.nparallel in the fuse unit 12-as 'M&h@%ﬁwk
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5 The présent invention relates to a micro-chip fuse
and the method of manufacturing the same, the micro-chip
fuse being utilized for surface mounting on a printed board

by using a metallic film as a fusible element.

10 In recent years, a control unit for an electric
appliance in which a fuse is incorporated has been
miniaturized to a great extent and in line with this
tendency of miniaturization, the fuse has been miniaturized
as well. In the case of a fusible element made of a

15 metallic wire, there is a limitation in the techniﬁue ig
itself of producing a fusible fine wire. Therefore, as to
a micro-chip fuse to be applied to a surface mount on a
printed board, a fusible element comprised of a metallic
film adhered to the surface of the main body made of ceramic

20 material has been proposed. An example of such a fusible'
element is disclosed in the official gazette of Japanese
Patent Laid-open No. 5-166454.

Fusion of a fuse will result from the balance between
the heating value generated at the fusible element and the

25 heating value radiated from the fusible element. For this
reason, the best consfruction to keep the pre-arcing time
current_characteristic of a fuse to be uniform is such a
construction in which the fusible element does not contact

other portions of a fuse than the electrodes.




20 .has :beep

<Rhub-act-t-ed..l.n accordance with the steps above expl ai ned

wi I'l be exiREFLACEMEND. Q?fgjl ustrates the section taken along the line
X-X in Fi N“ﬁ““FFU'“ﬁ“F‘* trates the section taken along the line
Y-Y' in Fip. The m cro-chip fuse 14 is such a fuse having a
| engt h 25| of aﬁ%f&?@?ay 1.5m- 3 mm a width of approxi mately

1.5 mm and} al.hei-ght-.Q raxi mately 1.5 nm The substrates 2, 8 and
10 which c-nstltute t he nmai body 32 of afuse are respectively

conpri sed il "n'cro-chip éﬁ%&'&%akk¥ to be influenced by the

external heat due to being extremely small in size.
Fnrthermore, since the fuse as disclosed in a prior art is
so constructed that a fusible element is in.contact with, the
5 main body and other portions, the heat generated at the
fusible element way escape from the portions in contact With
the fusible element. Also depending on the structure of a
printed board on which a chip fuee is to be surface—mounted,
the heat generated at the printed boerd may be condugt%d-to
10 the fuse, resulting in a change of the characteristics of
the fuse. In such a case, the inherent cheracteristice;of
the fuse cannot be kept, resulting in possibility of damage

to the printed board in the worst case._

LAY

15 An object of the present invention is to provide a
micro-chip fuse for a surfaoe mount on a printed board and
the method of manufacturing the same, the fuse being capable
of always maintaining the inherent pre-arcing time current N
characteristic and positively melting when an abnormal

20 current flows therethrough.

To achieve this object, a micro-chip fuse according
to the present invention comprises: a main body constructed
by the laminated layers of at least two substrates made of
'heat-resistant, electrically insulating material, said main

25 'body having a space therein; a' fusible element made of a
metallic film which is formed by a depositioning process and
has both end portions and a middle portion, said both end

portions being sandwiched between said substrates, and. said



i nsul at.i a thickness less than 1 mMm Since the space
11 is prg usi bl e el enent 7, t he heat which may be
gener at ed ard on whi ch surface a mcro-chip fuse 14

I S nount & ted to the fusible elenent 7 and al so the heat
gener at ed th I enent 7 does not escape external ly al ong
the fuse fpody 32 of the fude. The shape of a trapezoid for the
space deflned-around -3 -

middle portion extending within said spéCe: and electrodes
provided at the opposite endé of said main body and
electrically connected to said both end portions of said
fusible element.

5 According to the construction as described above,
since a fusible element made of a metallic film is extended
within the space defined within the main body of a chip-fuse
made of lamination of at least two substrates, the heat
generatéd at the fusible element does not escape to any

10 other portions of a fuse; thus making it poésible to always
maintain the inherent charactéristics of a fuse.

Furthermore, since the fusible element is not in
contact with the main body or the like of a fuse, it is
hardly inflﬁenced by the hgat generated at the printed board

15 on which surféce a fusé is mounted, whereby the inherent
characteristics of a fuse can always be maintained.

To achieve the object mentioned above, a method of
manufécturing a micro-chip fuse according to the present
invention comprises the steps of: providing at least one

20 through-bore through a first substrate made of heat-
resistant, electrically insulating material; £illing said
through-bore with a first photosensitive resist to make
smooth at least one surface of said first substrate, said
surface inqluding the portion of said through bore; curing

25 the portion of said filled first photosensitive resist at
the side of said smoothed surface; depositing metal on said
smoothed surface of said first substrate to form a metallic

film; applying a second photosensitive resist on said



the fusi bjREH fleen considered so that the cured 10 resist can

be easily : e~%hdpe of such a space is not limted to this
shape. [ od, however, that if the space is shaped to
be trunca cured resist which mght have been filled in
the throu he time of manufacture can be nore easily

r enoved. I way, according to the enbodi nent of the
present i | e el ement carf be accommodat ed wi thin the
mai n body co ri sed of heat resi stant el ectrically insulating

material w t BaFatHe fiiday B&PFEBHSW saidrsqgand éibé‘r’FeﬁFnSéWé%nr%%t
el ectrodes gegtbﬁgkéﬁhéﬁnfﬂéfWh&Rg a pattern of a desired shape of a

fusible element, effecting an exposure and a development,
etching said metallic £ilm, and removing said photosensitive
5 resists to form the fusible.elemedt made of the metallic
film extending over said through-bore; placing said first
substrate on a second substr;te made of heat-resistant,
electrically insulating material in a manner that the
. surface of said fi;st'substrate opposite to the surface on
10 which said fusible element is formed faces said second
substrate; placing a third substrate made of heat-resistant,
electrically insulating material and including at least one
recess, on said first substrate in a manner that said recess
is in alignment with said through-bore; laminating said
15 first, second and third substrates; and providing electrodes
on said substrate, said elecfrodes electrically connected to
both ends of said fusiblé element.
To achieve the object mentioned above, another method
of manufacturing a micro-chip fuse according to the prése;t
20 invention comprises the steps of: providing at least one
recess on a first substrate made of heat-resiStant,
electrically insulating material; filling said recess with a
first photosensitive'resiét'to make smooth the surface of
said first substrate, said surface including the portioﬁ of
25 said recess; curing said filled first photosensitive resist:
depositing metal on said smoothed surface of said first
substrate to form a metallic film; applying a second

photosensitive resist on said metallic film; placing on said
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@@E ”NT@%{ wée. The process descri bed her ei nbef ore
“e-to-manufiacture a fusible el enent nore fine than a

" V\h‘m? conventional |y used, besides making it
s urg B fuse having a fusible elenment with a | ower

bagity. ... thi-s--atd ojws any fusible materials anong such
ys or the |ike whlich could not be nade finer due to the
raetertsties=6fthe material § Pn-question to be utilized

maki ng _i t possi bl edt 811%3&';3&{%'{6 fuses .
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econ ve resist a photomask including a pattern

of the desired shape of a fusible element, effecting an
exposure and a development, etching said metallic film,
removing said photosensitive resists to form the fusible
element made of the metallic film extending over said
recess; placing a second substrate made of heat-resistant,
electrically insulating material and including at least one
recess, on said first substrate in a menner the% said recess
of said second substrate is in alignment with said recess of
said first substrate; laminating said first and second
substrates, and providing-electrodes on said sdbstrate, said
electrodes electrically connected to both ends of said
fusible element. | .

Accordinglj, a fusible_elemeht made of a-metallicl
film can be extended within the space provided within the
main body of a fuse without getting in_ebntact with other
portions of a fuse, and a micro—dhip fuse havin§ a similar

construction to that of a tube type fuse can be

manufactured. : !

Figs.'lA through 1K illustrate steps of manufacturing
a micro-chip fuse according to an embodiment of the present
invention, |

Fig. 2a illustretes an example of the substrates
laminated according to the steps shown in Figs. 1A tﬁrough
1K, |

Fig. 2B illustrates an example of the laminated

substrates which have been cut in a manner where the fusible



-12 - .R“E EE%@H}SHEg;cing time current characteristic which could

.not so jar be provided.| Iin addition, since the thickness of a fusible
el enent| can 0@ FEEHHP?y alit ered, fuses having - different current capacity
or othef fharacteristi can be 5 easily fabricated. Accor di ng
to the wﬁﬁﬂTﬁFﬁT_Uf"Tge present invention, such a construction is
provi ded..so_that the fusijon portion

10

15

20

25

6 -
elements within the fuse units are arranged in parallel,

Fig. 3 illustrates an example of the plurality of
fuse units shown in Fig. 2B, to which electrodes have been
attached at one time,

Fig. 4 is an external view of a micro-chip fuse of
the present invention, | |

.Fig. 5 is a sectional view taken along the line X-X'
in Fig. 4,

Fig. 6 is a sectional view taken along the line Y-Y'_
in Fig. 4,

Fig. 7 is an external view of a micro;chip fuse
according to another embodiment 6f the present invention,

Fig. 8 is a sectional view taken aiong the line X-X'
in Fig. 7,

Fig. 9 is a sectional view taken along the line Y-Y'
in Fig. 7,

Figs. 10A through 10H illustrate stepé of
manufacturing another micfb-chip fuse acéording to another
embodiment of the present invention,

Fig. 11 is an external view of a micro-chip fuse made
in accordance ﬁith the steps shown in Figs. 10A through 10H,

Fig. 12 is a sectional view taken along the line X-X'
in Fig. 11, and

Fig. 13 ié a sectional view taken along the line Y-Y'

in Fig. 11.

Some embodiments of the present invention will now

be explained by referring to the accompanying drawings.



of ,a fuk bideen el ectrodes is prevented from getting in

touch of the fuse and the 10 fusible elenent is
const r ugt d iﬁ? qi ube type fuse known as a normal fuse.

Accor di pgly, e 1use a rding the present invention is extreme

submi ni hab hi gh reliability. Figs. 7, 8,
and 9 illlustrate the cons{ruction of a 15 m cro-chip fuse 15 having a
recess ate di-scl es@d-in the previ ous enbodi nent and
a |l arger space. Fig. 7 shows .the external view of the

m cro-chip fuse Fimis¢h asmebthodidf emranufactymingeaofiess egulaminatdng
previ ous

three substrates will be explained.

Figs. 1A through 1K illustrate steps of manufacturing
a micro-chip fuse according to an embodiment of the present
5 invention. |
As shown in Fig. 1A, a substrate 2 which is located
intermediate to three substrates to be laminated is providéd
with a plurality of through-bores 20. The through-bores 20
provide spaces around the fﬁsible element when a fuse has
10 been constructed. 1In order to extend the fusible element
over the through-bores 20, they are temporarily filled with
a photosensitive resist 1. The substrate 2 is placed on a
glass sheet 3 and the photosensitive resist 1 is applied on
the substrate 2 in an aﬁount enough to fill in the through-
15 bores 20. Subsequently, pre-baking is conducted so that the
resist surface in contact with the glass sheet 3 can be made
smooth.
SubseQuently, as shown in Fig. 1B, exposure is done
from belowf such that the photbsensitive resist 1 which is
20 filled in the through-bqres 2 provided at the substrate 2
is cufed. In the meantime, the above pre-baking may be
omitted and this exposure.process may also make smooth the
resist surface in contact with the glass sheet 3.
Then as shown in Fig. 1C, when the portion of the
25 photosensitive resist 1 which has not been cured is removed,
the_cured resist 4 is left at the through-bores 4 brovided
at the substréte 2 to £ill the same.

Subsequently as shown in Fig. 1D, the glass sheet 3
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enbodi ﬂf“ fi;Q. is the sectional view taken along the |ine
X-X in 'E! . 1 \ 9 I ustrates the sectional view - taken
-along t [ 9b ] q 7. A recess 40 is provi ded at the | ower
substr at 38:Hiﬁﬁﬂﬂ| n that a . larger space than the previous
enbodi meptjis provided w 25 the fuse. The mcro-chip fuse can be
manuf act bir accor ance with the sane steps as enployed in the

previ ousj enhodinpatems Accgg ding to the present enbodi nent,
a Iarger space

is taken away and the metalllc film S5 is wvapor-deposited.

' since the through-bore portions 4 provided at the substrate
2 are filled with the cufed resist 4 and made smooth
thereby, the metallic film 5 is formed as a thin film of
5 uniform thickness.
| As shown in Fig. 1E, the vapor-deposited metallic
film 5 is turned upside down and a photosensitive resist 21
is applied thereon. _

Subsequently as illustrated in Fig. 1F, a photomask 6

10 having a pattern corresponding to the shape of a fusible
element is pladed on the photosensitive resist 21, and_theh
exposure is executed. In this way, the photosensitive
resist 21 is cured to a shape similar to that of the fusible
element to provide a cured resist 24.

15 Subsequently as shown in Fig. 1G, the photomask 6 is
taken away and'the portion of the photosensitive resisf 21
which was not cured is washed with solvent and removed
(developing process), a cured resist 24 having a shape

similar to that of a fusible element is formed on the

20 metallic film 5.

After this, as illustrated in Fig. 1H, when the
metallic £ilm 5 is etched, the metallic film 5 is removed to
leave the portion thereof which will become a fusible
element 7; .

25 Subsequently, as shown in Fig. 1I, the cured
resists 24 and 4 which are respectively provided on and
under the fusible element.7_are removed, whereby a fusible

element 7 which is extended over the through-bore 20 on the



- 13 - "f:i"iwum: 5*&ﬂ,a e el enent can be provided, so that even in

such a clEsg ‘bl ¢ material having a high thernal expansi on
coefficieng i Hil a fusible elenent, and t he fusible el enent
is elong d'ﬁﬁggggﬁﬁiat;fthe fusible 5 elenent does not cone into contact
with thel npin body or the; | i ke of a fuse, whereby the inherent

charactefistics of a

-9 -

substrate 2 is provided. The through-ﬁéée 50 is shaped into
a truncated cone form with’ithe diameter thereofiat the side
of the fusible element 7 being smaller than that thereof at
the opposite side, whereby the cured photosensitive resist 4

5 can be easily removed. However, the present invention is
not intended to be limited to this shape.

Subsequently as illustrated in Fig. 1J, a substrate 8
which serves to cover the through-bores 20 provided on the
substrate 2 is bonded to the substrate 2 by means of a

10 bonding agent 9. |

Then, as shown in Fig. 1K, a substrate 10 having
recesses 30 corresponding tp the through-bores 20 provided
on the substrate 2 is bonded to the substrate 2 by means of
a bonding agent 9 in a manner that each recess 30 and each

15 corresponding through-bore 20 are in-alignment with each
other to form a space 11 around the fusible element 7.

In this manner, spaces 11 are respectively provided
around the fusible elements 7 and such a construction is
provided as the fused portibn of a fusible element does

20 not get in touch with the main body of a fuse constituted
by lamination of respective sﬁbstrates 10, 2 ahd 8. In
Fig. 1K, reference riumeral 12 designates a fuse unit having
a main body of three layer construction. After the said
unit is divided and each provided with electrodes, it then

25 functions as a fuse.

Fig. 2A illustrates an example of the substfétes
laminated accérding to the steps shown in Figs. 1A through

1K. While electrodes may be attached to the respective fuse
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fusible R P “’gﬁgg%intained. Next, a further enbodi nent
of the “t.ﬁEﬁmgimﬁ different fromthe previous enbodi nent in

t hat t he 10 of ta micro-chip fuse is constructed by |am nation of
t wo ' 399% expl ai ned. , The met hod of manufacturing
such a fidgro-chip fuse will first be expl ained. Figs. 10A
throughj10H TTTusTratre"st ¢ps of the method 15 of manufacturing a

m cro- chip.fuse accordingito another - 1@nbodi nent of the present

i nventi on. As shown in Fig. 10A, a plurality of recesses 50 ar

10

15

20

25

units 12 after the laminated substrates 10, 2 and 8 are -
together divided into a plurality of fuse units 12, |
according to tﬁe present embodiment, electrodes are attached
at one time to a plurality of fuse unites 12.

Fig. 2B illustrates an example of the laminated
substrates which have bean cut in a manner that the fusible
elements within the fuse units are arranged in parallel.
Since electrodes are collectively attached to a p;urality
of fuse units 12,.the substrates are so cut that fusible
elements are arranged in parallel in the fuse unit 12 as
shown in Fig. 2B

Fig. 3 illustrates an example of the plurality of
fuse units shown in Fig. 2B, to which electrodes are
attached at one time. As shown in Fig. 3, electrodes 13
and 13 are collectively attached to the plurality of fuse.
units 12. Subsequently, the plurality of fuse units 12 with
electrodes 13 are individually cut to provide a micro-chip
fuse as shown in Fig. 4. |

Next, the construction of a micro-éhip fuse 14 which
has been manufactured in accordance with the steps above
explained will be explained. Fig. 5 illustratés the section
taken along the line X-X' in Fig. 4. Fig. 6 illustrates the
section taken along'the line Y-Y' in Fig. 4.

The micro-chip fuse 14 is such a fuse having a length
of approximately 1.5 mm - 3 mm, a width of approximately
1.5 mm and a height of approximately 1.5 mm. The substrates
2, 8 and 10 ﬁhich.constitute the main body 32 of a fuse are

respectively comprised of a heat-resistant, electrically



Fi6. These recesses 50 constitute portions of

rovid
Epéces ind fusible elenents at 20 the tine of conpletion
of mang -or t he pur pose of causing fuse elenents to be
ext endéd ovbr F?i)se recesses 50, a photosensitive resist is used to
t enpor 4ri £+ pse recesses 50. Photosensitive resist is poured

into the recesses 50 pro*lded on the substrate 16 and then 25 cured to
fill tf *fh so cured resist BY.- Subsequently as
shown in Fig. gsited to forma netallic film

OB d
55. Since the P& - r{‘é‘é‘QSBa%erggg BRYiRE % E NegFsLeSFthan ok M | | ed with

cured resist Hince the space 11 is provided around the fusible element 7,

the heat which may be generated at the printed board on
which surface a micro-chip fuse 14 is mounted is not

5 conducted to the fusible element 7 and élso the heat
generated at the fusible element 7 does not escape
externally along the fuse body 32 of the fuse. _

The shape of a trapezoid for the space defined aroﬁnd

the fusible element 7 has been considered so that the cured

10 resist can be easily removed. The shape of such a space is
not limited to this shape. It is to be understood, however,
that if the'space is shaped to be truncated-conical, the
cured resist which might have been filled in the through-
bore at the time of manufacture can be more easily removed.

15 In this way, according to the émbodiment of the
present invention, the fusible element can ﬁa accommodated
within the main body comprised of heat resistant,
electrically insulating material without the fused portions
of fuse element between the electrodes getting in touch with

20 other portions of the fuse. The process described
hereinbefore has made it possible to manufacture a fusible
element more fine than a metallic wire which was
conventionally used, besides making it possible to
manufacture a fuse having a fusible element with a lower

25 heat capacity. This allows any fusible materials among such
metals, alloys or the like which could hot be made finer due
to the inherent characteristics of the materials in question

to be utilized making it possible to manufacture fuses
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- 14 -REPLAWQHEE@)OW thereby, the netallic film55 can be forned

as a fh “TYRTavigy aj uni f orm t hi ckness. As illustrated in
Fig. :0_( Pq.t?qg? t va resist 51 is applied on the vapor-deposited
metal ki ¢ fiImb. Subsequently, as shown in Fig. 10D, a phot omask
6 :
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having a.pre-ércing time current characteristic which could
not so far be provided. In addition, since the thickness
of a fusifle element can be readily altered, fuses having
different current capacity or other characteristics can be

5 easily fabricated.

According to the embodiment of the present invention,
such a construction is provided so that the fusion portion
of a fusible element between eléctrodes is prevented from
getting in touch with other portions of the fuse and the

10 fusible element is constructed similérly to tube type fuse
.known as a normal fuse. Accordingly, the fuse according the
present invention is extreme subminiature, and also has high
reliability. |

Figs. 7, 8, and 9 illustrate the construction of a

15 micro-chip fuse 15 having a recess at the lower substrate
disclosed in the previous embodiment and a larger space.

Fig. 7 shows the external view of the miéro-chip fuse
which is ndt different from the one shown in the previous
embodiment.

20 Fig. 8 is the sectional view taken along the line
X-X' in Fig. 7, while Fig. 9 illustrates the sectional view
taken along the line Y-Y' in Fig. 7. A recess 40 is
provided at the lower substrate 38 and it is seen that a
larger space than the previous embodiment is provided with

25 the fuse. The micro-chip fuse can be manufactured in
accordance with the same steps as employed in.the previous
embodiment.

According to the present embodiment, a larger space



havi ng .patterns corresponding to that of a fusible el ement I's placed

on the photosensitive resist 51, and then exposure i s executed.
Exposur.e causes the photosensitive resist 51 ‘to be cured in the sane
pattern as that of a fusible element 10 to provide a cured resist 58.
Then, as shown in Fig. 10E, the photomask 56 is taken away, and when
the portion of the photosensitive resist 51 whi ch has not been cured
is washed with solvent and renoved ‘(déheloplng process), the cured

resi st 58 havi e_s hape .as th t of t usi bl e el enent ,can be
formed on the qu£gnet§ﬁ$ib£? éi t can e prov{ﬁéé so that even in

such a case where a metallic material having a high thermal
expansion coefficient is employed for a fusible element, and
the fusible element is elongated due to heat, the fusible

5 elemeﬁt does not come into contact with the main body.or the
like of a fﬁée, whereby the inherent characteristics of a
fusible element can be maintained.

Next, a further embodiment of the present invention
different from the previous embodiment in that the main body

10 of a micro-chip fuse is constructed by lamination of two
substrates is explained. |

The method of manufacturing such a micro-chip fuse
will first be explained.

Figs. 10A through 10H illustrate steps of the method

15 of manufacturing a micro-chip fuse according to.another
embbdiment of the present invention.

As shown in Fig. 10A, a plurality of :ecesses_so are
provided on a substrate 16. These recesses 50 constituté
portions of spaces to be defined around fusible elements at

20 the time of completion of manufacturing fuses. For the
purpose of causing fuse elemenfs to be extended over those
recesses 50, a photosensitive resist is used to temporarily
£ill these recesses 50. Photosensitive resist is poured
into the recesses 50 provided on the substrate 16 and then

25 cured to fill the recesses 50 with so cured resist 54.

Subsequently as shown in Fig. 10B, metal is vapor-
‘deposited to form a metallic film 55. Since the recesses 50

provided on the substrate 16 are filled with cured resist 54
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RLACEMENT SHBET IR 9. 10F, when the netallic filmss is
the portion offthe netallic film5 which . is not covered with
di r epSFEBWITS Ir gnoved, |eaving 20 the portion of the metallic
ich is covergd wth the cured photosensitive resist 58 and

; el ement 57. Subsequently as shown in
the cured resi§ts 58 and 54 which are respectively |ocated
on and ander Tust bl e el enent 57- &% venoved. As the consequence, a

fusible elenment. 57 extended over the recess 50 pravided on t he
substrat e 16agghnﬁgepﬁggpagdthereby, the metallic film 5% can be formed

as a thin film having a uniform thickness.

| Subsequ
et ched,

As illustrated in Fig. 10C, photosensitlve resist 51
is applied on the vapor-deposited metallic film 5.

5 Subsequently, as shown in Fig. 10D, a photomask 6
having patterns qorresponding to that of a fusible element
is placed on the photosensitive resist 51, and then exposure
is executed. Exposure causes the photosensitive resist 51
to be cured in the same pattern as that of a fusible element

10 to provide a cured resist 58.
Then, as shown in Fig. 10E, the photomask 56 is taken _
away, and when fhe portion of the photosensitive resist 51
which has not been cured is washed with solvent and removed
(developing process), the cured resist-58 having the same
15 shape as that of the fusible element can be formed on the
metallic £ilm §5. | |
Subsequently as shown in Fig. 10F, when the metallic
‘£ilm 55 is etched, the portionlof the metallic film 5 which
is not covered with the cured resist 58 is removed, leaving
20 the portion of the metallic f£ilm 55 ﬁhich is covéred with
the cured photosensitive resist 58 and will become a fusible
element 57.
Subsequently as shown in Fig. 10G, the cured resists
58 and 54 which are respectively located on and under the
25 fusible element 57 are removed. As the consequence, a
fusible element 57 extended over the recess 50 provided on
the substrate 16 can be provided.

After that, as shown in Fig. 10H, a substrate 17



EJ. 10H, a substrate 17
- 15 - haV|n re ds {60 corresponding to the recesses 54 provided
on the subst atld EE 'ﬁsi nddgd to the substrate 16 by neans of a
bondi ng a 59 in the ndnrjer where each recess 60 and each
correspondi ng Tecess b4 arefin alignment wth each
* - 15 -

10

15

20

25

having recesses 60 cqrrespohding to the recesses 54 provided
on the substrate 16 is bonded to the substrate 16 by means
of a bonding agent 59 in the manner where each recess 60 and
each corresponding recess 54 are in alignment with each
other to form a space 62 around the fusible element 57.

In this way, the space 62 is provided around thé
fusible element 57 and such a construction is provided as
the fused portion of the fusible element 57 does not come
into contact with any part of the main body 63 of the fuse
comprised of lamination of thé respective substrates 16 and
17. 1In Fig. lOH{ reference numeral 18 designates the fuse
unit having a main body 63 comprised of two substrates 16
and 17 and, after being divided and respectively provided
with electfodes, serves respectively as a fuse. The step of
attaching electrodes to.the fuse unit 18 is similar to that
of the previous embodiment and the external view of a micro-
chip fuse provided with electrodes 13 and 13 is illustrated
in Fig. 11. |

Fig. 12 illustratés the sectional viéw of a micro-
chip fuse 19 taken along the line X-X' in Fig. 11, while
Fig. 13 illustrates the sectional view of a micro-chip fuse
19 taken along the line Y-Y' in Fig. 11.

Similar to the embodiment as described above, this
micro-chip fuse 19 has a length of apprbximately 1.5 - 3 mm,
a width of approximately 1.5 mm and a height of
approximately 1.5 mm. The substrates 16, 17 constituting
the main body 63 of a fuse are respectivelY comprised of

heat-resistant, electrically insulating material having a
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this way,
such a con#
el enrent 57

63 of the
and 1v.
uni t havi ni

ﬁgﬁmﬁﬁﬁééﬂﬁiﬂjround the fusible el enent 57. I n
-gpace 62 i s3priovi ded around the fusible elenent 57 and
Cf Fg@g r%w ded as the fused portion of the fusible
e$ cone § into contact with any part of the main body
' of lam nation of the respective substrates 16
erence nuneral 18 designates the fuse

onpri sed of twé Substrates 16 and 17 and,

In Fig. 10H .re

after bekng d%&igﬁgeggd efé?%téha?}}i %gxow g?gcéﬁlthe STRA h el es O%%?H.gegr ves

respectively
unit 18 is si

as a ruse $% o
Hrbahd! enéhAlisible element 57, the heat which may be

use

generated at the printed bogrd on which surface a micro-chip
fuse 19 is mounted is not conducted to the fusible element
57 and the heat which may be generated at the fusible
element 57 does not escape externally along the main body 63

of a fuse.

The micro-chip fuse provided by this embodiment of

- the present invention does not cause, like the previous

10

15

20

embodimenp, the fused portion of.the fusible element 57
between electrodes 13 to come into contact with any other
portions of the fuse and allows a fusible element 57 to
be accommodated in the main body 63 comprised of heat-
resistant, electrically insulating material, thus providing
the same effect as that of the previous émbodiment, as a
matter 6f course. -

The present invention has been described in detail
with reference to certain preferred embodiments thereof, but
it will be understood that variations and modifications can

be effected within the spirit and scope of the invention.



of the prJﬂﬂHJMC | %nd the external view of : chip fuse?
provided with electrodes {13} and 13 is illustrated &m ﬂmmumu
Fig. 12 i}l ystA5tFEB 89% skctional view of a micro- aken

al ong the liine X-X .in Fig.}11, while Fig. 13 |IIustrates the *
sectional }vi orTaTm croj}ﬂ p fuse 19 taken along the line Y-Y' .
Fig. 11. Si.ml to the enbodi ment as descri bed above, this
mcro-chip fuse 19 has a length of appr0x¥%Hter 1.5- 3 mm 25 a wdth
of approximately 1.5 nmm and a hei ght of approximately 1.5 nm The
substrates 16 filac','ﬂhst ituting

1. A micro-chip fuse comprising:

a main body constructed by the laminated layers of at
least two substrates made of heat-resistant, electrically
5 insulating material, said main body having a space therein;
a fusible element made of a metallic film which is
formed by a depositioning process and has both end portiops
and a middle portion, said both end portions being
sandwiched between said substrates, and said middle portion
10 extending within said space; and
electrodes provided at the opposite ends of said main
body and electrically connected to said both end portions of
said fusible element. _
2. A micro-chip fuse as claimed in Claim 1 wherein said
15 metal is fusible.
3. A micro-chip fuse as claimed in Claim 1 whérein said
two substrates respectively include a recess, and said_space
islformed by the recesses.
4. A micro-chip fuse as claimed in Claim 1, further
20 including an additional substrate which is sandwiched
between said two substrates and has a through-bore, wherein
one of said two substrates has a recess; and
-said space is formed by said recess of said one of
said two substrates, said through-bore of said additional
25 substrate, and the other of said two substrate.
| 5. A micro-chip fuse as claimed in Claim 4 wherein said
other of said two substrates has a recess, and said space

is formed by said recesses of said two substrates, and said
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through-bore of said additional substrate.
6. A micro-chip fuse as claimed in Claim 2 wherein said
two substrates respectively include a recess, and said space
is formed by the recesses.
7. A micro-chip fuse as claimed in Claim 2, further
including an additional substrate which is sandwiched
between said two substrates and has a through-bore, wherein

one of said two substrates has a recess; and

said space is formed by said recess of said one of
said two substrates, éaid through-bore of said additional
substrate, and the other of said two substrate.
8. A micro-chip fuse as claimed in Claim 7 wherein said
other of said two substrates has a recess, and said space
is formed by said recesses of said two substrates, and said
through-bore of said additional substrate.
9. A method of manufacfuring a micro-chip fuse
comprising the steps of:

providing at 1easf one through-bore through a first
substrate made of heat-resistant, electrically insulating:
material;

filling said.through-boie with a first photosensitive
resist to make smooth at least one surface of said first
substrate, said surfaée including the portion of said
through bore; |

curing the_portioq of said filled first
photosensitive resist at the ﬁide of said smoothed surface;

depositing metal on said smoothed surface of said

first substrate to form a metallic film:

_—
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metallic film;
élacing on sai§ second photosensitive resist a
photomask including a pattern of a desired shape of a
5 fusible element, effecting an exposure and a development,
etching said metallic film,'and removing said photosensitive
resists to form the fuéible element made of the metallic
film extending over said through-bore;
placing said first substrate on a second substrate
10 made of heat-resistant, electrically insulating material in
a manner that the surface of said first substrate opposite
to the surface on which said fusible element is formed faces
sald second substrate;
placing a third substrate made of heaf-resistant,
15 electrically insulating material and including at least one
recess, on said first subétrate in a manner that said recess
is in alignment with said through-bore:;

laminating said first, second and third substrates;

20 providing electrodes on said substrate, said _

| electrodes electrically connected to both ends of said
fusible element.
10. .A method as claimed in Claim 9 wherein said first
substrate includes a plurality of through-bores, and said

25 second substrate includes a plurality of recesses; said

- method further including the step of dividing said laminated

substrates to form individual chip-shaped micro fuses.

11. A method as claimed in Claim 9 wherein said second
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.substrate is provided with at least one recess, and

said laminating step includes placing said first
substrate on said second substrate in a manner that said
through-bore of said first substrate is in alignment with
said recess of said second substrate.
12. A method of manufacturing a micro-chip fuse
comprising the steps of:

providing at least oﬁe recess on a first substrate
made of heat-resistant, electrically inéulating material;

filling said recess with a first photosensitive
resist to make smooth the surface of said first substrate,
said surface including the portion of said recess:

curing said filled first photosensitive resist:

depositing metal on said smoothed surface of said
first substrate to form a metallic film;

applying a second photosensitive resist on said
metallic £film;

placing on said second photosénsiti&e resist a
photomask including a pattern the desired shépe of a fusible

element, effecting an exposure and a development, etching

- said metallic £film, removing said photosensitive resists to

25

form the fusible element made of the metallic film extending
over said recess:

placing a second substrate made of heat-resistant,
electrically insulating material and including at least one
recess, on said first substrate in a manner that said recess

of said second substrate is in alignment with -said recess of

said first substrate;

/=
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portions an '
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a dep05|t|on|ng process and has both end
rtion, sai #*doth end portions being
sandwi ched Thaving SHDS£51e2S andSbRid sUbSEla 20T Lh@N ext ending
wi thin said space; and el ectrodes provided at the opposite ends of
said mai n body providing electrodes on said substrate, said

electrodes electrically connected to both ends of said
fusible element. |

5 13. A method as claimed in Claim 12 wherein said first
and second substrafes respectively include a plurality of
recesses:.said method further including the step of dividing
said laminated substrate to form individual chip-shaped

micro fuses.-

10 14. A micro-chip fuse produced by using the method as
claimed in Claim 9.

15. A micro-chip fuse produced by using the method as

claimed in Claim 12.

16. A method of manufacturing a micro-chip fuse substantially
as described herein with reference to and as illustrated in
Figure 1 of the accompanying drawings.

17. A micro-chip fuse manufactured By the method of Claim 16
and substantially as described herein with referencé to and aé
iLlustrated in Figufes 2 - 6 of the accompanying drawings.

18. A micro~chip fuse substantially as described heréin )

with reference to ‘and as illustrated in Figures 7 - 9 of the
accompanying drawings. - -

19. A method manufacturing a micro-chip fuse substantially

as described herein with reference to ﬁnd as illusérated in
Figure 10 of the accompanying drawingé.

20. A micro-chip fuse manufactured by the method of Claim 19,
and substantially as described herein with reference to and as

illustrated in Figures 11 - 13 of the accompanyiﬁg drawings.
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and eleoqu Al &d to said both end portions of said fusible
el enent . PPFEEEETACR- ﬁ thitp fuse as clained in daim1l wherein said two
subst r-at j i ncl ude a recess, and said space is formed by
t he recegses. o= ilcrio-chip fuse as clained in aim1, further

I ncl udi-ng R-atestd opal substrate which is sandw ched between said

t wo sﬁﬁrﬂrates and hag a through-bore, wherein one of said two
subst r at gs_has—e=eEess“and said space is formed by said . recess of
said one of said two substrates, said throggh-bore of said additional

substrate, and the other of sald t wo
_ : ABSTRACT

A MICRO-CHIP FUSE AND METHOD OF
MANUFACTURING THE SAME

A micro-chip fuse and a niethod of manufacturing
the same is disclosed which includes a fusible element
made of a metallic £ilm that is formed by a
depositioning process. Through-bores (20) are
provided through a first substrate (2) and filled with
a photosensitive resist (1) to make smooth the

surface of the first substrate. After curing the
resist, metal is deposited on the surface of the first
substrate to form a metallic £film (5). A

photosensitive resist (21) is applied to the metallic
" film (5) and a photomask (6)  is placed . on the
resist (21) to effect an exposure and a development.
The metallic film is etched and the resists are removed
to form the fusible elements (7) made of the metallic
film extending over the through4bores. A 'se_cond
substrate (8) is placed under the first substrate (2),
and a third substrate (10) including recesses (30) for
covering the through-bores (20) is placed on the first
substrate (2) to laminate them. Electrodes (13) are
provided on the ends of the substrates. The laminated

substrates are divided into individual_ micro-chip
fuses (14).

Figure 1A
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substratéﬂ%gﬁh"a éi&éé@g?ic-film appl ying a second photosensitive
resi st ow-sa&ﬁsﬁﬁéﬁbb%c film pl aci ng on said second
phot osengi { i a jphiot omask including a pattern of a desired
shape of|alfusible elengnti effecting an exposure and a devel opnent,
etching pa metallicl film and renoving said photosensitive resists
to ' el ement mads8f the netallic filmextendi ng
over said through-bore; placing said first substrate on a second
substrate nade of heat -resi stant, electrically insulating material in
a manner that the surface of said first substrate opposite to the
surface on whi chSfy] f?i'qe element is forned faces said second
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el ectrif _ @ﬂg@egﬁ{%ﬁo both ends of said fusible el enent. 6. A
met hod ' i €ai’m5 wherein said first substrate i ncl udes a

pl uralit}lyj of bores, and said second substrate includes a
plurality of~1$§r£':@2!; L i d nmet hod further including the step of
di vi di n; E_Q,LQ,LamAalaeelj substrates to formindividual chip-shaped

m cro fgses. 7. A nmethod as claim®7%n Caimb5 wherein said second
subst r ate- =s=provited with at | east one recess, and said | am nating
step includes placing said first substrate on said second substrate in
a manner that said through-bore of said first -substrate is in

alignnment with said recess of said ﬁf& 7 substrate.
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ef fecti: WQQ S[FERT|a devel opnent, etching said . netallic film
renovi nd §aFE= tifve resists to form )
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a main body constructed by the laminated layers of at least
two substrates made of  Theat-resistant, electrically
insulating material, said main body having a space therein;
a fusible elenmient made of a metallic film which is formed by
a depositioning process and has both end portions and a
middle portion, said both end portions being sandwiched
between said substrates, and said middle portion- extending
within said space; and

electrodes provided at the opposite ends of said main body
and electrically connected to said both end portions of said

fusible element.

2. A micro-chip fuse as claimed in Claim 1 wherein said two
substrates respectively include a recess, and said space is

~ formed by the recesses.

3. A micro-chip fuse as claimed in Claim 1, further including
an additional substrate which is sandwiched between said two
substrates and has a through-bore, wherein one of said two
substrates has a recess; and said space is formed by said
recess of said one of said two substrates, said through-bore
of said additional substrate, and the other of said two

substrate.

4. A micro-chip fuse as claimed in Claim 3 wherein said other
of said two substrates has a recess, and said space is
formed by said recesses of said two substrates, and said

through-bore of said additional substrate.
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A method of manufacturing a micro-chip fuse comprising the
steps of:

providing at least one through-bore through a first
substrate made of heat-resistant, electrically insulating
material;

filling said through-bore with a first photosensitive resist
to make smooth at least one surface of said first substrate,
said surface including the_portion of said through bore;
curing the portion of said filled first photosensitive
resist at the side of said smoothed surface;

depositing metal on said smoothed surface of said first
substrate to form a metallic film;

applying a second photosensitive resist on said metallic
film;

placing on said second photosensitive resist a photomask
including a pattern of a desired shape of a fusible element,
effecting an exposure and a development, etching said
metallic film, and removing said photosensitive resists to
form the fusible element made of the metallic film extending
over said through-bore;

placing said first substrate on a second substrate made of
heat-resistant,.electrically insulating material in a manner
that the surface of said first substrate opposite to the
surface on which said fusible element is formed faces said
second substrate;

placing a third substrate made of heat-resistant,
electrically insulating material and including at least one
recess, on said first substrate in a manner that said recess
is in alignment with said through-bore;

laminating said first, second and third substrates; and
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providing electrodes on said substrate, said electrodes

electrically connected to both ends of said fusible element.

A method as claimed in Claim 5 wherein said first substrate
includes a plurality of through-bores, and said second
substrate includes a plurality of recesses; said method
further including the step of dividing said laminated

substrates to form individual chip-éhaped micro fuses.

A method as claimed in Claim 5 wherein said second substrate
is provided with at least one recess, and said laminating
step includes placing said first substrate on said second
substrate in a manner that said through-bore of said first
substrate is in alignment with said recess of said second

substrate.

A method of manufacturing a micro-chip fuse comprising the
steps of: _
providing at least one recess on a first substrate made of

heat-resistant, electrically insulating material;

 filling said recess with a first photosensitive resist to

make smooth the surface of said first substrate, said
surface including the portion of said recess;

curing said filled first photosensitive resist;

depositing metal on said smoothed surface of said first
substrate to form a metallic film;

applying a second photosensitive resist on said metallic
£film;

placing on said second photosensitive resist a photomask
including a pattern the desired shape of a fusible element,
effecting an exposure and a development, etching said

metallic f£ilm, removing said photosensitive resists to form
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the fusible element made of the metallic film extendihg over
said recess;

placing a second substrate made of heat-resistant,
electrically insulating material and including at least one
recess, on said first substrate in a manner that said recess
of said second substrate is in alignment with said recess of
said first substrate;

laminating said fifst and second substrates; and providing
electrodes on said substrate, said electrodes electrically

connected to both ends of said fusible element.

9. A method as claimed in Claim 8 wherein said first and second
substrates respectively include a plurality of recesses;
said method further including the step of dividing said
laminated substrate to form individual chip-shaped micro

fuses.
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