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TECHNI CAL FI ELD The present invention relates to electronic
conponents such as a nultilayer varistor etc. , and a nethod of
manuf acturi ng the sane. BACKGROUND ART A conventional electronic

conponent having at |least a pair of electrodes on the surface of body is
| npregnated with resin on the
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surface only in an area where the el ectrodes are not forned. The
matef-registing quality may be inproved by the resin inpregnated in the
body. However, there is a problemin the above described structure that-
the water etc. sneaks into through the edge of el ectrode causing
deteriorated characteristics. DI SCLOSURE OF THE | NVENTI ON
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The present invention ains to present an el ectronic conponent wth which
t he sneaki,ng of water etc. through the electrode edge is prevented by
covering the electrode edge with an insulating |ayer. An el ectronic
conponent according to the present invention conprises a body, at |east a
pair of electrodes formed on the surface of the body at a specified gap,
and an i nsul 0821588/ er provided for covering the surface ofPCEN@YINOI46 | N
an area where the el ectrodes are :
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not farned and the edge of the el ectrode, wherein at |least a part of the
I nsul ation layer is fornmed by inpregnating an insulation material into
Wi t hi n-the-surface of the body. Wth the above described structure in
whi ch an insul ation |ayer provided on the surface covers
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-2- the edge of electrodes, peeling-off at the edge of electrode is

preévented, at the sane tine the sneaking of water through the electrode
edge is al so avoi ded. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig.1is a
cross sectional view showing a multilayer varistor

WO 97/27598 ' PCTIIP97/00146
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according to an enbodi nent of the present invention. Fig.2 is a chart
showi ng manufacturing process steps of a multilayer varistor according to

an enbodi ment
showi ng a vari
enbodi nent of
showi ng a vari 3oV

of the present invention. Fig.3 is a cross sectional view
stor after silicone varnish inpregnation according to an

the present invention. Fig.4 is a cross sectionéa | ew
B@P Ber centrifugal processing according to g'né%@BHVﬁEnt

of the present invention.
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Fig.5 is a cross sectional view showing a varistor after toluene

i Aapr egnati on according to an enbodi nent of the present invention. Fig.6 is
a cross sectional view showing a varistor after silicone resin curing
according to an enbodi nent of the present invention. Fig.7 is a cross
sectional view showing a varistor after grinding according to an

enbodi ment ofvotshares esent i nventi on. PCT/IP97/00146
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BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON In the follow ng, an

el ectroni c. conponent according to the present invention and a nethod of
manufacturing the sane is described in detail referring to drawi ngs.

As shown in Fig. 1, there are plural internal electrodes 2 made- nainly of

nickel (Ni), i % ristor 1. These internal electrodes 2 :
’ 7 ! .
alternately pulle Eou to respective ends of varistor 1 to beEB’(‘%"‘"'”"“'1“6
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el ectrically connected with external electrodes 3. The external electrode
3 is conprised of at least two |ayers; an inner layer 3a is nade mainly of
Ni, an outer layer 3b is made mainly of silver (Ag). - 3 -

10

15

14.

15.

16.

17.

18.

WO 97127598 PCT/IP97/00146

10
lB. YV 742z FHWB. 7=/ - VE#EDS 50 Hp
BLEL—RBEBLULLTHB L LE2HB LT 3BF 2o
BAHE,
HBROMBESBIF LB VWL, X288 RLEMs# -8
BTMET 3 L2HBULETIBTIHREONBZ &,
MROFHEABITF LRSIV, XA ZTOoOFERBDOR =
B. BLOOKE.,. FRIFTBELEFC ISR, aBK L
RELEVWHRLOEMOISBDHELLb—~2 2B WTH
ITEERBpETIRBRFERONEBES B
BMROMBE1ISHALFP VT . BMEXBE.Si02, Z 1 02,
Al:0, MgO0OOD53BDEEL—HBREUEEZSATYL
3l LERMETABTHRRONERE,
HROBBEBSIOH BV T. HER, DA L LXGEH
BEEANAEEBLEMSE TR ICLERMETIRT
WEOMBHE. |
AROBRBEBIF LI LT, XEoEREtHBR L TH
CBBEERT ACLEEBRLETIBTIFRRBRONB I E,

e ———

_—ﬁlllllc\ 0 A R

*



A ceram c sheet | a existing between and outside the internal electrodes 2
is made mainly of SrTiderr], containing No[err]Jerr], SidJerr] etc. as

subordi nate conponent. A within-the-surface insulation layer 30 is a |ayer
formed by covering the porous surface inside the varistor 1 or filling the

pore with sili in. An outside-the-surface insulation | ,593;00' a

| ayer of sili c‘%ﬁg%?é n covering the edge of external el ectrggglr : Jd% t he
surface of external electrode 3 is a layer of plating 4, conprised of N

| ayer 4a and sol der |ayer 4b. 1/8

Fig./
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B role

As shown in Fig. 2, the ceramc sheet la is manufactured through the
process (11); mxing of raw materials, calcination, crashing, slurrying and
forming in a sheet form The ceramc sheet la and internal electrodes 2
are lamnated (12), cut (13), binder is renoved (14), chanfered (15), and
the edge is curved. Inner layer 3a of external electrode 3 i

b Tiotilas
t hr ough coat i W %728398and sinteri ng (17) at 1200 - 1300[err]C I n redum ng
at nrosphere. Then, outer layer 3b is

2/8
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formed through coating (18) and heating (19) at 800 - 850[err]C for
reoxfdizhng._A conpletely dried varistor 1 is imersed (20) in silicone
varni sh containing 75%tol uene as resolvent to have the varistor 1

I npregnated with silicone varnish. Varistor 1 is pressurized (21) by
6 - 1500kg/c e.g. 2 mnutes while being i mersed i Ll j.cone
varnish in o?h@#abﬁkﬁ%ve the varistor 1 inpregnated further with the o

silicone varnish, and then restored to tgﬁsnornal at nospheric pressure, at
whi ch the

i Fig.3

5 2




mul tilayer varistor is put on service. The varistor 1 at this stage 1is
covered thick with silicone varnish 5 for the entire surface, with the
vaistor 1 and the external electrodes 3 inpregnated with silicone varnish
5, as shown in Fig. 3. The pressurizing force may be determ ned according
to the density of varistor 1; nanely, varistor 1 of a higher |

be pressuri ze%"%?’??"%? hi gher force 1¥or the weasier i rrpreggat i Sﬁiﬂféﬁ;ﬁ"h‘gﬁy
case of a varistor whose nain conponent 4/8 '

Fig.4




4 s ZnO, the density of which is high and the pressurizihg force may

be raised to 500 - 1500kg/cnierr].

si licone’varnish, and put

WO 97727598
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into a netal basket (or nmetal net etc.) to be set on a centrifugal :
separator. having i nner dianeter of e.g. 60cmrunning at 500 - 1500 r/mn.
(22 in Fig. 2) for renoving nost portion of unnecessary silicone varnish -
sticking on the surface of varistor 1, as shown in Fig. 4. Then, the netal
basket cont ai ny varistor is immersed in toluene (23) , g4 for
5 - 60sec., ta g%”%ﬁ?? and quickly heated at e.g. 60[err]C fg¥h?%g% |ﬁb

t he tol uene sticking on the surface :

6/8

Fig.6




of varistor 1, as shown in Fig. 5. |Instead of imrersing in tol uene,
varistor 1 may be taken out of the netal basket to be put in SiJerr]
powder, which is inert to the silicone varnish, to have unnecessary
silicone varnish 5 sticking on the surface of varistor 1 absorbed, and
t hen separatin ristor 1 using a sieve or such other devj
Throughpthe abggéhggggribed procedu?e, unnecessary portion of %?ﬁﬁ?% 46
varnish 5 sticking on the surface of varistor 1 is renoved.

7/8
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And t hen, varistor 1 is put on a netal net to be heated at a tenperature
(approxismately 125 - 200[err]C) higher than the curing tenperature of
silicone resin contained in the silicone varnish 5 for curing (24) the
silicone resin. When, a part of the silicone resin inpregnated within
external el ectyggfsrseg and i nside of varistor 1 is separated gefboinedy "
the surface, and a varistor 1 as shown in Fig. 6 is obtained. After this,
varistor 1 is put into a container of e.g. polyethylene together with an
abrasive of SiC and water, the

8/8
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conf ai ner seal 8d, and provided with mechani cal novement such as
r'evol ution, vibration etc. for grinding (25) the surface, in order to

renove the silicone resin covering the surface of external electrodes 3 to

a degree so as plating and other succeeding process steps are not

ili-affected. During the surface grindi"fg (25), the silicone P14610

SPECIFICATION

TITLE OF THE INVENTION

Electronic Component and Method of Manufacture Therefor

TECHNICAL FIELD
The present invention relates to electronic components such as a

multilayer varistor etc., and a method of manufacturing the same,

BACKGROUND ART

A conventional electronic component having at least a pair of
electrodes on the surface of body is impregnated with resin on the
surface only in an area where the electrodes are not formed.

The water-resisting quality may be improved by the resin
impregnated in the body. However, there is a problem in the above
described structure that the water etc. sneaks into through the edge

of electrode causing deteriorated characteristics,

DISCLOSURE OF THE INVENTION

The present invention aims to present an electronic component
with which the sneaking of water etc. through the electrode edge is
prevented by covering the electrode edge with an insulating layer.

An electronic component according to the present invention
comprises a body, at least a pair of electrodes formed on the surface
of the body at a specified gap, and an insulation layer provided for
covering the surface of -‘the body in an area where the electrodes_are
not formed and the edge of the electrode, wherein at least a part of
the insulation layer is formed by impregnating an insulation material
into within-the-surface of the body. With the above described

structure in which an insulation layer provided on the surface covers

Sheet Has Been Re laced
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-5-*.resin on the surface of external electrodes 3 is selectively renoved
by a nechanical stress given to varistor 1 due to a fact that the adhesi on
strength of silicone resin after curing is stronger with respect to
varistor | than with the surface of external electrode 3.

-2

P14610
the edge of electrodes, peeling-off at the edge of electrode is

prevented, at the same time the sneaking of water through the

electrode edge is also avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l is a cross sectional view showing a multilayer varistor
according to an embodinent of the present invention. Fig.2 is a
chart showing manufacturing process steps of a multilayer varistor
according to an embodiment of the present invention. Fig.3 is a
cross sectional view showing a varistor after silicone varnish
impregnation according to an embodiment of the présent invention,
Fig.4 is a cross sectional view showing a varistor after centrifugal
processing according to an embodiment of the present invention.
Fig.5 is a cross sectional view showing a varistor after toluene
impregnation according to an embodiment of the present invention.
Fig.6 is a cross sectional view showing a varistor after silicone
resin curing according to an embodiment of the present invention.
Fig.7 is a cross sectional view showing a varistor after grinding

according to an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following, an electronic component according to the
present invention and a method of manufacturing the same is described
in detail referring to drawings.

As shown in Fig. 1, there are plural internal electrodes 2 made
mainly of nickel (Ni), inside varistor 1., These internal electrodes
2 are alternately pulled out to respective ends of varistor 1 to be
electrically connected with external electrodes 3. The external
electrode 3 is comprised of at least two layers; an inner layer 3a is

nade mainly of Ni, an outer layer 3b is made mainly of silver (Ag).

This Sheet Has Been Réplaéed
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Sone of the silicone resin may remain in the inner surface of
el ectrode 3, the electrical contact of external electrode 3
affected by the silicone resin. The surface of external

ext er nal
i S ‘not
el ectrode 3 of

varistor 1 is plated (26) to obtain a nmultilayer varistor as illustrated

inFig. 1. As described in the abo%e, a nultilayer vari

stor havi ng

enhanced water-resisting property is-inplenmented by the formation df46a0
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electrodes 2 is made mainly of SrTiO2, containing Nb20s, Si0> etc. as
subordinate component. A within-the-surface insulation layer 30 is a
layer formed by covering the porous surface inside the varistor 1 or
filling the pore with silicone resin. An outside-the-surface
insulation layer 31 is a layer of silicone resin covering the edge of
external electrode 3. On the surface of external electrode 3 is a
layer of plating 4, comprised of Ni layer 4a and solder layer 4b,

As shown in Fig. 2, the ceramic sheet la is manufactured through
the process (11); mixing of raw materials, calcination, crashing,
slurrying and forming in a sheet form. The ceramic sheet la and
internal electrodes 2 are laminated (12), cut (13), binder is removed
(14), chanfered (15), and the edge is curved. Inner layer 3a of
external electrode 3 is formed through coating (16) and sintering (i7)
at 1200 - 1300C in reducing atmosphere. Then, outer layer 3b is
formed through coating (18) and heating (19) at 800 - 850C for
reoxidizing. A completely dried varistor | is immersed (20) in
silicone varnish containing 75% toluéne as resolvent to have the
varistor 1 impregnated with silicone varnish.

Varistor 1 is pressurized (21) by 6 - 1500kg/cm? for e.g. 2
minutes while being immersed in the silicone varnish in order to
have the varistor 1 impregnated further with the silicone varnish,
and then restored to the normal atmospheric pressure, at which the
multilayer varistor is put on service. The varistor 1 at this stage
is covered thick with silicone varnish 5 for the entire surface, with
the vaistor 1 and the external electrodes 3 impregnated with silicone
varnish 5, as shown in Fig. 3. The pressurizing force may be
determined according to the density of varistor 1; namely, varistor 1
of.a'higher density may be pressurized with a higher force for the

easier impregnation. In the case of a varistor whose main component



inside the varistor 1, with which nultilayer varistor the peeling-off at
the edge of external electrode 3 is also prevented by the formation of an
outsi de-the-surface insulation |layer 31, and the external elect- rode 3°
does not ill-affect plating (26) and ot her post processes. Now in the
fol'l owi ng, description will be nade on sthte of the noticeable itens
regarding a nultilayer varistor according to the present enbodi nentP146i¢
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external ebectaiedestd sbor rerbodtkg/cn?.

The varistor 1 is taken out of the silicone varnish, and put
into a metal basket (or metal net etc,) to be set on a centrifugal
separator having inner diameter of e.g. 80cm running at 500 - 1500
r/min. (22 in Fig. 2) for removing most portion of unnecessary
silicone varnish sticking on the surface of varistor 1, as shown in
Fig. 4. Then, the metal basket Eontaining the varistor is immersed
in toluene (23j, vibrated for 5 - B0sec., taken out, and quickly
heated at e.g. 60T for removing the toluene sticking on the surface -
of varistor 1, as shown in Fig. 5. Instead of imnefsing in toluene,
varistor 1 may be taken out of the metal basket to .be put in SiO2
powder, which is inert to the silicone varnish, to have unnecessary
silicone varnish 5 sticking on the surface of varistor 1 absorbed, and
then separating the Qaristor 1 using a sieve or such other devices.
Through the above described procedure, unnecessary portion of silicone
varnish 5 sticking on the surface of varistor 1 is removed.

And then, varistor 1 is put on a metal net to be heated at a
temperature (approximately 125 - 200C) higher than the curing
temperature of silicone resin contained in the silicone varnish 5 for
curing (24) the silicone resin, When, a part of the silicone resin
impregnated within external electrodes 3 and inside of varistor 1 is
separated out to cover the surface, and a varistor 1 as shown in
Fig., 6 is obtained. After this, varistor 1 is put into & container
of e.g. polyethylene together with an abrasive of SiC and water, the
container sealed, and provided with mechanical movement such as
revolution, vibration ete., for grinding (25) the surface, in order to
remove the silicone resin covering the surface of external electrodes

3 to a degree so as plating and other succeeding process steps are

not ill-affected. During the surface grinding (25), the silicone



the ‘ends of varistor 1 covering a part of the side surface, the sneak-
of plating liquid, water etc. into inside of varistor 1 through the
boundary between external electrode 3 and varistor 1 is prevented.

an outside-the-surface insulation |ayer %&hand a wthin-the- surface

I nsul ation | ayer 30 have gl ossy surface,

ether or not the

w thin-the-surface insulation |ayer 30 and the outside-the-surface P14610
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the surface of a nultilayer varistor. This nakes the sel ection

by a mechanical stress given to varistor 1 due to a fact that the
adhesion strength of silicone resin after curing is stronger with
respect to varistor 1 than with the surface of external electrode 3.
Some of the silicone resin may remain in the inner surface of
external electrode 3, the electrical contact of external electrode 3
is not affected by the silicone resin.

The surface of external electrode 3 of varistor 1 is plated (26)
to obtain a multilayer varistor as illustrated in Fig. 1.

As described in the above, a multilayer varistor having enhanced
water-resisting property is-implemented by the formation of a
silicone resin-impregnated within-the-surface insulation layer 30
inside the varistor 1, with which multilayer varistor the peeling-off
at the edge of external electrode 3 is also prevented by the formation
of an outside-the-surface insulation layer 31, and. the external elect-
rode 3 does not ill-affect plating (26) and other post processes.

Now in the following, description will be made on some of the
noticeable items regarding a multilayer varistor according to the
present embodiment and its manufacturing method.

Referring to Fig. 1, by forming an outside-the~surface insulation
layer 31 so as it covers the edge of external electrodes 3 formed at
the ends of varistor 1 covering a part of the side surface, the sneak-
ing of plating liquid, water etc., into inside of varistor 1 through
the boundary between external electrode 3 and varistor 1 is prevented.

As an outside-the-surface insulation layer 31 and a within-the-
surface insulation layer 30 have glossy surface, whether or not the
within-the~surface insulation layer 30 and the outside-the-surface
insulation layer 31 are formed can be visually identified by inspect-

ing the surface of a multilayer varistor. This makes the selection

work easier.

I ng
AS.



wor k easi er. -6- Al t hough
silicone resin has been exenplified as the insulation
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Although silicone resin has been exemplified as the insulation
material for forming the outside-the-surface insulation layer 31 and
the within-the-surface insulation layer 30, other reéins may of course
be used provided that they satisfy a certain heat resistivity,
insulating property, wate£—repellent property, and low water-absorbing
property; either one, or more than one, of epoxy resin, acrylic resin,
polybutadiene resin, phenolic resin, etc, may be used for the purpose,
besides the silicone resin.

Instead of the resin, or in mixture with the resin, at least one
kind of metal alkoxide selected from the group of silicon, titanium,
aluminium, zirconium, yttrium_and magnesiun may be used to obtain a
same effect.

When the metal alkoxide is used, the impregnating solution is
made with alcohol or other such solvents that dissolve metal alkoxide.
The within~the-surface insulation layer 30 has preferably a

greatest possible thickness in so far as the characteristics of a
multilayer varistor is not affected, at the éame time the thinnest
part of the within-the-surface insulation layer 30 of silicone resin
after curing is preferably equal to or ihicker than 10 2z m.

This is adjustable through the selection of the viscosity of silicone
varnish 5, the rate of solvent and the pressurizing force,

The effect of pressurizing is enhanced by providing a state
whére the pressure is lower than the normal atmospheric pressure
prior to the step of pressurizing for impregnation of silicone
varnish 5 into varistor 1,

Besides Si0: exemplified as the powder inert to siliconme varanish
5, other powders may also be used provided that they do not react with
the impregnation solution to be impregnated into varistor 1; either
one, or a mixture, of Zr0>, Al;03, Mg0 may serve a same purpose.

A harder outside-the-surface insulation layer 31 is formed by
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material for formng the outside-the-surface insulation |ayer -31 and the

within-the-surface insulation |ayer 30, other resins may of course be used

provided that they satisfy a certain heat resistivity, insulating

property,

either one, or nore than one, of epoxy resin, acrylic resin, polybpgg ene

wat er -repel | ent property, and-f-ow wat er-absorbing property;

resin, phenolic resin, etc. may be used for the purpose, besides the

silicone

therqughly removing a solvent contained in silicone varnish 5
impregnated into varistor 1 by heating, prior to curing, at a
temperature lower than boiling point.

The moisture-resisting property may be improved further by
repeating the process steps from the immersion in silicone varnish §
through the surface grinding for plural times, preferably twice. By
so doing, the silicone resin is impregnated further into insidé of
varistor 1, .

It is preferred that the edge of body has a curved shape., This
shape alleviates the concentration of stress to one part of external
electrode 3 when removing organic substance on external electrode 3
by grinding.

Although in the present embodiment a multilayer varistor using
strontium titanium oxide as the main component is exemplified, the
same effects are implementable also with a multilayer varistor using
zinc oxide as the main component, as well as ceramic thermistors,
capacitors, resistors and othér electronic components in general,
Not only in the multilayer type electronic components, the present
invention implements the same effects in electronic components of any

shapes, for example a disk shape electronic component.

INDUSTRIAL APPLICABILITY

The insulation layer formed by impregnation into inside of tﬂe
surface prevents deterioratioﬁ of the moisture-resisting property,
and the insulation layer formed on the surface enhances the strength
of electrode preventing the peeling-off at the edge of electrode.
Furthermore, this contributes to prevent the sneaking of moisture etc,
into the inside through the edge of electrode., The moisture-resisting

property is enhanced a step further.



| nst ead_of the resin, or in mxture with the resin, at | east one kind of
metal al koxide sel ected fromthe group of silicon, titanium alum nium

Zi r coni ThixSh tHa:sBamR; geedragnesi um nay be used to obtain a sane effect.

When t he e is used, the inpgegnating solution is nade with

al cohol sol vent s that di ssol ve netal al koxi de. P10
thin-the-surtace 1 nsulation |ayer 30 has preferably a

CLAIMS
1. An electronic component comprising:

a bodys

at least a pair of electrodes formed on the surface of said
body at a specified clearance; and

an insulation layer formed on the surface of said body covering
an area where the pair of electrodes is not formed and the edgé part
of the pair of electrodes,

wherein at least a part of said insulation layer is formed by
impregnating within-the-surface of said body with an insulation
material.

2. An electronic component of Claim 1, wherein the insulation
layer is formed with at least one of metal alkoxide and resin.

3. An electronic component of Claim 1, wherein the insulation
layer is formed with metal alk&xide, the metal alkoxide comprising at
least one selected from the group consisting of silicon alkoxide,
titanium alkoxide, aluminium alkoxide, zirconium alkoxide, yttrium
alkoxide and magnesium alkoxide,

4. An electronic component of Claim 1, wherein the insulation
‘layer is formed with resin, the resin being at least one selected
from the group consisting Bf silicone resin, epoxy.resin, acrylic
resin, polybutadiene resin and phenolic resin.

5. An electronic component of Claim 1, wherein the thickness of
insulation layer impregnated into within-the-surface of the body is
not less than 10 x m.

6. An electronic component of Claim 1, wherein the thickness of
insulation layer on outside-the-surface of the body is less than the

greatest thickness of the pair of electrodes contacting the

insulation layer.

A A



gre‘at est possible thickness in so far as the characteristics of a
.ultilayer varistor is not affected, at the same time the thinnest part of
the within-the-surface insulation layer 30 of silicone resin after curing
is preferably equal to or thicker than 10[err]m This is adjustable
through the selection of the viscosity OF silicone varnish 5, the rate of
solvent and the pressurizing force. The effect of pressurizi ngflA&l0

enhanced by .pro t h
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body has a curved shape.
8. An electronic component comprising:

a body;

at least a pair of electrodes formed on the surface of said body
at a specified clearance; and _

an insulation layer forﬁed on the surface of said body covering
an area where the pair of electrodes is not formed and the edge part
of the pair of electrodes,

wherein the surface of said body is glossy.

9. A method of manufacturing an electronic component comprising

the steps of:
forming at least a pair of electrodes on the surface of a body
at a specified clearance; '
contacting the surface of.said body with an impregnating
solution containing at -least an organic substance for covering the
surface of said body with said impregnating solution;
removing a part of the impregnating solution covering the
- surface of said body;
hardening the organic substance contained in said impregnating
solution; and
removing the hardened organic substance on the surface of the
pair of electrodes by grinding.

10. A method of manufacturing an electronic component of Clainm 9,
wherein the step of contacting the body with an impregnating solution
is repeated for plural times.

11. A method of manufacturing an electronic component of Claim 9,
wherein the organic substance contains at least one of metal alkoxide

and resin.

S - Thls Sheet Ha., Been laced
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prior to the step of pressurizing for inpregnation of silicone varnish 5
] stor 1. Besides SiJerr] exenplified as the powder inert to
silicone varnish 5, other powders may al so be used provided that they do
with the inpregnation squtLﬁF to be inpregnated into varistor
[

err]err], MO may servq?@r"ﬁgge

into vari

not react
1; either
pur pose.
by
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one, or a m xture, of ZrQ2,
A harder outside-the-surface insulation |layer 31 is
12. A method of manufacturing an electronic component of Claim 9,

wherein the organic substance contains metal alkoxide, the metal
alkoxide comprising at least one selected from the group consisting
of silicon alkoxide, titanium alkoxide, aluminium alkoxide, zirconium
alkoxide, yttrium alkoxide and magnesium alkoxide.

13. A method of manufacturing an electronic component of Claim 8,
wherein the organic substance contains resin, the resin being ét
least one selected from the group consisting of silicone resin, epoxy
resin,.acrylic resin, polybutadiene resin and phenolic resin.

14. A method of manufacturing an electronic component of Claim 9,
wherein the body is pressurized while being contacted with an

impregnating solution,

15. A method of manufacturing an electronic component of Claim 9,

wherein the organic substance on the surface of the body is removed
by at least one means of centrifugal separation, washing with an
organics-dissolving liquid, and contacting with a powder inert to
impregnating solution.

16. A method of manufacturing an electronic component of Claim 15,
wherein the powder contains at least one selected from ﬁhe group
consisting of Si02, Zr0z2, Al20: and MgO.

17. A method of manufacturing an electronic component of Claim 9,
wherein the grinding is conducted at least by moving a container in
which the body and a liquid are contained.

18. A method of ménufacturing an electronic component of Claim 8,
wherein the pair of electrodes is formed after the edge of the body

is made to have a curved shape.

A ' AR
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-7- "thoroughly renmovi ng a solvent contained in silicone varni sh 5

impregnated into varistor 1 by heating, prior to curing, at a tenperature
| ower than boiling point.

-11-
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ABSTRACT"

The present invention aims to present an electronic component
which is free from the fear of sneaking-in of water etc. from the
edge of electrode, by covering the electrode edge with resin., For
the purpose, external electrodes (3) are formed at both ends of
veristor (1) comprised of ceramic sheet (1a) and internal electrode
(2) laminated alternately, and then, a within-the-surface insuiation
layer (80) is formed by covering the porous surface inside the
varistor (1), or filling the porosity, with silicone resin, and an
outside-the-surface insulation layer (31) is formed covering the

surface of varistor (1) and the edge of external electrode (3).

ThlS Sheet Has Been RTi
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The noi sture-resisting property nay be inproved further by repe?tgfg he
process steps fromthe imersion in-'silicone varnish 5 through H &Pr ace
grinding for plural times, preferably twice. By so doing, the silicone
resin is inpregnated further into inside/o varistor 1. It is
preferred that the edge of body has a cu ‘shape. This shape alleviates
the concentration of stress to one part ‘of external electrode 3 when
renovi ng organi ¢ substance on external electrode 3

Fig./
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by grinding. Al t hough in the present enbodinent a nultilayer varistor
using strontiumtitanium oxide as the main conponent is exenplified, the
sane effects are inplenentable also with a nultilayer varistor using zinc
oxi de as the mmin conponent, as well as ceramic thermstors, capacitors,
resistors and other electronic conponents in general. Not only in the

mul til ayer type el ectronic conponents, Eh pr esent

§

FIlG. 2

| Raw material I ] )

| . MiLing ]

| Calgination 1 :
l >17

I Crashing |

| SIJrrying |

{ Forming iL sheet-form | )

| LamiLating JQ—-IZ

[ Cu!ttihg ' — 13

[ Binder{removingfv }— 14

| Cham&ering — 75

{ Ni-goating 16

|

Bintering in reducing atmospherg— /7

| Ag-coating 18
L Reogidizing . 79
{ Im;ersion 20
| Preserizing — 27

l

[ Centrifugal separation |— 22

i Imﬁersion — 23
| Curing .}—— 24
[ Grikding f— 25

[ Plating V— 26




i nvention inplenments the sane effects in electronic conponents of any
shapes, for exanple a disk shape el ectronic conponent. | NDUSTRI AL

APPLI CABI LI TY The insulation |ayer_formed by inpregnation into inside
of the surface prevents deterioration o{?t e noi sture-resisting property,
and the insulation |layer formed on the s rﬁhce enhances the strength of

el ectrode preventing the peeling-off at the edge of el ectrode.

 Fig.3




Furtﬁérnnre, this contributes to prevent the sneaking of noisture etc.
into the inside through the edge of electrode. The noisture-resisting

property is enhanced a step further. fﬁ/// - 8-
| . J
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CLA | V5 1. An el ectronic conmponent conprising: a bddy; at
| east a pair of electrodes fornmed on the surface of said body at a

speci fied cl earance; and an insul ;ﬁi | ayer fornmed on the surface of
said body covering an area where the /ﬂ;pf el ectrodes is not fornmed and

t he edge part :

Fig.5




of the pair of el ectrodes, wherein at least a part of said insulation
l'ayer is fornmed by inpregnating within-the-surface of said body with an

insulation material. 2. An el ectronjc gonmponent of Claim1l, wherein:
the insulation layer is formed with at st one of netal al koxide and
resin. 3. An el ectronic conponent of C@éin11, wherein the insulation

Fig.o
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Iaye?'is formed with netal al koxide, the netal al koxide conprising at

| east one selected fromthe group consisting of silicon al koxide, titanium
al koxi de, al um ni um al koxi de, zirconium gl koxi de, yttrium al koxi de and
magnesi um al koxi de. 4. An electroni/{p6nponent of Claiml1, wherein the
i nsul ation | ayer is formed with resin, resin being at |east one

sel ected fromthe group consisting of silicone resin, epoxy resin,

acrylic

Fig.7

50 2 JI

Ja

b

Jb
la 31 30



t e X . . . . . .
resin, polybutadiene resin and phenolic resin. 5. An electronic

conponent of Claim1l, wherein the thickness of i nsul ation |ayer
i npregnated into within-the-surface of the body is not | ess than 10[err]
m 6. An electronic conponent of Claim1, wherein the thickness of

i nsul ation | ayer on outside-the-surface of the body is |less than the
greatest thickness of the pair of electrodes contacting the PIABI0
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EXPLANATION OF THE NOTATIONS OF THE DRAWINGS

1 Varistor
2 Internal electrode
3 External electrode
3a Inner layer
3b. Quter layer
4 Plating layer
4a Ni plating

- 4b Solder plating
5 Silicone varnish

30 Within-the-surface insulation layer

31 Qutside-the~surface insulation layer
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SPECIFICATION REPLACEMENT SHEET
TITLE OF THE INVENTION - 16 JUN 1998
Electronic Component and method of Manufacture Therefor ' ~

TECHNICAL FIELD

The present invention relates to electronic components such as a multilayer varistor
eﬁ:. , and a method of manufacturing the same.

BACKGROUND ART

A conventional electronic component having at least a pair of electrodes on the
surface of body is impregnated with resin on the surface only in an area where the
electrodes are not formed.

The water-resisting quality may be improved by the resin impregnated in the body.
However, there is a problem in the above describéd structure that the water etc. sneaks .
into through the edge of electrode causing deteriorated characteristics. -
DISCLOSURE OF THE INVENTION _!.

Thé present invention aims to present an electronic component with which the
sneaking of water etc. througﬁ the electrode edge is prevented by covering the electrode
edge with an insulating layér. |

According to one aspect of the present invention there is provided an electronic
component comprising: a body; at least a pair of electrodes formed on an outside surface

* of said body with a predetermined distance; and an outer insulation layer formed on an
exposed area of the outside surface and an edge of each of said pair of electrodes,
wherein an inner insulation layer is formed on an inside surface of said body, being
impregnated with an insulation material. |

According to another aspect of the present invention there is provided a method of
manufacturing an electronic component comprising the steps of: forming’ at least a pair
of electrodes on an outside surface of a body with a .predetermined distance; contacting
said outside surface with an impregnating ‘solution containing at least an organic
substance to impregnate an inside surface of said body with said impregnating solution

and cover said outside surface with said impregnating solution; removing a part of said



surface of said body covering an area where the pair of electrodes is not

formed and the edge part

_impregnating solution covering said outside surface; hardening said organic substance

* contained in said impregnating solution; and 'removing the hardened organic substance on

a surface of said péir of electrodes by grinding.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross sectionaf view showing a multilayer varistor according to an
embodiment of the present invention. Fig. 2 is a chart showing manufacturing process
steps of a multilayer varistor according to an embodiment of the present iﬁvention. Fig.

3 is a cross sectional view showing a varistor after silicone varnish impregnation

according to an embodiment of the present invention. Fig. 4 is a cross sectional view

showing a varistor after centrifugal processing according to an embodiment of the
present invention. Fig. 5 is a cross sectional view showing a varistor after toluene
impregnation according to an embodiment of the present invention. Fig. 6 is a cross

sectional view showing a varistor after silicone resin curing according to an embodiment

of the present invention. Fig. 7 is a cross sectional view showing a varistor after

grinding according to an embodiment of the present invention.
BEST MODE FOR CARRYING OUT THE INVENTION
In the foilowing, an electronic component according to the present invention and a

method of manufacturing the same is described in detail referring to drawings.

~ As shown in Fig. 1, there are plural internal electrodes 2 made mainly of nickel
(Ni), inside varistor 1. These intemal_electrbdes 2 are alternately pulled out to respective
ends of varistor 1 to be electrically connected with external electrodes 3. The external
electrode 3 is comprised of at least two layers; an inner layer 3a is made mainly of Ni,

an outer layer 3b is made mainly of silver (Ag).

REPLACEMENT SHEET

16 JUN 1998

'boay "ha's.a curved shape. 8. An el ectronic conponent conprising: a
body; at least a pair of electrodes formed on the surface of said
body at a specified clearance; and s.an insulation layer fornmed on the



of the -pair of el ectrddBSPLACEMENT\HIEEL hh the surface of  saig
gl ossy. 9. A net hqd[of manufacturing an el ectTym T
the steps of: farifi ngpajuN ago8 § pagr of ele

a body at a specified gl earance; cont acti ng
wi th an inpregnating '

_ _ CLAIMS
1. An electronic component comprising:

a body;
at least a pair of electrodes formed on an outside surface of said body with a
predetermined distance; and
an outer insulation layer formed on an exposed area of the outside surface and an
edge of each of said pair of electrodes,
wherein an inner insulation layer is formed on an inside surface of said body,'
being impregnated with an insulation material.
2.  An electronic component of claim 1, wherein said insulation material comprises
one of metal alkoxide and resin. '
3. An electronic component of claim 1, wherein said insulation material comprises at
least one selected from the group consisting of silicon alkoxide, titanium alkoxide,
aluminum alkoxide, zirconium alkoxide, yttrium alkoxide and magnesium alkoxide.
4.  An electronic component of claim 1, wherein said insulation material comprises at
least one selected from the group consisting of silicone resin, epoxy resin, acrylic resin,
polybutadiene resin and phenolic resin. | :
5. An electronic component of claim 1, wherein a thickness of said inner insulation
layer is not less than 10 p m. | .
6.  An electronic component of claim 1, wherein a thickness of said outer msulatlon
layer is thinner than a greatest thickness of said pair of electrodes.
7.  An electronic component of claim 1, wherein an edge of said body has a curved
shape.
8.  An electronic component comprising:
a body,
at least a pair of electrodes formed on an outs1de surface of said body with a
predetermined distance; and
an outer insulation layer formed on an exposed area of the outside surface and an
edge of each of said pair of electrodes '
~ wherein the outside surface of said body is glossy.
9. A method of manufacturing an electronic component comprising the steps of:
forming at least a pair of electrodes on an outside surface of a body with a
predetermined distance;
contacting said outside surface with an impregnating solution containng at least an
organic substance to impregnate an inside su;'féce of said body with said impregnating
solution and cover said outside surface with said impregnating solution;
removing a part of said impregnating solution covering said outside surface;
hardening said organic substance contained in said impregnating solution; and

_—
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sol ution containing at |east an organic substance for covering the surface
of said body with said inpregnating solution; renoving a part of the
i npregnating solution covering the surfage of said body; har deni ng
the organi c substance contained in said inpregnating solution; and
renovi ng the hardened organi c substance on the surface of the

removing the hardened organic substance on a surface of said pair of electrodes by

grinding. _

10. A method of claim 9, wherein the contactmg step is repeated.

11. A method of claim 9, wherein said organic substance contains one of metal
alkoxide and resin. , '

12. A method of claim 9, wherein said organic substance contains at least one selected
from the group consisting of silicon alkoxide, titanium alkoxide, aluminum alkoxide,
zirconium alkoxide, yttrium alkoxide and magnesium alkoxide.

- 13. A method of claim 9, wherein said organic substance contains at least one selected
from the group cons1st1ng of silicone resin, epoxy resin, acrylic resin, polybutadiene
resin and phenolic resin. _

14. A method of claim 9, wherein said body is pressurized while being contacted with
said impregnating solution. :

15. A method of claim 9, wherein the step of removing a part of said impregnating -
solution is conducted by one means of centrifugal separation, washing with an organics-
dissolving liquid, and contacting with a powder inert to impregnating solution.

16. A method of claim 15, wherein $aid powder contains at least one selected from the
group consisting of Si0, ZrO,, A1,0; and MgO.

17. A method of claim 9, wherein the grinding process is conducted by moving a -
container in which at least said body and a liquid are contained.

18. A method of claim 9, wherein an edge of said body has a curved shape.
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pdi P ot .el ectrodes by grindi ng. 10. A nmethod of manufacturing an
el ectroni ¢ conponent of aim9, .wherein-the Step of contacting the body

with an inpregnating solution is repeated for ‘plural times. 11. A
met hod of manufacturing an el ectronic garrponent. of d.aim9, wherein the
organi ¢ substance contains at |east one of netal alkoxide and resin.

ABSTRACT

The present invention aims to present an electronic component

“ which is free from the fear of sneaking-in of water etc. from the
edge of electrode, by covering the electrode edge with resin. For
the purpose, eiternal electrodes (3) are formed at both ends of
varistor (1) comprised.of ceramic sheet (la) and internal electrode
(2) laminated éIternately, and then, a within-the-surface insulation
layer (30) is formed by covering the porous surface inside the
varistor (1), or filling the porosity, with.silicone.resin, and an
outside-the-surface insulation layer (31) is formed covering the-

surface of varistor (1) and the edge of external electrode (3).
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9, wherein the organ
al koxi de conpri si ng ai

- - "WOMGIO"\
A metiR@nQf HAABBARRE Ldéﬁl ng an el ectroni ¢ conponent of

ontains netal al koxide, the neta
| ected f8om the group consisting we\j

_ ! CLAIMS
1. An electronic component comprising:
S a body, |
at least a palr of electrodes formed on an outside surface of sald body with a
predetermmed distance; and
~an outer insulation layer formed on an exposed area of the outside surface and an
edge of each of said pair of electrodes,
wherein an inner insulation layer is formed on an inside surface of said body,
being impregnated with an insulation matenal '
2.  An electronic component as ‘claimed in claim 1, wherein sald msulatlon matenal-
comprises a metal alkoxide or a resin or a mixture thereof. : '
3. An électronic component as claimed in claim 2, wherem sa1d metal alkoxide is

selected from the. group consxstmg of silicon. alkoxide, tltamum alkoxide,- alummum G

_ alkox1de zlrcomum a]kox1de yttrium alkoxide and magnesmm alkoxide.

4.  An electronic component as claimed in claim 2 or 3 wherein said resin is selected -

from the group cons15tmg of silicon resin, epoxy resin, acryhc resin, polybumdlene résin
and phenolic resin. - :

. 5. An electronic component as claimed in any of claims' 1-4, wherein sa1d inner .

insulation layer has a thickness not less than 10 x m. : ' f

6. An electronic component as claimed in claims 1-5, wherein sa1d outer msulatlon
layer is thinner than the greatest thickness of said pair of electrodes.

7.  An electronic component as clalmed in claims 1-6, wherein said body has curved
edges.

8.  An electronic component as claimed in claims 1-7, wherem the outside surface of
said body is glossy. ' ‘

9. An electronic component wherem said inner and outer insulation layer are

substantially the same.
10. A method of manufacturing an electronic component comprising the steps of:
forming at least a pair of electrodes on an outside.surface of a body with a
predetermined distance; ' '
contacting said outside surface with an impregnating solution contalmng at least an
organic substance to impregnate an inside surface of said body with said impregnating
solution and cover said outside surface with said impregnating solution; '
removing a part of said impregnating solution covering said outside surface;
hardening said organic substance contained in said impregnating solution; and
removing the hardened organic substance on a surface of said pair of electrodes by'
grinding.
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manuf acturing an el ectronic conponent of Caim9, vvherel n t
substance contains resin, the resin being at |east one sel
group consisting of silicone resin, epoxy resin, acrylic resin,

pol ybut adi eng_ r%hibtﬁdlﬂa.@él%iéd‘ﬁdiﬁﬁim wherdif he @ngﬁﬁﬁggwp f@@%&ctu“ ng

ofsi'li con al kOXI de, titanium al koxi de, al um ni‘'um al kOXI deqy,d R
al koxi de, yttrium al koxi de and magnesi um al koxi de. R 'EE ﬁ1 ﬁ“ eplaced

an electronlc conpon re| Il zed whjle
bei ng cont adiZed mqgh%é]as clannead n clalm\Mi wherem sald orgamc substance contains a

metal alkoxide or a resin or a mixture thereof. o

13, A method as claimed in claim 12, wherein said metal alkoxide is selected from the
" group consisting of silicon alkoxide, titanium alkoxide, aluminum alkoxide, zirconium

‘alkoxide, yttrium alkoxide and magnesium alkoxide. - -

14. A method as claimed in claim 12 or 13, wherein sa1d resin is selected from the

group consisting of  silicone resin, epoxy resin, acrylic resm, polybutadlene resin and’

_ phcnollc resin. ,
' 15 A method as clalmed in any one of claims 10-14 where' " said. body is pressunzed
- whlle bemg contacted w1th sald .impregnating solutlon o

16. A method as clalmed m any one of cla.lms 10-

.

' mpregnatmg solutlon j. : %
| "--17 A method as claimed i in clalm 16 wherein sald powder 1s-.selected from the group
) cons1stmg of Si0,, ZrO,, AlO3 and MgO or mixtures thereof. T
18. A'method as claimed in any one of claims 10-17, wherem the grinding process is
conducted by moving a container in whicli-at least said body and a liquid are contained.
19. A method as claimed in any one of claim 10-18, wherein said body has curved
edgés. - ' S |
20. A method as claimed in any one of claims 10-19, wherein said hardened organic
substance is glossy. | ' '

KA A
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| npr egnati ng sol uti on. 15. A method of manufacturing an el ectroni 04%4'“?0 q
conponent of Caim9, wherein the organiic substance on the surface Ffs
body is menoved by at |east one neans of centrifugal separation, washi }
with an organics-dissolving liquid, and contacting with a powder | nert('ggu °

| mpregnating sol ution. 16. A net hodepAmmgnuf acturing an el ectronic

component ?f CIA%I e'f]ec]erdnic compbnent comprising:

a body;

at least a pair of electrodes formed on an outside surface of said body with a
predetermined distance; and o

an outer insulation layer formed on an exposed area of the outside surface and an
edge of each of said pair of electrodes,

~ wherein an inner insulation layer is formed on an inside surface of said body,

being impregnated with an insulation material.
2. An electronic component as claimed in claim 1, wherein said insulation material
comprises a metal alkoxide or a resin or a mixture thereof.
3.  An electronic component as claimed in claim 2, wherein said metal alkoxide is

N selected from the group consisting of silicon alkoxide, titanjum alkoxide, aluminum
N alkoxide, zirconium alkoxide, yttrium alkoxide and magnesium alkoxide.

4.  An electronic component as claimed in claim 2 or 3, wherein said resin is selected
from the group consisting of silicone resin, epoxy resin, acrylic resin, polybutadiene
resin and phenolic resin.
5. ' An electronic component as claimed in any one of claims 14, wherein said inner
insulation layer has a thickness of not less than 10 p m.
6.  An electronic component as claimed in any one of claims 1-5, wherein said outer
insulation layer is thinner than the greatest thickness of said pair of electrodes.
7.  An electronic component as claimed in any one of claims 1-6, wherein said body
has curved edges.
8.  An electronic component as claimed in any one of claims 1-7 wherein the outside
: surface of said body is glossy. .
~ 9. A method of manufacturing an electronic component comprising the steps of:
forming at least a pair of electrodes on an outside surface of a body with a
predetermined distance; _
contacting said outside surface with an impregnating solution containing at least an
organic substance to impregnate an inside surface of said body with said impregnating
solution and cover said outside surface with said impregnating solution;
removing a part of said impregnating solution covering said outside surface; -
hardening said organic substance contained in said impregnating solution; and
removing the hardened organic substance on a surface of said pair of electrodes by
grinding.
10. A method as claimed in claim 10, wherein the contacting step is repeated.
11. A method as claimed in claim 9 or 10, wherein said organic substance contains a
metal alkoxide or a resin or a mixture thereof.
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wherein the powder contains at |east one selected fromthe group
consisting of SiJerr], Zrgerr], AferrkJerr] and MO 17. A nethod of
manuf actyring an el ectronic conponent of Claim9, wherein the grinding is
conducted at |east by noving a container in which the body and a liquid
are cont ai bbd. A methed as slaimped o claim hd n whereinusaic gretah atltogileris selected fmetrt  of

claim9,  Waah sk BRslicth dﬁkﬁﬁ&é Y SiubnS alk S St WiRxRAISHbnihe

body is ave a _curve
alkoxide, yttrium alkoxide and magnesxum alkoxide.

13. A method as claimed in claim 11 or 12, wherein said resin is selected from the
group consisting of silicone resin, epoxy resin, acrylic resin, polybutadiene resin and
phenolic resin. .
14. A method as claimed in any one of claims 9-13, wherein said body is pressurized
while being contacted with said impregnating solution. |
15. A method as claimed in any one of claims 9-14, wherein the step of removing a
part of said impregnating solution is conducted by either centrifugal separation, or
washing with an organics-dissolving liquid, or contactmg with a powder inert to said
impregnating solution.
\ 16. A method as claimed in claim 15, wherein sald powder is selected from the group
— consisting of Si0, ZrO,, A1,0, and MgO or mixtures thereof.
17. A method as claimed in any one of claims 9-16, wherein the grinding process is
conducted by moving a container in which at least said body and a liquid are contained. -
18. A method as claimed in any one of claims 9-17, wherem said body has curved
edges.
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An electronic part having electrodes whose ends are covered with resin for preventing moisture from entering into the part. The part
comprises external electrodes (3) formed on both end faces of a varistor element (1) constituted by alternating ceramic sheets (1a) and
internal electrodes (2), an internal insulating layer (30) formed by covering or filling up pores in the element (1) with an Si resin, and an
extemnal-surface insulating layer (31} formed 50 as to coat the external surface of the element (1) and the end sections of the electrodes (3).
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