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protective chip device havi ng a gap ferlelectric discharge and based on the
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used for protecting electronic 10 equi prrent from eI ectrostati c damages.

More specifically, the ﬂi@&ﬂ) VI ce " as used in
this specification neans a device |s connec edln parallel with an IC
or an LSl that is toME&O&FO&ﬂARRIQAn THESAME i cal insul ator

under normal condition (in absence of electrostatic pulses) so as not to
affect the circuit. hut becones electrically 16 conductive when
el ectrostaTE@I'm%% a %pplled thereto (S1 in Figure 4 is on) so as to

gr ot ects elTﬁct (r]I oMMe ‘ébﬁﬁﬁv@ﬁtﬁfh fb?atbﬁcﬁa@eléct;&ta c brsteetveectip drivivel C _
amages. e eV|ce S rot ec rostatic
damages |nll"’r 2 \SQP Slr%gtnczcilﬁ@}arg? Sﬂég’gseggﬂl H*%rt %égg%g%&gkgf:%éég and
theise 20 drddbbmds,M&nﬂhmlfdmfabrmtmgdhee&met ed for different
applicati are known to involve high |levels
of curren?B?*CIg WW zener di odes, as they have a polarity,
it is necessary e&mmqmte@ﬂvg device ds Byssbior peoterting elesienicn par al | el
Wi th ege hcﬁdgﬁmeﬁpﬁoﬁm&b@a&ta@@am@g&e tMar@émtﬁwlycmer@ﬂh can flow in

both di , L her ef |
the ot her TeAeRTOSHHTCIHRIGEVE flsuicae, A% ied ih fuls FREqiFsich Pipdisa FBwiesge

gur r ﬁnt apticarie cehn@ited idp a’fanar:wuhem Ikizamcm LS¥ thap fotechd proft@dtéd;rmsl The
case of o EOMEY %S%?E@fzﬁ;%i"hﬁ%‘ i 46%%1 el SohdiBof RGRERS 251 8" Gk anc
the ki nd oflectrastatiapeldes) so as not to affect the circuit, but becomes electrically

15  conductive when electrostatic pulses are applied thereto (S1 in Figure 4 is on) so
as to protect electronic devices such as IC's and LSI's from electrostatic
damages.

The devices used for protecting IC's and LSI's from electrostatic
damages include varistors, zener diodes, and discharge gap devices, and these

20 - different protective devices are selected for different applications. Varistors and
zener diodes are known to involve high levels of current leakage. In the case of
zener diodes, as they have a polarity, it is necessary to connect two of them in
opposite directions in parallel with each other for applications where the electric
current can flow in both directions, and the cost is therefore relatively high.

25 On the other hand, discharge type devices involve virtually no leakage
current, and are simple in structure, hence less prone to failures. The discharge
voltage can be adjusted by changing the discharge gap, and in the case of a sealed
structure, by changing the pressure of the sealed gas and the kind of the sealed
gas. .

30 Some of the commercially available devices, for instance the one sold
under the tradename of "Dia Surge Protector” by Mitsubishi Material, use a
cylindrical ceramic block covered by an electroconductive film. The discharge
gap is formed in this film by cutting it with laser, and the entire assembly is
sealed inside a glass container.

85 According to those disclosed in Japanese patent laid-open (kokai)
publications Nos. 2-223182, 3-89588, 3-261086, 4-22086 and 5-67851, the
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in and the dimensional tolerance thereof is typically in the range of +20 to 30 pm.
As a matter of fact, the dimension of the discharge gap is given as a few
15  millimeters in Japanese patent laid-open publication No, 2-223182, as 4 mm in
Japanese patent laid-open publication No. 2-89588, as 0.5 mm in Japanese patent
laid-open publication No. 3-261086, and as 0.15 mm in Japanese patent laid-open
publication No. 5-678518. With the size of the discharge gap in such a range,
the discharge voltage is so high that the effectiveness of these devices is quite
20 limited, and these devices are not suitable for the protection of IC's and LSI's
which are highly vulnerable to electrostatic damages. Presumably, the devices
proposed in these Japanese patent publications are intended for electronic
equipment involving higher voltage levels than IC's as opposed to the aim of the
present invention. Thus, it can be concluded that there have been no prior art
25 which has successfully accomplished the task of the present invention by using
the technology of fabricating printed circuit boards.
The relationship betwee ne discharge gap sizes and the actual discharge
voltage levels is discussed in the following.
Figure 3 shows the relationship between the discharge voltage (spark
80  voltage) and the gap between a pair of parallel electrodes. (The graph is based
on the equations given in page 221 of "Electrostatic Handbook", edited by
Electrostatic Association of Japan, published by Ohm, June 20, 1988.) Evenin
the case of the discharge gap of 0.15 mm or the smallest discharge gap of all
those discussed in the prior Japanese patent publications, Figure 3 indicates that
35 the discharge voltage between the parallel electrodes will be approximately 1.5
kV. Inthe case of projection type electrodes, the discharge voltage would be 10
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the gap to demonstrate a desired protective effectlveness), there still remains the

15 problem that the resist filling the gap may be affected by the electric discharges,
and the reduction in the electric resistance or even the conductance of the gap can
occur.

BRIEF SUMMARY OF THE INVENTION
In view of such problems of the prior art, a primary object of the present

20 invention is to provide an electrostatic protective device which is highly effective
in protecting relatively vulnerable devices such as IC's and LSI's from
electrostatic damages.

A second object of the present invention is to provide an electrostatic
protective device which is suitable for mass production, and cost little for

25  production.

' A third object of the present invention is to provide an electrostatic
protective device which allows its discharge voltage to be controlled at a high
precision.

A fourth object of the present invention is to provide an electrostatic

30 protective device which is durable in use.

A fifth object of the present invention is to provide an electrostatic
protective device which involves virtually no current leakage.

A sixth object of the present invention is to provide an electrostatic
protective device which is suitable for compact design, and in particular suited to

35 be fabricated as a surface mount device or a chip device.

A seventh object of the present invention is to provide a method suitable
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more s1mple structure than the conventional device which is encapsulated in a

15  glass container. Therefore, the present invention allows the device to be made
at a lower cost. Because the air gap is enclosed inside a laminated assembly,
and the discharge segment is isolated from the exterior, the device can be made
highly resistant against environmental influences. Typically, the terminals for
interconnection are each formed by a layer of plating formed along corresponding

20 side end of an assembly including the inner insulating layer, one of the circuit
segments, and the outer insulating layers.

In particular, by using a fluoride resin or a polyimide resin for the
material surrounding the discharge gap, degradation of the device by electric
discharges can be minimized, and the stability of the device can be improved.

95 In case of a fluoride resin material, it may be selected from a group consisting of
polytetrafluoroethylene resin, ethylene/tetrafluoroethylene copolymer,
tetrafluoroethylene/hexafluoropropylene copolymer,
tetrafluoroethylene/perfluoroalkoxypropylene copolymer, and a modified resin
prepared by modifying a fluoride resin with a different organic resin. Because

30 these resin materials are highly resistant to heat, degradation of the resin material
defining the discharge gaps can be avoided, and any undesirable continual
conduction of electric current can be therefore avoided. Thus, the safety of the
device can be also improved as compared with the case in which a normal resin
material is used for the discharge gap.

35 The metallic material for forming the electrostatic protective device is
selected according to the electroconductivity, corrosion resistance and ease to be
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30 pm. In applications where only those electrostatic pulses of significantly

15 high voltage levels are required to be removed, the size of the discharge gap may
be increased to about 150 um. If the size of the discharge gap is increased
beyond this level, the discharge voltage will become so high that the device will
cease to be useful for the object of the present invention, or for the protection of
electronic devices and electronic equipment.

20 It is also possible that the two axial ends of the air gap hole are closed by
the respectively outer insulating layers, and the air gap hole is passed through the
circuit segments. In this case, the size of the discharge gap can be reduced to
approximately 5 um without losing the control of the size or without unduly
increasing the difficulty involved in the fabrication process.

25 The overall thickness of the electrostatic protective device segments is
only required to be sufficient to conduct instantaneous electric current, and may
be in the order of 1 um in the case of gas phase plating, and in the range of 5 to
70 wm in the case of liquid phase plating and metallic foil, in view of the ease of
fabrication and cost although it is by no means restrictive.

30 The structure of the electrostatic protective device according to the
present invention may take any one of a large number of possible forms. For
instance, it is effective to use thin resin film for the inner insulation layer defining
the discharge gap layer and lower the discharge voltage to effectively protect
those electronic devices which are relatively vulnerable to electrostatic damages.

85  If the size of the discharge gap separated by the inner insulating layer is relatively
large, the inner insulating layer may consist of either reinforced resin material or
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15 being given with an adhesive property by being modified or in combination with
an adhesive layer made of a fluoride or polyimide resin having a durable adhesive
property. There are a large number of such possible combinations without
departing from the inventive concept of the present invention. In the latter case,
affinity to a bonding agent can be improved by applying plasma, corona or short

20 wave ultraviolet radiation to the surface of the polyimide resin material.
However, these processes are optionally selected according to each particular
application, and should not be considered as limiting the present invention.

The use of reinforced resin material for a part of or all of the structural
materials of the electrostatic protective device is again purely optional, and

25  should be selected according to the required mechanical strength, the object and
the cost. The materials that may be selected for reinforcing resin material
include glass cloth, glass paper and so on.

To avoid the insulating material, which is laminated in a step following
formation of holes for defining air gaps, from flowing into the holes for defining

80  air gaps, it is advantageous to etch the electroconductive layers to form the
electrostatic protective device segments before drilling the holes, to laminate and
bond insulating material (surface layers) for increasing the size of the air gaps,
and, then, to drill the holes for defining air gaps. Thus, because the distance
between the open end of each hole for defining an air gap and the circuit segment

35 layer for defining a discharge gap is increased, even when a small amount of
insulating material should get into the holes during the laminating and bonding
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For the protection of normal IC's and LSI's, the range of 15 to 60 pm is

sufficient as the discharge gap. For the protection of more vulnerable IC's and

20  LSI's, the discharge gap should be in the range of 15 to 30 um. In applications
where only those electrostatic pulses of significantly high voltage levels are
required to be removed, the size of the discharge gap may be increased to about
150 um. If the size of the discharge gap is increased beyond this level, the
discharge voltage will become so high that the device will cease to be useful for

25 the object of the present invention, or for the protection of electronic devices and
electronic equipment.

The inventors have found that the method of etching metallic foil having
a thickness less than 10 pum is effective in forming such extremely small
discharge gaps at a high precision and at a low cost.

30 The minimum thickness of the electroconductive layer of the electrostatic
protective device circuit segments is only required to be sufficient to conduct
instantaneous electric current. Therefore, the thickness may be extremely thin,
and may be determined in view of the ease of fabrication and cost. Asa
practical matter, if the thickness of the electrostatic protective device circuit

35 segments is no more than 3 um, the controlling the precision of the thickness
becomes highly difficult, and pin holes could develop. If the thickness is greater
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10 to 50 um while the thickness of the remaining part of the metallic layer is in
15 the range of 3to 10 um. By doing so, the terminal segments for
interconnection are reinforced, and the reliability of the chip type electrostatic
protective device against temperature changes can be improved.
More specifically, the thermal stress which may be caused by the change
in temperature due to the changes in the ambient temperature tends to be
20 concentrated in the region of the electrostatic protective device circuit segments
connecting with the holes for interconnection. Increasing the thickness of the
related part of the circuit segments is therefore effective in improving the
reliability of the electric connection between these parts. The thickness is
desired to be large, but an excessive thickness causes problems with the
25 fabrication process (an increase in the work time, an increase in the material, and
changes in the laminating conditions due to the reduction in the capability of the
resin material to accommodate the thickness). Also, the advantage gained by an
increased thickness diminishes as the thickness is increased beyond a certain
level. Based on these considerations, the thickness is preferred to be in the
80 range of 10 to 50 um.
The bonding between the insulating material provided with holes for
defining air gaps and other elements can be accomplished either by selecting a
material having an adhesive property suitable for the subsequent steps for the
insulating material provided with holes for defining air gaps, or covering the
35 insulating material without any adhesive property with a material having a lower
softening point. It is also possible to interpose resin film having a thickness in




20 wave ultraviolet radiation to the surface of the polyinide resin
material. However, these processes are optionally selected according to
each particular application, and shoul® -not be considered as limting the
present invention. The use of reinforced resin material for a part of or

all of the structural materials of the electrostatic protective device is
again purely optional, and 25 should be sel ected accordlng to the required
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The el ectroconductive |ayers can be forrred by placing netallic foil [|ayer,
In these cases, the kind of the resin film, the laminating conditions, and

15  the size and shape of the discharge gaps must be appropriately selected so that the
thermally softened resin would not be filled into the discharge gaps.

In the laminating and bonding step, the insulating materials other than
those for bonding purpose may consist of polytetrafluoroethylene, and those for
bonding purpose may consist of tetrafluoroethylene/ethylene copolymer resin

20  which has a lower softening point than polytetrafluoroethylene. By selecting
such a combination, because materials having a lower softening point than the
resin material supporting the electrostatic protective device circuit segments, the
bonding temperature can be lowered, and the thermal distortion of the
electrostatic protective device circuit segments can be thereby reduced.

25 It is known that environmental substances such as moisture, sulfur
dioxide gas can seep through the base board, and corrode the electrostatic
protective device circuit segments. If such a condition occurs, the discharge
voltage changes in time, and the properties of the device can substantially vary,
making the device unsuitable for applications requiring a high precision.

30 When the device is used in applications where a high precision is
required or the device has to be used in a highly adverse environment, the method
involving the use of interposed resin film is effective, presumably because there
is no laterally extending reinforcing member which is exposed to the air gaps,
and the diffusion of environmental substances from the interfaces of such an

85 reinforcing member can be avoided.

Covering the surface of the electrostatic protective device circuit




or by applying gas phase or |iquid phase plating directly on the base
board. According to another preferred enbodi nent of the present invention,
the circuit segnents are both interposéd between the inner insulating |ayer
and one of 10 the outer insulating |ayer with nutually opposing edges of
the circuit segnents being located in the air gap hole. Preferably, each of
the circuit segnents has a size ranging from3 to 10 pm In view of the
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Eécqcrnos?arhc protechve dewce circuit segment is enclosed in an air gap defined
inside an insulating base board, the protective film is not required to have any
substantial mechanical strength. It suffices if environmental substances are kept
off from the electrostatic protective device circuit segment, and a thin protective
20 film is sufficient for such a purpose.
When the circuit segments are each interposed between the inner
insulating layer and an associated one of the outer insulating layer, and two axial
ends of the air gap hole are either substantially closed by the respectively circuit
segments or passed through the circuit segments, parts of the circuit segments
25  coated with the plating layer and situated in the air gap hole may project from an
inner wall surface of the air gap hole by a height ranging from 5 to 100 pm.
Thus, the discharge gap is defined by plating the end surfaces of the lands
projecting from the upper and lower surfaces of the inner insulating layer, and
making them project, and the size of the discharge gap can be controlled at a high
80 precision. The electric discharge between the projecting plated members
consists of aerial discharge, and the degradation of the material surfaces due to
repeated electric discharges can be virtually eliminated.
In case of the electrostatic protective device in which the circuit segments
are both interposed between the inner insulating layer and one of the outer
36 insulating layer with mutually opposing edges of the circuit segments being
located in the air gap hole, each of the circuit segments may be provided with a




practical matter, if the thickness of the electrostatic protective device
circuit 35 segnents is no nore than 3 [err], the controlling the precision
of the thickness becones highly difficdll,- and pin holes could develop. If
the thickness is greater -8- than 10 pm the precision in formng the

di scharge gaps is reduced, and it becones difficult to produce uniform
results. The netallic foil that may be used on an insul ating Iayer for
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cireult segiEfbSonductive layer by virtue of the presence of the plating, the electric

discharge between the projecting plated members consist of aerial discharge,

156 instead of surface discharge, and not only the discharge is prevented from being
affected by the surface irregularities of the base material but also the degradation
of the material surfaces due to repeated electric discharges can be virtually
eliminated.

A method for making a chip type electrostatic protectwe device

20  according to the present invention may comprise the steps of: preparing a
laminated assembly comprising a pair of metallic layers interposing an inner
insulating layer therebetween; forming a plurality of through holes for defining
air gaps in the laminated assembly; forming circuit segments by selectively
removing the metallic layers by etching, each of the circuit segments including a

25  part surrounding one of the air gap holes; laminating and bonding an outer
insulating layer and metallic foil to each side of an assembly of the inner
insulating layer and the circuit segments; forming through holes for
interconnection in an assembly prepared by the preceding step between the air
gap holes; forming terminal segmemts for interconnection around the holes for

30 interconnection by selectively etching the metallic foil; forming an
electroconductive layer on an inner wall of the holes for interconnection; and
cutting apart an assembly prepared by the preceding step into individual chip type
electrostatic protective devices by cutting through each of the holes for
interconnection so as to define a terminal for interconnection with a cut apart half

35  of each of the holes for interconnection.

A method for making a chip type electrostatic protective device may also




connectinhg with the holes for interconnection. I|ncreasing the thickness of
the velated part of the circuit segnents is therefore effective in
inproving the reliability of the el ectiiZ -connecti on between these parts.
The thickness is desired to be large, but an excessive thickness causes
problems with the 25 fabrication process (an increase in the work time, an
I ncrease in the materi al, and chahges in the | am nating condltlons due to
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gap holes; forming terminal portions for interconnection around the holes for

16  interconnection by selectively etching the metallic foil; forming an
electroconductive layer on an inner wall of the holes for interconnection; and
cutting apart an assembly prepared by the preceding step into individual chip type
electrostatic protective devices by cutting through each of the holes for
interconnection so as to define a terminal for interconnection with a cut apart half

20 of each of the holes for interconnection.

The metallic layers having a thickness ranging from 3 to 10 pum, and
formed on the first outer insulating layer may be prepared by the steps of;
laminating a composite metallic layer including a first copper layer having a
thickness ranging from 10 to 50 pm, an intermediate layer made of nickel or an

25  alloy thereof having a thickness less than 1 um, and a second copper layer having
a thickness ranging from 3 to 10 pm to the first outer insulating layer, with the
second copper layer facing the first outer insulating layer; removing the first
copper layer; and removing the intermediate layer until the second copper layer
is exposed.

30 The first copper layer is left unremoved in parts adjoining points of
connection with the through holes for interconnection. Thereby, a part of each
of the circuit segments connected to an associated one of the terminals for
interconnection may be provided with a thickness ranging from 10 to 50 pm
while the thickness of the remaining part of the metallic layer is in the range of 3

35 to10um. By doing so, the terminal portions for interconnection are reinforced,
and the reliability of the chip type electrostatic protective device against

T




In this tase, the preferred range of thickness will be given as a comnbined
thickness of the material having a | ower softening point and covering the
10 insulating material provided with hd@des, and the resin film Wen the
resin filmis interposed, it will cover the electrostatic protective device
circuit segnments, and serves as a protective |ayer for covering the
eLechostatlc protective device circuit segnents. In these cases, the kind
of the resin e | am ] ditions, and 15 the size and shape of
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an Figure 3 is a diagram showing the relatlonsmp between the gap size
between a pair of parallel electrodes and the spark voltage;
Figure 4 is a block diagram showing the method of measuring the
effectiveness of electrostatic protection device when electrostatic pulses are
20 applied to an IC;
Figures 5(a) to 5(i) are sectional views showing different fabrication
steps to illustrate the second embodiment of the present invention;
Figures 6(a) to 6(k) show different fabrication steps to illustrate the third
embodiment of the present invention, (2) to (c) and (g) to (j) being sectional
25  views, (¢) and (f) being plan views showing the circuit patterns on the front and
reverse surface of the base board at step (d), (k) being a plan view showing how
the base board is cut apart into individual devices;
Figures 7(a) to 7(j) are sectional views showing different fabrication
steps to illustrate the fourth embodiment of the present invention;
30 Figures 8(a) to 8(g) are sectional views showing different fabrication
steps to illustrate the fifth embodiment of the present invention;
Figures 9(a) to 9(c) are plan views showing possible positional
relationships between holes for defining air gaps and circuit segments;
Figures 10(a) to 10(1) show different fabrication steps to illustrate the
35  sixth embodiment of the present invention, (a) to (d) and (g) to (k) being sectional
views, (¢) and (f) being plan views showing the circuit patterns on the front and




35 reinforcing menber can be avoi ded. Covering the surface of the

el ectrostatic protective device circuit -10- segnents with a protective
| ayer coul d cause the clogging of the dlischarge gap portions, but because
the related portions are not subjected to any pressure, it is possible to
avoi d the cl ogging of the discharge gap portions by using resin film
denonstrating a high viscosity at high tenperature and by appropriately
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Figures 14(a) to 14(j) show different fabrication steps to illustrate the

15  tenth embodiment of the present invention, (a) to (d) and (f) to (j) being sectional
views, (¢) being a plan view showing the circuit patterns on the front surface of
the base board at step (d);

Figures 15(a) to 15(g) are plan views showing possible variations of the
discharge gaps;

20 Figures 16(2) to 16(k) show different fabrication steps to iltustrate the
eleventh embodiment of the present invention, (2) and (c) to (j) being sectional
views, (b) being a plan view showing the circuit patterns on the front surface of
the base board at step (a), (k) being a plan view showing how the base board is
cut apart into individual devices; and

25 Figures 17(a) to 17(k) show different fabrication steps to illustrate the
eleventh embodiment of the present invention, (a) and (c) to (h) being sectional
views, (b) being a plan view showing the circuit patterns on the front surface of
the base board at step (a).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
80 Embodiment 1
Reference is made to Figures 1(a) to 1(1) illustrating different steps of
fabricating a first embodiment of the present invention. A metallic layer 130
consisting of copper foil having the thickness of 18 um was attached to the two
sides of an insulating base board as illustrated in Figure 1(a). This insulating

356 base board was prepared by laminating an inner insulating layer 121 consisting of

polyimide film marketed under the tradename of Apical (Kanegahuchi Kagaku

»-1




i nsul atihg | ayer and an associ ated one of the outer insulating |ayer, and
two axial ends of the air gap hole are either substantially closed by the
respectively circuit segnents or passed &hrough the circuit segments, parts
of the circuit segnments 25 coated with the plating |layer and situated in
the air gap hole may project froman inner wall surface of the air gap hole
by a height ranging from5 to 100 [err]. Thus, the discharge gap is defined
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Copper foil 130 was them laminated over the two sides of the base board
as illustrated in Figure 1(d), and the copper foil was patterned so as to define
electrostatic protective device segments 150 by etching as illustrated in Figure
1(e). The pattern for the electrostatic protectiVe device segments 150 was
defined such that a plurality of protective device circuit segments 150 each
20  including a terminal segment 140 for interconnection were arranged along the
longitudinal direction in an alternating fashion, and this longitudinal row was
 repeated in the lateral direction in a parallel arrangement.  (Figure 1(f) shows
the front surface of the patterned base board, and Figure 1(g) shows the reverse
surface of the patterned base board.) Figure 2 shows a completed electrostatic
25  protective device according to the present invention.
Thereafter, an assembly of an outer insulating layer 123 and an outer
metallic layer 130 consisting of copper foil coated with high polymer epoxy
polymer MCF300E (tradename, Hitachi Kasei Kogyo KK) was placed on each
side of the assembly formed with the protective device circuit segments 150 with
30 the outer insulating layers 123 facing each other, and the entire assembly was
thermally joined under the press condition of 170 °C of temperature, 90 minutes
of press time, and 20 kg/cm2 of press pressure, and the resulted assembly is
illustrated in Figure 1(h).
After holes 170 for interconnection were drilled in the assembly as
35 illustrated in Figure 1(i), a plating layer 180 was formed, for instance by
electroless plating, to the thickness of 15 pm (Figure 1(j}), and terminals for
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10 el ectroconductive layer is renoved by etching. Because the size of the
gaps*on the surface of the electroconductive layer is smaller than that at
the interface between the base materi-al €and t he el ectroconductive | ayer by
virtue of the presence of the plating, the electric discharge between the
projecting plated nenbers consist of aerial discharge, 15 instead of
surface discharge, and not only the discharge is prevented from being

ffected hut al th
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25 250 to 400 4,000 or higher
37 400 to 500 4,000 or higher
62 550 to 750 4,000 or higher
87 650 to 900 4,000 or higher
20 137 850 to 1,300 4,000 or higher

The discharge voltage levels were measured by applying a DC voltage.
The effectiveness in protecting IC's was evaluated by using a circuit as illustrated
in Figure 4 and testing the operation of the IC (IC: SN75189AN made by Texas
25  Instruments) after applying ten electrostatic pulses of 10 kV (pulse internal: one
second) produced by ESD8012 made by Sanki Denshi Kogyo KK (waveform:
TIEC801-2 standard) to the circuit.
The measured values of the discharge voltage levels are summarized in
Table 1. During the tests for the effectiveness in protecting IC's, the IC's
30 operated normally in the instances of the embodiment of the present invention
where the film thickness of Apical was 7.5, 12.5 and 25 pm, but the IC's failed in
all of the instances of the samples for comparison including the instance where
the film thickness of Apical was 7.5 pm.
Embodiment 2
35 Reference is made to Figures 5(a) to 5(i) illustrating different steps of
fabricating a second embodiment of the present invention. The parts



-1 2 conprise the steps of: preparing a first outer insulating |ayer having
a netallic layer on each side thereof, at |east one of the netallic |ayers
having a thickness ranging from3 to- Ib7pn1 forming a plurality of circuit
segnents on the first outer insulating |layer by etching away unnecessary
parts of the one netallic layer 5 fromthe first outer insulating |ayer,
each associated pair of the circuit segments being provided with mutually
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point than the inner msulatmg layer 121, with the copper foil placed on each
15  outer surface of the insulating base board as illustrated in Figure 5(b) . The
Apical film (Kanegahuchi Kagaku Kogyo KK) was available in thicknesses of 7,
5,12.5, 25, 38, 50, 75 and 125 pm, and the thickness of the copper foil was 18
um. The laminating and bonding step was carried out under the press condition
of 280 °C of temperature, 30 minutes of press time, and 20 kg/cm?2 of press
20  pressure.

Holes 160 (1.2 mm in diameter) for defining air gaps were drilled in the
assembly as illustrated in Figure 5(c), and the copper foil was removed from the
two sides of the base board by etching to form the perforated base board
consisting of an inner insulating layer 121 and a pair of surface layers 122 as

25  illustrated in Figure 5(d).

Thereafter, the inner insulating layer assembly provided with holes 160
for defining air gaps was interposed between the two outer insulating layer
assemblies with the circuit segments 150 facing each other as illustrated in Figure
5(¢). The lamination was carried out under the press condition of 170 °C of

30 temperature, 90 minutes of press time, and 20 kg/cm? of press pressure, and the
resulted assembly is illustrated Figure 5(f).

After holes 170 for interconnection were drilled in the assembly as
illustrated in Figure 5(g) a plating layer 180 was formed, for instance by
electroless plating, to the thickness of 15 um (Figure 5(h)), and terminals for

35 interconnection 190 were formed by removing unnecessary parts of the
electroless plating layer 180 and the copper foil layer 130 by etching (Figure




t hi ckness ranging from 10 to 50 [err] an internediate | ayer nmade of nickel
or ah 25 all oy thereof having a thickness less than 1 [err]n, and a
second copper |ayer having a thickness ¥8nging from3 to 10 [err] to the
first outer insulating layer, with the second copper l|layer facing the first
outer insulating layer; renoving the first copper |layer; and renpving the
internediate |layer until the second copper |ayer is exposed. 30
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sectional of temperature, 30 minutes of press tlme, and 20 kg/cm# of press pressure. The
contact surface of the copper foil facing the resin film was the glossier side.
Holes 160 (1.2 um in diameter) for defining air gaps were drilled in this assembly
15  as illustrated in Figure 6(a). |

Electrostatic protective device circuit segments 150 were formed by
depositing photoresist 132 to the shape of desired circuit segments on the copper
foil, etching the copper foil, and removing the photoresist (as illustrated in
Figures 6(b) to 6(d)). The pattern was arranged such that a plurality of

20 electrostatic protective device circuit segments 150 each including a terminal
segment 140 for interconnection were lined up in rows along the longitudinal,
and this pattern repeats itself in the lateral direction as illustrated in Figures 6(e)
and 6(f) .

Thereafter, an assembly of an outer insulating layer 123 and an outer

25 metallic layer 130 consisting of copper foil coated with high polymer epoxy
polymer MCF300E (tradename, Hitachi Kasei Kogyo KK) was placed on each
side of the assembly formed with the electrostatic protective device circuit
segments 150 with the outer insulating layers 123 facing each other, and the
entire assembly was thermally joined under the press condition of 170 °C of

30 temperature, 90 minutes of press time, and 20 kg/cm? of press pressure, and the
resulted assembly is illustrated in Figure 6(g).

After holes 170 for interconnection were drilled in the assembly as
illustrated in Figure 6(h), a plating layer 180 was formed, for instance by
electroless plating, to the thickness of 15 um (Figure 6(i)), and terminals for

35 interconnection 190 were formed by removing unnecessary parts of the
electroless plating layer 180 and the copper foil layer 130 by etching (Figures 6(j)




views, () and (g) being plan views showing the circuit patterns on the
front and reverse surface of the base board at step (e), (1) being a plan
vi ew showi ng how the base board is cut 1dpart into individual devices;
Figures 2 is an external perspective view showing the first enbodinment 15
of the chip type electrostatic protective device according to the present

I nvention; Figure 3 is a diagramshowi ng the relationship between the gap
si ze betw%ﬁ&éﬁ#ﬁlr of parallel electrodes and the spark voltage; Figure 4
is a bloc nlshomnng the nethod of measuring the effectiveness of
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the circuief qampemtnse, 80 minutés of pressdme, an of press pressure. The
15 contact surface of the copper foil facing the resin ﬁ]m was the glossier side (as
illustrated in Figure 7(a)).
Electrostatic protective device circuit segments 150 were formed by
depositing photoresist 132 to the shape of desired circuit segments on the copper
foil, etching the copper foil, and removing the photoresist (as illustrated in
20  Figures 7(b) to 7(d)). The pattern was arranged such that a plurality of
electrostatic protective device circuit segments 150 each including a terminal
segment 140 for interconnection were lined up in rows along the longitudinal
direction, and this pattern repeats itself in the lateral.
A surface layer assembly consisting of copper foil coated with a surface
25 layer 122 consisting of high polymer epoxy polymer MCF3000E (tradename,
Hitachi Kasei Kogyo KK) was laminated on each side of the inner insulating
layer assembly under the thermal press condition of 170 °C of temperature, 90
minutes of press time, and 20 kg/cm? of press pressure, and the copper foil was
then entirely removed (as illustrated in Figure 7(¢)).
30 Copper foil coated with high polymer epoxy polymer MCF3000E
(tradename, Hitachi Kasei Kogyo KK) was used in this embodiment, but it is not
mandatory to use an insulating material laminated with copper foil. Also, even
when material laminated with copper foil is used, it is possible to interchange the
orders of drilling the holes, and removing the copper foil.
35 Thereafter, holes 170 (1.2 mm in diameter) for defining air gaps were
drilled (as illustrated in Figure 7(f)), and copper foil coated with polymer epoxy




- 1 4- réverse surface of the base board at step (d), (1) being a plan view
show ng how the base board is cut apart into individual devices; Figures
11(a) to 11(j) are sectional views shewd Ag-di fferent fabrication steps to
illustrate the seventh enbodi nent of the present invention; 5

Figures 12(a) to 12(j) show different fabrication steps to illustrate the

ei ghth enbodi ment of the present invention, (a) and (c) to (i) being
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numerals. First of all, a pair of surface layer assemblies were prepared. Each

of the surface layer assemblies consisted of a surface layer 122, and copper foil

15  covering one side of the surface layer 122. The surface layer 122 may consist of
tetrafluoroethylene/ethylene copolymer sheet marketed under the tradename of
Aflex film (Asahi Glass KK) having the thickness of 6 um. The copper foil 130
was then patterned so as to defined a plurality of circuit segments 150 in the same
manner as in the previous embodiments.

20 An inner insulating layer consisting of polyimide film marketed under
the tradename of Apical (Kanegahuchi Kagaku Kogyo KK) was prepared. The
inner insulating layer 121 was laminated between the two surface layer
assemblies with the circuit segments 150 facing the inner insulating layer 121, as
illustrated in Figure 8(b), under the press condition of 280 °C of temperature, 30

25 minutes of press time, and 20 kg/cm? of press pressure. The Apical film
(Kanegahuchi Kagaku Kogyo KK) was available in thicknesses of 7, 5, 12.5, 25,
38, 50, 75 and 125 um, and the thickness of the copper foil was 18 um. The
Aflex film has a softening point than the Apical film.

Holes 160 (1.2 mm in diameter) for defining air gaps were drilled in the

30 assembly as illustrated in Figure 8(c), and a pair of outer insulating layer
assemblies were placed over the assembly as illustrated in Figure 8(d). Each of
the outer insulating layer assemblies comprises copper foil 130 coated with an
outer insulating layer 120 consisting of high polymer epoxy polymer MCF3000E
(tradename, Hitachi Kasei Kogyo KK) having a low tendency to flow during the

85 process of heating for bonding purpose. The assembly was again subjected to a
pressing process under the same condition.




25 ' Figures 17(a) to 17(k) show different fabrication steps to
illustrate the:el eventh enbodi nent of the present invention, (a) and (c) to
(h) being sectional views, (b) being aZlan view showing the circuit
patterns on the front surface of the base board at step (a). DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 30 Enbodi nent 1 Reference is made
to Figures 1(a) to 1(l) illustrating different steps of fabricating a first

enbodi ment of thggg ﬁﬁfdgtlm%?ﬁitbﬁ@nggm 1’6‘&1'1 %%gs |3§t| ng of
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The coppernétdiokmeds Therbase board for electrostatic protective devices prepared as
samples for comparison and as embodiments of the present invention were cut
into individual electrostatic devices, and subjected to various tests to determine
16 their discharge voltage levels, and their effectiveness in protecting IC's. The

discharge voltage levels were measured by applying a DC voltage.

Table 2
discharge voltage levels
20 gap size (um) embodiments samples for comparison
6 150 to 250 1,500 to 1,800
12 250 to 350 2,900 to 3,300
25 400 to 500 4,000 or higher
50 500 to 700 4,000 or higher
25 100 900 to 1,100 4,000 or higher
150 1,200 to 1,300 4,000 or higher

The effectiveness in protecting IC's was evaluated by using a circuit as
illustrated in Figure 4 and testing the operation of the IC (IC: SN75189AN made
30 by Texas Instruments) after applying ten electrostatic pulses of 10 kV (pulse
internal: one second) produced by ESD8012 made by Sanki Denshi Kogyo KK
(waveform: IEC801-2 standard) to the circuit.
The measured values of the discharge voltage levels were summarized in
Table 2. During the tests for the effectiveness in protecting IC's, the IC's
35 operated normally in the instances of the embodiments of the present invention
where the film thickness was 6, 12, 25 and 50 um, but the IC's failed in all of the



renoved fromthe two sides of the base board by etching to formthe
perfeorated base board consisting of an inner insulating |layer 121 and a
pair of surface layers 122 as illustraed-in Figure 1(c). 15 Copper
foil 130 was them | am nated over the two sides of the base board as
illustrated in Figure 1(d), and the copper foil was patterned so as to
define electrostatic protective device segnents 150 by etching as
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. . 0 KK) was placed on each side of the assenbly
formed wt ctive device circuit segnents 150 with 30 the outer
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of 15 pm (thegualdy loninatedqo the twpisides of gn inner insulating 1ayer%21 consisting of
15  Aflex film (tradename; Asahi Glass KK) base boards having the thickness of 100
um under the press condition of 280 °C of temperature, 30 minutes of press time,
and 20 kg/cm? of press pressure. The contact surface of the copper foil facing
the resin film was the glossier side. Holes 160 (1.2 mm in diameter) for
defining air gaps were drilled in the assembly as illustrated in Figure 10(a).
20 Etching resist 132 was applied to the surface of each layer of copper foil
130, and unnecessary part of the copper foil was selectively removed by spraying
chemical etching liquid primarily consisting of ferric chloride solution to form 2
plurality of electrostatic protective device circuit segments 150 and terminals for
interconnection 140 which were connected to associated circuit segments (as
25  illustrated in Figures 10(b) to 10(d)). The pattern was arranged such that a
plurality of electrostatic protective device circuit segments 150 were lined up in
rows along the longitudinal direction with each segment including terminal
segment 140 for interconnection, and this pattern repeats itself in the lateral
direction as illustrated in Figures 10(e) to 10(f).
30 A copper plating layer 191 was deposited on the exposed surface of the
copper layer 130 by an electroless plating process, and, in particular, end surfaces
of the copper foil layer 130 exposed from the wall of the holes 160 for defining
air gaps were plated with a copper layer, defining projections 192 (as illustrated
in Figure 10(g)). The thickness of the copper plating layer 191 and the
35 minimum distances between the projections 192 were measured, and assemblies
were prepared so that the minimum distances between the projections were 30

1



-16- intérconnection 190 were formed by renoving unnecessary parts of the
el ectroless plating |ayer 180 and the copper foil layer 130 by etching
(Figures 1(k) and 1(1)). Sanples for <c@?dari son were prepared. The sanpl es
were identical to 5 the first enbodi nent of the present invention in both
the fabrication process and the materials except for that the holes for air
gaps were not forned. The base board for electrostatic protective devices

prepared as_s or conparison and as the first enbodi ment of the
pr esent @@n&@%(?éﬂie cut into individual electrostatic devices, and
subj ect ed to varCoppertfeslt@atﬁd with@okymer epaxyrpolpmes MCRPONE (tradeagme, evel s,

and their rfxfe? %@qammd:@oﬁ thel B sldas af ﬂﬁ@ ﬁﬁsﬁﬁﬂﬂ? hbdee

| evel
20 > 9% Sltlzlgm;ﬂtngewndmon ofl W&%éﬁ tgtlnpﬁqa&gg?g@ gnmutes of prer&pgrg%éf g igo
4,000 qf harithgo k§/7cm2 of Eess prekSiret (s B0trated in Figuse 00@).or Thigighthdles

oS00 oS0 & BronBiPUEE agicbly ap iWppract o Fgitp gy ond o1 o 70

or hi gher P were then dfg
di schar ge slettralgss platingy(asviardicated by madhergl b&j))lvyasmmemvm the ghickmess

S TP e e SR e e i e

I 1lustrat esti operat I on C.. SN75189AN
nmade by Te&QRPCZQOI (assillugtrateddn Fag‘tlf@rl O4pp y T hep.ttermispbsagments, %’@ foful ses of

10 kV {pul 3ferfchhfddith woRFopRee W)et@mﬁg (eeillubn 308 Figneadgk))y Sanki Denshi

Kogyo KK (]\g/a\gefor(rglt EC801-2 standard) to the circuit.

Reference is made to Figures 11(a) to 11(1) illustrating different steps of
fabricating a seventh embodiment of the present invention. The parts
corresponding to those of the previous embodiments are denoted with like

15 numerals. First of all, copper foil 130 having the thickness of 18 um was
thermally laminated to the two sides of an inner insulating layer 121 consisting of
Aflex film (tradename; Asahi Glass KK) base boards having the thickness of 100
um under the press condition of 280 °C of temperature, 30 minutes of press time,
and 20 kg/cm? of press pressure. The contact surface of the copper foil facing

20 the resin film was the glossier side (as illustrated in Figure 11(a)).

Etching resist 132 was applied to the surface of each layer of copper foil
130, and unnecessary part of the copper foil was selectively removed by spraying
chemical etching liquid primarily consisting of ferric chioride solution to form a
plurality of electrostatic protective device circuit segments 150 and terminals for

25  interconnection 140 which were connected to associated circuit segments (as
illustrated in Figures 11(b) to 11(d)). The pattern was arranged such that a
plurality of electrostatic protective device circuit segments 150 were lined up in
rows along the longitudinal direction with each segment including terminal
segment 140 for interconnection, and this pattern repeats itself in the lateral

30  direction.

Copper foil coated with polymer epoxy polymer MCF3000E (tradename,
Hitachi Kasei Kogyo KK) was laminated on the two sides of this assembly under
the thermal press condition of 170 °C of temperature, 90 minutes of press time,
and 20 kg/cm? of press pressure, and the copper foil was then entirely etched

85 away by spraying chemical etching liquid (as illustrated in Figure 11(¢)).

Copper foil coated with polymer epoxy polymer MCF3000E (tradename, Hitachi




The neasured val ues of the di scharge voltage levels are summarized in Table
1. During the tests for the effectiveness in protecting ICs, the ICs 30
operated normally in the instances of ZHe-enbodi nent of the present

i nvention where the filmthickness of Apical was 7.5, 12.5 and 25 Mm but
the ICs failed in all of the instances of the sanples for conparison

i Prt(;l gdi ng the instance where the filmthickness of Apical was 7.5 pm
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enbodi nmen n.inper insylatin er assenbly was prepared by |am nating
an inner W&moa%qwswrefﬁwm B st ng of poI yimde filmmarketed.
under 1phe tradeTen, 6p lf@ﬁlboétﬁamﬂﬁ ol KaasoMKH3000E] a pair of
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t he thi ckipescessbf Gegtingafat bondingspurpose wias plagediaver theaassembly. nriBhe i nsul ati ng
Layer 121, Wby Wes £08R ShibibOel t8'a3588kifM pRRESs under the same condition (as
illustrated in Figure 11(h)).

15 Through holes were drilled as illustrated in Figure 10(i), and electroless
plating was carried out to the thickness of 15 um to the inner wall of the through
holes 170 and the entire surface of the copper foil (as indicated by numeral 180 in
Figure 11(j)). Then, terminal segments 190 for interconnection were formed by
etching (as illustrated in Figure 11(k)).

20 The discharge voltage was measured and the effectiveness in protecting
IC's was evaluated by using chip type electrostatic protective devices which were
prepared from the base board incorporating a number of chip type electrostatic
protective devices and prepared according to the sixth and seventh embodiments
of the present invention, and cutting it into individual electrostatic devices.

25 . The discharge voltage was measured by applying DC voltage. The
effectiveness in protecting IC's was evaluated by using a circuit as illustrated in
Figure 5 and testing the operation of the TTL IC (IC: SN75189AN made by
Texas Instruments) after applying ten electrostatic pulses of 10 kV (pulse
internal: one second) produced by ESD8012 made by Sanki Denshi Kogyo KK

30 (waveform: IEC801-2 standard) to the circuit.

According to the test thus conducted, the discharge voltage was in the
range of 480 to 520 volts (n=>5) for those involving the distance of 30 um
between the projections, and in the range of 670 to 750 volts (n=5) for those
involving the distance of 50 um between the projections. The IC's operated

35 normally after the test for the effectiveness in protecting IC's for both those
involving the distance of 30 wm between the projections and those involving the



15 outer surface of the i nsul ating base board as illustrated in Figure
5(b)+. The Apical film (Kanegahuchi aku Kogyo KK) was available in

t hi cknesses of 7, 5, 12.5, 25, 38, 50-%75 and 125 [err], and the thickness
of the copper f0|I was 18 pm The | am nating and bondlng step was carried
out under the press condition of 280 [err] of tenperature, 30 m nutes of
press tinme, and 20 kg/cn2 of press 20 pressure. Holes 160 (1.2 nmin

di anet er) £fr30 Eﬂefwgélpﬁ)_ h4led in the assenbly as illustrated
in Figure é%{ca)ngfglrflg rlﬂﬂel copper e‘(’}\ﬁpﬁmcgg *r'ermved fromthe two sides of the
base board_m&'ﬂaé to formthe perforat ed base board consisting of an
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and the normal copper foil under the press condition of 380 °C of temperature, 90
minutes of press time, and 20 kg/em? of press pressure.
Sonne EDUV (tradename, Kansai Paint KK) consisting of resist for
16 electro-deposition was deposited on the base board, and after a series of work
including photographic exposure and development, a desired resist pattern was
formed.
The extremely thin copper foil was patterned so as to define electrostatic
protective device circuit segments 150 including terminal segments 140 by
20  etching as illustrated in Figure 12(a). The pattern was defined such that a
plurality of electrostatic protective device circuit segments 150 and terminal
segments 140 for interconnection were arranged along the lateral direction in an
alternating fashion, and this lateral row was repeated in the longitudinal direction
in a paralle] arrangement. Figure 12(b) shows a plan view of the patterned base
25 board. The sizes of the discharge gap 151 were 20, 50, 100, 150 and 200 pm.
An inner insulating layer 121 consisting of polyimide film marketed
under the tradename of Apical (Kanegahuchi Kagaku Kogyo KK) having the
thickness of 125 pm was laminated with a pair of surface layers 122 each
consisting of a tetrafluoroethylene/ethylene copolymer sheet marketed under the
30 tradename of Aflex film (Asahi Glass KK) having the thickness of 6 um, and
with a pair of copper foil layers 130 covering the outer surfaces of the
corresponding surface layers 122 under the press condition of 280 °C of
temperature, 30 minutes of press time, and 20 kg/em? of press pressure (as
illustrated in Figure 12(c)).
35 Holes 160 (1.2 mm in diameter) for defining air gaps were drilled in the
laminated assembly as illustrated in Figure 12(d), and the copper foil 130 was

(L (D




Thi s enbddi nent denonstrated substantially sane properties as the first

enbodi nent. Enbodinent 3 5 Reference is made to Figures 6(a) to
6(k) illustrating different steps of f&@bfi-cating a third enbodi nent of the
present invention. The parts corresponding to those of the previous

enbodi nents are denoted with |like nunerals. First of all, copper foil 130
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15  corresponding to those of the previous embodiments are denoted with like
numerals, First of all, one side of an outer insulating layer assembly consisting
of the same material as the previous embodiment was patterned so as to define
electrostatic protective device circuit segments 150 and terminal segments 140 by
using the same process steps as the previous embodiment (as illustrated in the

20  sectional view of Figure 13(a), and the plan view of Figure 13(b)).

An inner insulating layer 121 consisting of polyimide film marketed
under the tradename of Apical (Kanegahuchi Kagakn Kogyo KK) having the
thickness of 125 um was prepared, and holes 160 (1.4 mm in diameter) for
defining air gaps were drilled in the inner insulating layer 121 (as illustrated in

25  Figure 13(c)).

Another outer insulating layer assembly was prepared. The second
outer insulating layer assembly comprises an outer insulating layer 123 consisting
of polytetrafluoroethylene resin film, and copper foil 130 covering one side of
this outer insulating layer 123. The first outer insulating layer assembly formed

30  with electrostatic protective device circuit segments 150, the inner insulating
layer assembly provided with holes 160 for defining air gaps, and the second
outer insulating layer assembly were laminated and bonded under the press
condition of 280 °C of temperature, 30 minutes of press time, and 20 kg/cm2 of
press pressure (as illustrated in Figure 13(d)). A surface layer 122 consisting of

35 a tetrafluoroethylene/ethylene copolymer sheet marketed under the tradename of
Aflex film (Asahi Glass KK) and having the thickness of 6 um was interposed in




entire a§senb|y was thermally joined under the press condition of 170 [err]
of 30 tenperature, 90 mnutes of press tinme, and 20 kg/cnR2 of press
pressure, and the resulted assenbly is 3 Flustrated in Figure 6(g). After
hol es 170 for interconnection were drilled in the assenbly as illustrated
in Figure 6(h), a plating layer 180 was forned, for instance by el ectroless
plating, to the thickness of 15 Jim (Figure 6(|)) and termnals for 35

i nt er connegd ferkRQ Beweed eadmsh% ot aﬁ\dfrtﬂeu,@a&ﬁﬂﬁary parts of the

el ectrol ess pl at 180 and th 0 by etching
(Figures 6(j) %%ﬁm&ﬁ@%ﬁa@?n&fﬂgﬁmﬁid IgAGur e 6(a)
and the ci 18(@)), plating wgs peforméd bo therthckness of 15 @ﬁﬂQasQﬁdicb&dlbytmﬁﬁbﬁmged
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Enbodi nent etthizg asdlustrated mmbigure 1B(g0hres 7(a) to 7(k) illustrating :

different gtq “9 n{f@rl cating a fourth enbodi nent of the present
i nvention. ™1 TS corresponding to t4Rose of the previous enbodi nents

vere denoted wi tRequﬁ%CGl@ magdenter BiguresFi4(a) togk4(g) Hluskatipg different steps efvi ng
the thi cknegsicafing temiaabadiaiem bf shd pesas issertiont heI‘HeVﬁhrﬁ' des of an inner

navi ng.  heCoRORSL 6 BPsSOp i Fevious Bfabodimpatsrsfe GERIEd Pt by pm 150
[err] ®nd AGfefas.r ] Fumwall, Metpﬂresﬁmlmdnsmumgfofmst empﬂerddydr@mer ature,
50, 1L 1 SonfigBe itk o33 4, St gl 5% DI BRSE d bickeg 5011 71
i || ustrat el pop, zmcgaj ng:kv:(—g;lg}sphorus alloy layer 212 having the thlckness of 0.2 um
interposed between the two copper layers was prepared as illustrated in Figure
- 14(a).
15 This metallic foil 210 was aftached to one side of an outer insulating
layer 123 with the second copper layer 213 facing the outer insulating layer 123,
and copper foil 130 having the thickness of 18 um was attached to the other side
of the outer insulating layer 123 as illustrated in Figure 14(b).
The first copper layer 211 of the three layers of the metallic foil 210
20 covering the outer insulating layer assembly was removed by etching except for
the part intended to define terminals 190 for interconnection (as illustrated in
Figure 14(c)), and the interposed layer 212 was then removed so as to expose the
second copper layer 213. Unnecessary part of the second copper layer 213 was
removed by etching so as to define a plurality of electrostatic protective device
25  circuit segments 150 and the associated terminal segments 140 (which are shown
in the sectional view of Figure 14(d), and the plan view of Figure 14(e)).
An inper insulating layer 121 consisting of polyimide film marketed
under the tradename of Apical (Kanegahuchi Kagaku Kogyo KK) having the
thickness of 125 pm was prepared, and holes 160 (1.4 mm in diameter) for
30 defining air gaps were drilled in the inner insulating layer 121 (as illustrated in
Figure 14(f)).
Another outer insulating layer assembly was prepared. The second
outer insulating layer assembly comprises an outer insulating layer 123 consisting
of polytetrafluoroethylene resin film, and copper foil 130 covering one side of
35  this outer insulating layer 123. The first outer insulating layer assembly formed
with electrostatic protective device circuit segments 150, the inner insulating




Electrostatic protective device circuit segnents 150 were forned by

deposi ting photoresist 132 to the shape of desired circuit segnents on the
copper foil, etching the copper foil,-&8 renoving the photoresist (as
illustrated in 20 Figures 7(b) to 7(d)). The pattern was arranged such
that a plurality of electrostatic protective device circuit segments 150
each including a term nal segnent 140 for |nterconnect|on were lined up in
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for bondi ng pur pThesthe devireadasosimilarlyepreparedias yhe mieviouseampodimeat agai n
subj ected Lo 8, RELHR: Ak MEGGRSS of the copper foil corresponding to the parts defining
the terminal 190 for interconnection was increased (as illustrated in Figure 3(j)).
15 Samples for comparison were prepared. The samples were identical to
the eighth to tenth embodiments of the present invention in both the fabrication
process and the materials except for that the holes for air gaps were not formed.
The base board for chip type electrostatic protective devices prepared as
samples for comparison and as embodiments of the present invention were cut
90 into individual electrostatic devices, and subjected to various tests to determine
their discharge voltage levels, and their effectiveness in protecting IC's.

Table 3
discharge voltage levels (V)
25 gap embodiment embodiment embodiment  samples for
size (um) #8 #9 #10 comparison

20 300 to 400 300 to 450 35010450 4,000 or higher

50 600 to 800 650 to 900 65010900 4,000 or higher

100 850t0 1,150 900 to 1,200 950 to 1,100 4,000 or higher

30 150  1,200t0 1,400 1,300to 1,600 1,250 to 1,500 4,000 or higher

The discharge voltage levels were measured by applying a DC voltage.
The effectiveness in protecting IC's was evaluated by using a circuit as illustrated
in Figure 4 and testing the operation of the IC (IC: SN75189AN made by Texas
35 Instruments) after applying ten electrostatic pulses of 10 kV (pulse internal: one
second) produced by ESD8012 made by Sanki Denshi Kogyo KK (waveform:



under the same condition (as illustrated in Figure 7(g)). 5 Hol es
170 for interconnection were drilled as illustrated in Figure 7(h), and an
el ectroless plating layer 180 was forrme8 to the thickness of 15 pm Then,
termnals 190 for interconnection were formed by etching (as illustrated in
Figure 70)). Enbodinent 5 10 Reference is nmade to Figures 8(a) to
8(g) illustrating different steps of fabricating a fifth enbodi nent of the

pr esent |@E€Bgl%taﬂaﬁd})ﬁ;ﬁﬁmtespondl ng to those of the previous
enbodi nents were den tego\%é ke nurreh%I%!ﬁ1s First 8f all, a pair of
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llayer1s  of the opposing edges are provided with a projection having a tnangular shape.
' In the embodiment of Figure 15(f), one of the opposing edges was defined by a
head at an end of a strip while the other opposing edge was defined by a C shaped
section surrounding the head portion. In the embodiment of Figure 15(f), both
of the opposing edges are defined by fork shaped ends which are interdigitated
20  with each other.
Embodiment 11
Reference is made to Figures 16(a) to 16(g) illustrating different steps of
fabricating an eleventh embodiment of the present invention. The parts
corresponding to those of the previous embodiments are denoted with like
25 numerals. First of all, extremely thin copper foil having the thickness of 5 pm
was attached to one side of an outer insulating layer 123, and copper foil 130
having the thickness of 18 pm was attached to the other side of the insulating
base board. The base material for this outer insulating layer 123 consisted of
polytetrafluoroethylene resin prepreg reinforced by home-made glass cloth, and
30 was laminated and pressed in combination with the extremely thin copper foil
and the normal copper under the press condition of 380 °C of temperature, 90
minutes of press time, and 20 kg/cm? of press pressure.
Sonne EDUV (tradename, Kansai Paint KK) consisting of resist for
electro-deposition was deposited on this outer insulating layer assembly, and after
35  a series of work including photographic exposure and development, a desired
resist pattern was formed. The copper foil was then patterned so as to define




assenbliés were placed over the assenbly as illustrated in Figure 8(d).
Each~of the outer insulating |ayer assenblies conprises copper foil 130
coated with an outer insulating |ayer 8Z0-consisting of high polymer epoxy
pol ymer MCF3000E (tradenane, Hitachi Kasei Kogyo KK) having a | ow t endency
to flow during the 35 process of heating for bondi ng purpose. The assenbly
was again subjected to a pressing process under the sane condltlon. 21
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t he present mvﬁf@%ﬁﬁe gS?eS%’ﬁttﬁg ?&éﬁfl@, qﬁﬁ ﬁ(ﬂl%% t?o°n

ua ctro ’devi ces, and
subj ect ed teBPEAtRIS ANt SPIRKNE PrEASUE Ill‘ﬂp-lfde E-“"EotI“?" e |evels,
and thgi r vpid afdﬁdlmes%&haﬂm@rcmmt eﬂgaﬁs% wﬂwgng iafd bwmlese plat wayel s

were meas upre?tcclxm%éd%)np thb'di gcharge gaps an%qﬁe Cll‘Clllt segments so as to obtain an outer
insulator layer assembly having the discharge gaps of 30 um and that having the
discharge gaps of 50 um. For the actual commercial production process, the
etching condition was first roughly selected and, after the typical size of the gaps

15 was measured, the time period for etching was determined according to the
difference between the desired gap size and the actually measured gap size so that -
the precision of the gap size may be controlled by varying the plating time within
a range that can be easily controlled (as illustrated in Figure 16(c)).

An inner insulating layer 121 consisting of polyimide film marketed

20 under the tradename of Apical (Kanegahuchi Kagaku Kogyo KK) having the
thickness of 125 um was laminated with a pair of surface layers 122 each
consisting of a tetrafluoroethylene/ethylene copolymer sheet marketed under the
tradename of Aflex film (Asahi Glass KK) having the thickness of 6 pm, and
with a pair of copper foil layers 130 covering the outer surfaces of the

25  corresponding surface layers 122 under the press condition of 280 °C of
temperature, 30 minutes of press time, and 20 kg/cm? of press pressure (as
illustrated in Figure 16(d)).

Holes 160 (1.2 mm in diameter) for defining air gaps were drilled in the
laminated assembly as illustrated in Figure 16(e), and the copper foil 130 was

30 entirely removed from both sides of the laminated assembly by etching to form a
perforated inner insulating layer assembly as illustrated in Figure 16(f).

The outer insulating layer assembly formed with electrostatic protective
device circuit segments 150, the inner insulating layer assembly provided with
holes 160 for defining air gaps, and another outer insulating layer assembly

35  consisting of polytetrafluoroethylene resin film having one side thereof covered
by copper foil 130 were laminated and bonded together under heated and

-




di schargé voltage |l evels 20 gap size (pm enbodi nment s

sanphtes for conparison 6 150 to 250 1,500 to 1,800 12
250 to 350 2,900 to 3,300 2531 - 400 to 500 4,000
or higher 50 500 to 700 4,000 or higher 25 100
900 to 1,100 4,000 or higher 150 1,200 to 1, 300 4,000

or higher The effectiveness in protecting IC s was evaluated by using a

circuit agy n%éguﬁédé%xﬁﬁubﬂ éfs ma&ﬁatédth tigigh)! heloee1 7l fgan of the IC (IC

SN75189AN; e 30 Tex S aft.er fen el ectrostatic
pul ses of intGreopnecip wers, Qé'F“r?QI as lgBFegﬁﬁbbd %}“’Eéfﬁ’blz nmade by

Sanki Den brfoﬁﬁl&@o tiie thiekirkoofrls pﬁcmmmamawuganmem 180¢n @ﬁgml t. The
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oper at&d uimsttdtéd/mﬁlgms 16(x andcHkPE t he enbodi ments of the present

mventmn%&;" 1.h |Imth|ckness was 6, 12, 25 and 50 pm but the ICs
failed i n=art t‘lﬁ'e— _ instances of the sanpl es ff conmpari s
P

i ncl udi ng the | Referenee m@aée thBigures,d (@) thdd mwmg@ rent-sigps € 9(a)
to 9(c) llfébﬁéa%ﬁxtg%nvwaﬁu%nﬂﬁid@hbﬁﬂ@ﬂh@ eéeﬁemehﬁanDO%blpaﬂsof each hol e

can b apgPEERRSane i uola og Bkcereiis BRowatiaishla e oA uRRERh oy ine
circuiid s mmﬂslS@"u(sFofgwE e&tﬁ@@ly dlmid <Dppyd fait hawihg theathi¢cknessiof dymied by
the circuiglys attached to one side of an outer insulating layer 123, and copper foil 130

having the thickness of 18 um was attached to the other side of the insulating

base board. The base material for this outer insulating layer 123 consisted of

polytetrafluoroethylene resin prepreg reinforced by home-made glass cloth, and

15 was laminated and pressed in combination with the extremely thin copper foil
and the normal copper under the press condition of 380 °C of temperature, 90
minutes of press time, and 20 kg/cm? of press pressure.

Sonne EDUV (tradename, Kansai Paint KK) consisting of resist for
electro-deposition was deposited on this outer insulating layer assembly, and after

20 aseries of work including photographic exposure and development, a desired
resist pattern was formed. The copper foil was then patterned so as to define
electrostatic protective device circuit segments 150 by etching away the exposed
part of the copper foil by spraying chemical etching liquid primarily consisting of
ferric chloride solution as illustrated in Figure 17(a). The pattern was defined

25  such that a plurality of electrostatic protective device circuit segments 150 each
including a terminal segments 140 for interconnection were arranged along the
lateral direction in an alternating fashion, and this lateral row was repeated in the
longitudinal direction in a paralle] arrangement (as illustrated in Figure 17(b)).

For the purpose of test, the etching condition (the composition,

30 temperature and spraying pressure of the etching liquid, and the etching time)
was controlled so that the discharge gaps be 100 pm, and electroless plating was
performed on the discharge gaps and the circuit segments so as to obtain an outer
insulator layer assembly having the discharge gaps of 30 um and that having the
discharge gaps of 50 pm. For the actual commercial production process, the

35 etching condition was first roughly selected and, after the typical size of the gaps
was measured, the time period for etching was determined according to the




segnent 150 (Figure 9(c)). It suffices if the hole 160 passes through at

| east* part of the associated circuit segnent 150. Enbodi nent 6 10

Ref erence is nade to Figures 10(a) to @1y illustrating different steps of
fabricating a sixth enbodi nent of the present invention. The parts
corresponding to those of the previous enbodi nents were denoted with |ike
nunerals. First of all, copper foil 130 having the thickness of 18 [err]

bovsi e o diffe “fé&ﬁ\?r‘% r*‘%@%ﬁ*ﬁ%ﬁs‘hﬁ&%f& el o de ) ards B aving
t he th.ckn&%pmsmfﬁwrgammay the ganteolled hygyarying the platmg time wighin
t enper at ur @,radge tnamuwae@asmy esiroll as@ll@btib@e&ﬁiF‘@ﬁr@i?(@D)eSS pr essure. The

contact surface the co f.oi | the resi I ossi er
side. Hol es 160 ?Pﬁlﬂﬁﬁﬂsﬁ[)m if]?gqx&&sé] ferﬁj’l‘ 5& | lled in
t he ass&nbhpdersthelttadenamearf Apical @{anegalchi Kapaku Kogyo KKt)(hlavmg thesi st 132

Unnecessar UERMSHIPR TR P, BThofls 1B A mhPl abibe O
cheni cal edetining air gapsiwprd ﬂnﬂxad in therisneninggating i@rer |181 €as Blustreteddnut i on to

forma plu )17% el ectrostatic protective device circuit segnents 150
and term naI for i‘nt erconngct o,n 40 whi ch were conne te%&(ﬁo associ at ed
circuit segments/ngd eggaut;qqnﬁg flHg dRySr s SEas PR PFFonarnhe

pat t er mo Wasutsriandsting ligler héintdy pburpaises 3n ofrteg igstllatim hyeszlm obmistinge

directi on §f PHOZSEATLG éﬁéﬂé{?ﬂ@ﬁ@?@!ﬂﬂfﬁéﬁﬁpﬁﬁ RELT Vel o otak b ¢ 1!
i nt er conne¢his onterdansilating laysr 123 ﬂ&péastsoutesmsﬂlanngﬂmrlaasmnbny formedt i on
as illustr %ﬁf’elb@trgétgﬁﬁg?oté%\?e) déﬁcé'?ﬁ‘&)lt S%Qn%nts 150, the'i grﬁéuf%ﬂ%' ng |ayer

191 was degﬂosrte osed_sur ace e copper y an
el ect r ol esd2)$r a5emap prrmewgdvalﬂa holes 1 rpréeﬂwgwwm thessegpnd he copper

foil |ayer ohfe xﬁsmetsx@gilé P Akdehfblyaldre Qémhi&ﬁad‘@icﬁﬁonlﬁ@ dnder g48f prebng ai r gaps
were plat ed Exon DEIRE oha perat%% Iiﬂf mihdtes LF gl.rels.g lsne,lgnd &Bicgl/énllgs%r at ed
press pressure (as illustrated in Figure 17(e)). A surface layer 122 consisting of
a tetrafluoroethylene/ethylene copolymer sheet marketed under the tradename of
Aflex film (Asahi Glass KK) and having the thickness of 6 pm was interposed in
20 the interface between each adjacent pair of the assemblies.

Holes 170 for interconnection were formed (as illustrated in Figure 17(f)),
plating was performed to the thickness of 15 um (as indicated by numeral 180 in
Figure 17(g)), and terminals 190 for interconnection were formed by etching (as
illustrated in Figure 17¢h)).

25 The assemblies prepared according to embodiments #11 and #12 were
cut into individual chip type electrostatic protective devices, and the discharge
voltage and the effectiveness in protecting IC's were evaluated for each of the
devices. The discharge voltage levels were measured by applying a DC voltage.

The effectiveness in protecting IC's was e valuated by using a circuit as

30 illustrated in Figure 4 and testing the operation of the IC (IC: SN75189AN made
by Texas Instruments) after applying ten electrostatic pulses of 10 kV (pulse
internal: one second) produced by ESD8012 made by Sanki Denshi Kogyo KK
(waveform: IEC801-2 standard) to the circuit.

The discharge voltage was 450 to 530 volts for those having the

85 discharge gap of 30 um (five devices for each of embodiments #11 and #12, or
10 devices in all), and 650 to 750 pm for those having the discharge gap of 50



in Figure 10(g)). The thickness of the copper plating |ayer 191 and the 35
m ni mum di st ances between the projections 192 were neasured, and assenblies
were prepared so that the m ninum di stddces between the projections were 30
-23- pmand 50 [err]. Copper foil coated with polynmer epoxy pol yner
MCF3000E (tradename, Hitachi Kasei Kogyo KK) was | am nated on the two sides
of this assenbly under the thermal press condition of 170 [err] of

t enper at ur i r i Iy ressure
(s i1 usttinBe BrPiceETorcearh it pintiddiients 411 W1 ¥ A0 ediea i1, G

t hr ough t Heceagdingitbytheconduated test, dbe I1Q's cogtineed B operatgsatwasfaatonliess

pl ating ( I ieycld ﬁﬁﬁﬁr o3 4 out to the thickness of
15 [err] ?%tet&%fléﬁingﬁa@y? 0 etﬂLbe tj%?)tyqﬁlhod%m d.the entire surface of
the copper foil M&oughvﬁ&mrﬁ%eeamﬁnﬂpgﬁébm ﬁ‘}%cr?i%?ﬁéﬁ,ter?b‘r‘?ﬁ{mﬁfer@grrent s
190 fop 1@mbdHificathefdof o is\shHoloto® geidyn skilledrig the artithdtuairioaked in

Figure 10 .. Enbodi nent. 7..Ref erence. ks e El. ( 1)
illustrat fﬁi‘é}%}qﬂﬁéﬂgrﬁ" #’(gﬂ O g{e&&sp@k yvﬁt@ggt @@%ﬁ‘?ﬁh@ﬁ%% %’R%%g#&é he
present i rpresent invention walrch ds seiforthin the appended klmsof t he previ ous

enbodi nents are denoted with like 15 nunerals. First of all, copper foi
130 having the thickness of 18 [err] was thernally |lamnated to the two
sides of an inner insulating |ayer 121 consisting of Aflex film (tradenang;
Asahi j¢ ass KK) base boards having the thickness of 100 pm under the press
condition of 280 [err] of tenperature, 30 mnutes of press tine, and 20

kg/ cn2 of press pressure. The contact surface of the copper foil facing 20
the resin filmwas the glossier side (as illustrated in Figure 11(a)).

15



Et chi ng resist 132 was applied to the surface of each |ayer _of copper—+foit——-
130, *and unnecessary part of the copper foil was selectively rennved b

sprayi ng chemical etching liquid primaBi4y consisting of feu“lm m“‘“\
solution to forma plurality of electrostatic protective de

segnents 150 and termnals for 25 interconnection 140 whi' ch *wef e connect ed

to associ at ed circuit segnents (as illustrated in Figures Il (b) to Il(d)).
The pat t er{7pya! @Q%Hg/{z%.ch that a plurality of electrostatic protective
devi ce ci rcwt segrren S were |lined up in rows along the |ongitudinal

direction with each segnent including term nal segnment 140 for
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2. A chip type electrostatic protective device according to claim 1, wherein
15  said circuit segments are each interposed between said inner insulating layer and
an associated one of said outer insulating layer.

3. A chip type electrostatic protective device according to claim 2, wherein
two axial ends of said air gap hole are substantially closed by said respectively
.20  circuit segments.

4, A chip type electrostatic protective device according to claim 3, wherein
said air gaps are spaced from each other by a distance ranging from 15 to 150
pm.

25
5. A chip type electrostatic protective device according to claim 4, wherein

said air gaps are spaced from each other by a distance ranging from 15 to 60 pm.

6. A chip type electrostatic protective device according to claim 5, wherein
30  said air gaps are spaced from each other by a distance ranging from 15 to 30 pm.

7. A chip type electrostatic protective device according to claim 1, wherein
at least a part of said inner insulating layer provided with said air gap hole
consists of a material selected from a fluoride resin material and a polyimide

85 resin material. '



measur ed, and base board were prepared so that the m ni num di stances
between the projections were 30 [err] and 50 pM 10

foil coated with polymer epoxy pol ymer SMCF3000E (tradenane “"l"ﬂm(lm%ﬂlmm
Kogyo KK) having a | ow tendency to flow during the process of Heatin®y Tor

bondi ng purpose was placed over the assenbly. The assenbly was again
subjected to a pressing process under the sane condition (as illustrated in

Figure 11 1
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alnd :hfs Sf%wymeﬂaét?aﬂﬁbzgemy@éﬁd/ ﬂhﬁ‘r@llmqmww@é espdlymes,iamg £hi p type
el ectrostati ctive | ces i C repa board
i ncor poraﬂnﬂé‘fge‘ﬁ’i?ﬁﬁ’e?r Bt a]ﬁ Q?é‘?s?‘é"’gﬁ‘o{ g@f%r%:/@ es and
prepared aresix.ding to the sixth and seventh enbodi ments of the present
i nvention, and cutting it into individual electrostatic devices. 25

S e o e e P DAk oot g i hese
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pul ses of %1911&\90%/1'5 1p§ 6 ’é‘ﬁter%ﬁer}tm Efyd})npmg%gen el’—é‘g@ﬁﬁ f@{?& by
Sanki Denséhe &g citfbuil Gegentseind said loh@idasilatngiayersd) to the circuit.
According to the test thus conducted, the discharge voltage was in the

range of 480 to 520 volts (n=5) for those involving the distance of 30 pm
bet ween the projections, and in the range of 670 to 750 volts (n=5) for

ngfg t g{;vomi N9 Ahif tled16GrGtathOplotédtiveRRiIRLIEchifing t6 LREhi BWherdfte | C s
two axial ends of said air gap hole are closed by said respectively outer insulating
layers, and said air gap hole is passed through said circuit segments.

11. A chip type electrostatic protective device according to claim 10, wherein
20  said air gaps are spaced from each other by a distance ranging from 5 to 150 pm.

12. A chip type electrostatic protective device according to claim 11, wherein
said air gaps are spaced from each other by a distance ranging from 5 to 60 pm.

25 13. A chip type electrostatic protective device according to claim 12, wherein
said air gaps are spaced from each other by a distance ranging from 5 to 30 pm.

14. A chip type electrostatic protective device according to claim 1, wherein
said circuit segments are both interposed between said inner insulating layer and

30  one of said outer insulating layer with mutually opposing edges of said circuit
segments being located in said air gap hole.

15. A chip type electrostatic protective device according to claim 14, wherein
each of said circuit segments has a thickness ranging from 3 to 10 pm.

35 :
16. A chip type electrostatic protective device according to claim 15, wherein



35 normally after the test for the effectiveness in prot@cting | Cs for

bot h~those involving the distance of 30 [err] between the [ '
those involving the -2 5- distance 8f650 pm bet ween theﬂ"lmguumﬂml‘mm
Enbodi ment 8 Reference is nade to Figures 12(a) to 12(j) .ill*usfratiny s *

different steps of fabricating a eighth embodi nent of the present
I nvention. The parts 5 corresponding to those of the previous enbodi nents

are denot eg .y | i ' : | r foi
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I nsul ati ngimayer 120, and copper foil 130 having the thickness of 18 pm was

?ttacﬂed to the other side of the insulating base board. The base materi al
or this outer insulating_|ayer 120 consisted of 10, . ]

pol yt et r af £lor oefArshiR HPe electFositipPrdectiie feyiceArcRIAing e chaime G mhetein) ot ,

and was; | agiidairgshps ade BpR2dEEorh Racl Gtlien dlyi Odistainte rddpéng Robe ISty 60 him. copper

foil and the normal copper foil under the press condition of 380 [err] of

tenperature, 90 mnutes of press tine, and 20 kg/cnierr]of press pressure.
Sonne EDUVI&. r adArchip typteclectiostaticprotéctiveatesicet aoogrdifig teclasm 17 whesein

| ectro-d ' o A '
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wor k i ncl udrrng ogr aphi ¢ esired resi st
pattern was formed. The extrenely thin copper foil was patterned so as to
defineygel eggr OStAtdlﬁ% EebtryRatilepiotectivie devide £R07MEAE to ERd 1m§ el icn
term nal segnents 14 §¥} 20 etchi ng as |IIu§trated I B Fi.qure é&a). The
pattern wadPagofseah of s4idgirenit segmenty ¢anpegieddp apassciafed g’nﬁ ofsad: i ve

devi ce ci rggininale foreintecdiiectiod i$ provided with a thickness ranging from 10 to 50
pm.

15 20. A chip type electrostatic protective device according to claim 14, wherein
a part of said circuit segment situated inside said air gap hole is covered by a
protective layer having a thickness ranging from 5 to 30 pum.

21. A chip type electrostatic protective device according to claim 14, wherein
20  said protective layer essentially consists of a fluoride resin material.

22, A chip type electrostatic protective device according to claim 14, wherein

each of said circuit segments is provided with a layer of metallic plating at least

at a part thereof adjacent said edge thereof opposing the edge of the other circuit
256  segment.

23. A chip type electrostatic protective device according to claim 10, wherein
at least an edge of each of said circuit segments situated in said air gap hole is
provided with a layer of metallic plating

30
24, A chip type electrostatic protective device according to claim 22, wherein
a minimum distance between parts of said circuit segments coated with said
plating layer and situated in said air gap hole ranges from 5 to 150 pum.

3 25. A chip type electrostatic protective device according to claim 22, wherein

parts of said circuit segments coated with said plating layer and situated in said



segrrents‘140 for interconnection were arranged al ong the | aterat drrection— —

in ant alternating fashion, and this |ateral row was repeated;
| ongi tudinal direction in a parallel arB8dahgenent. Figure 12( !Jl]’b%!glllmleﬂrﬂn
view of the patterned base 25 board. The sizes of the dischar s
were 20,50, 100, 150 and 200 pm An inner insulating |layer 121 consisting

of polyimde filmmarketed under the tradenane of Apical (Kanegahuchi

Kagaku Kog ' ' \ nat | a pair
of surfac e%?ra%‘g;r 2&%%{;%5%%%8%%% ﬁg{é?%lg%m%&?’ ﬁ%%@ﬁ% ﬁ%ﬁ%{gﬁ&l ene
copol yner ghegingfomédtodlthdex the 30 tradename of Aflex film (Asahi d ass
KK) having the thickness of 6 pm and with a pair of copper foil layers 130

covering the outer surfaces of, the correspondi ng,surface |ayers 122 under
the press Sonci 1 meshod for making a¢hip syprelspupuAiapateqHealsvite pr oss (i me,
and 20 kg/ risin@thepstepsofor essure (as illustrated in Figure 12(c)). 35
Holes 160 (1.2 mm.in dianeter).for defining ai were drilled in the
| am nat ed assenbl%el?fglqg %E‘t“regfnesl}iqq{lglll%%ﬁ&OYQ{E’&)%@HHOPE}%%B%;@F foil 130
was - 2@lefining air @aps;r enoved from both sides of the |anmi nated assenbly by
etching to form £ar i | Y Ll lustrated
T F gare 12(e) . MASSEEARERILORTEr I SAiIOG WM Bin ARSI e et |
el ect r ost atﬁf@V@%t"@_ﬂt hQ’@SZdevi ce circuit segnents 150, the inner insulating
llayer agsenbly prgmhiRcth phirdlity oftcast séfheh ofl@ddhNidWofédid adatid
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copper foi linsudating layerat ed and bonded together under heated and pressurized
condi tion (as i1 gyt 8%dd borlohi S btk surble fayd? fhd Bleedilé 85 95BRSH ' O

side of an assembly of said inner insulating layer and said circuit segments;

15 forming through holes for interconnection in an assembly prepared by the
preceding step between said air gap holes;
forming terminal segments for interconnection around said holes for
interconnection by selectively etching said metallic foil;
 forming an electroconductive layer on an inner wall of said holes for
20 interconnection; and
cutting apart an assembly prepared by the preceding step into individual

chip type electrostatic protective devices by cutting through each of said holes for

interconnection so as to define a terminal for interconnection with a cut apart half

of each of said holes for interconnection.

25
27. A method for making a chip type electrostatic protective device
according to claim 26, wherein at least a part of said inner insulating layer
consists of a material selected from a fluoride resin material and a polyimide
resin material.

30

28, A chip type electrostatic protective device according to claim 27, wherein
said part of said inner insulating layer consists of a fluoride resin material
selected from a group consisting of polytetrafluoroethylene resin,
ethylene/tetrafluoroethylene copolymer, tetrafluoroethylene/hexafluoropropylene
35 copolymer, tetrafluoroethylene/perfluoroalkoxypropylene copolymer, and a
modified resin prepared by modifying a fluoride resin with a different organic



f or med (és illustrated in Figure 12(g)), plating was performed to the
t hi ckness of 10 15 pm (as indicated by nuneral 180 in Figurée 12th)y); -and—-

termnals 190 for interconnection wer-e3fformed by etching ( '
Figures 12(i) and 12(j)). Enbodi nent 9 Reference is nmade t lm ﬂ@l@k
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to 13(g) illustrating different steps of fabricating a nint
the present invention. The parts 15 corresponding to those of the previous
enbodi ments .are denoted with Iike nunerals. First of all, one side of an
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gaps wer e msfetihkd in the inner insulating layer 121 (as illustrated in 25
Figure 13(c)). Another outer insulating |ayer assenbly was prepared. The
second outer insulat i;é; | ayer assenbly conprises an outer insulating | ayer

123 consi $X0.ng & mushed fermakingraochip yypmelectzestatic pratectivecdeyigegper foil 130
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I nsul ating layer- assenbl ormed 30 wth ectrostatic protective, device
circuit s@@mt@flexbyleﬂﬁféetraﬂww ylemgrcopglymsreand theaemaming matgsal wi t h
hol es 160 d‘oggisd;eﬁﬂﬂm trafliofiBbyleAd fesihle second outer insulating |ayer
assenbly were | am™nated and bonded under the press condition of 280 [err]
of tenperature, 30 mnutes of press tinme, and 20 kg/cnR2 of press pressure
(as il ust¥lat ed A chif type electiodtatic protestive devica pecortliiy toasiains 26 whefei®s a

t et r afikuorges Byl aneh ! dpakan frofP BRI SEr 515 HsthRid ahEthe R 19 a1 4 adename

of
pm.

32. A chip type electrostatic protective device according to claim 31, wherein

said air gaps are spaced from each other by a distance ranging from 15 to 60 pm.
20

33. A chip type electrostatic protective device according to claim 32, wherein

said air gaps are spaced from each other by a distance ranging from 15 to 30 um.

34. A chip type electrostatic protective device according to claim 26, wherein
25  said metallic layers for defining said circuit segments consists of metallic foil.

35. A chip type electrostatic protective device according to claim 26, wherein
said metallic layers for defining said circuit segments consists of gas phase or
liquid phase plating.

30
36. A chip type electrostatic protective device according to claim 26, wherein
said holes for interconnection is made electroconductive by electroless plating.

37. A method for making a chip type electrostatic protective device
356  comprising the steps of:
preparing a laminated assembly comprising a pair of metallic layers



Aflex fi I'm (Asahi dass KK) and having the thickness of 6 pmwas interposed
in - 2 7- the interface between each adjacent pair of the-assenblies.

Hol es 170 for interconnection were forme8 (as illustrated in F M\“\
plating was perforned to the thickness of 15 [err] (as indi cﬁlﬁﬂ“@y‘m
180 in Figure 13(f)), and termnals 190 for interconnection ¢ maed By *
5 etching (as illustrated in Figure 13(g)). Enbodinent 10 Reference is

made to Fi : . : ] ' | fferent steps of fabricating
a tenth e%@k%@%&ﬁ%&@él@%@%{qﬁ%ﬁv e parts corresponding to
t hose of the preforoisgarplurility of thrangh belestferidefininglaikgapsdn sawher al s. Fi r st

of all, ne ' £ mggp consisting of a first copper |ayer 211 having the
t hi ckness !ﬁﬁ%&dferr, . d second copper _| ayer 213 having the_thjckness of 5

pm and a ni ckel £m§5 FHcyY sgements by seleciively rrmongng ﬁ@%tmp@ﬂﬁébye@rbso. 2 pm

| nt er posede elchi Bf sdideiafie eﬁ’_sselhélu\_tﬁﬁgzﬁ 8R3uAduAdink! doedfisalEsiri N
Fi gure 14(aél?, This netfallic foil 210 was attached to one side of

an outer & pgeishg | ayer 123 with the second copper |ayer 213 facing the
out er i nsul ati nglanaipating afd bandingegupeutef nistilatidg layeri ang méllicfoikioeeaehof 18

[err] was 2 ' . Is i gr 123 as
I 1lustrat e%ﬁ%gﬁglﬁgﬁ%}n&g’(e%?m#é&# ?f?sg?é%ﬁ(é;%ggyétgc{/sedﬂ%%fs Qgﬁéﬁ%hr ee | ayers
of the metallic fasmingtiropgh helssdior injerapanestion in ansagsamblyyprepared b thenbl v
was r e{mvegr&gdm‘gﬁge@%ﬁ%ﬁgg ghpBoRart intended to define termnals 190
for interconnectjon .éas I1lustrated.in Figure 141(1%}3 , dand hhle i.nt er posed
| ayer 212 was t hERTIHBESErEnelporiions fonaptrreonnection ardund said holes for
interconnection by selectively etching said metallic foil;
forming an electroconductive layer on an inner wall of said holes for
interconnection; and .
15 cutting apart an assembly prepared by the preceding step into individual
chip type electrostatic protective devices by cutting through each of said holes for
interconnection so as to define a terminal for interconnection with a cut apart half

of each of said holes for interconnection.

20 38 A method for making a chip type electrostatic protective device
according to claim 37, further comprising the step of applying plating to an edge
of each of said circuit segments exposed in a corresponding one of said air gap
holes so as to project said edge into said air gap hole by a prescribed height.

256 39. A method for making a chip type electrostatic protective device
comprising the steps of:
preparing a laminated assembly comprising a pair of metallic layers
interposing an inner insulating layer therebetween;
forming circuit segments by selectively removing said metallic layers by
30 etching;
laminating an intermediate insulating layer on each side of an assembly
prepared by the preceding step;
forming a plurality of through holes for defining air gaps in said
laminated assembly, each of said air gap holes passing through one of said circuit
35 segments;
laminating and bonding an outer insulating layer and metallic foil to each



second copper | ayer 213. Unnecessary part of the second copper—layer.213 —
was rFenoved by etching so as to define a plurality of electrostatic

protective device 25 circuit segnents 480-and the associ at egm l l"_ﬂllll”"l
segnents 140 (which are shown in the sectional view of Figur -

the plan view of Figure 14(e)). An inner insulating |ayer 121" consi'st i"ngsof*

polyimde fil mmarketed under the tradenane of Apical (Kanegahuchi Kagaku

Ki KK) hayi | . .ed..

i ardt g et e R ifter AR BB GRAR: iyl Smarat (4 ¢
i nsul at i ng ihtepmediaflingakatingllawer; ated in Figure 14(f)). Another outer

| nsul ating |ayer f@ﬁﬁﬁ@%{od@shdiééaﬂﬁﬁﬁﬁrfﬂfecﬁ@&ﬁﬂﬁl Qék’eﬁiblxg?%{#a@éd BY thayer

assenbly conprisées an-outer insu]ati ayer 123 consisti
pol yt et r af mmedm&yppb@tww spi¢ pirgap opper foil 130 covering one side
gfssgﬁb | %/ h} Z r ﬁgée\%‘-’% ; téfmtﬁﬁl éig{ﬁfnsﬁﬁintéfﬂt@@nﬁwtﬁind  @otnd saiddolatforg | ayer

. ( ectyos | rotectiv eyi.ge circuit segnents 150,
the inner IREIFORIPREOR Yﬁekﬁtlvaafg?ﬁﬁgégﬁﬂpﬁteay}%tﬁ%ed with holes 160 for
defining air gapforming dnhelestesconduotivelayensnlaatinmer waly of ssidwits forver e

| am nat ed and_baond nd the press condition of 280 [err] of tenperature
30 m nutes %?r?mgg?ﬁlnegﬁ%nd 20 kg/cnferr] of press ™

*

i | L us]E lrat ed in Ficytting apertyn assambly prepsrech Eﬁhmce@ngirsgqsnsﬁg B#(d%éidual
etra or
i i

of Afléx fi . ) the thickness of 6 npm

i nt er posed MGIEIACCHOR 5P 38 &0 definea terayp HP‘&EWB&WH W\‘tkt%‘é‘ﬂe??ggm es.
Hol es 170 fofleathbekgidtotes fopiinteadomneotiomd (as illustrated in Figure 14(h)),
pl ati ng was perforned to the thickness of 15 [err] (as indicated by nuneral

40, A method for making a chip type electrostatic protective device
15  comprising the steps of:
preparing a first outer insulating layer having a metallic layer on each
side thereof, at least one of said metallic layers having a thickness ranging from 3
to 10 um;
forming a plurality of circuit segments on said first outer insulating layer

20 by etching away unnecessary parts of said one metallic layer from said first outer
insulating layer, each associated pair of said circuit segments being provided with
mutually opposing edges in said air gap hole;

preparing an inner insulating layer provided with a plurality of holes for
defining air gaps;

25 laminating and bonding said inner insulating layer between said first
outer insulating layer, and a second outer insulating layer having a metallic layer
formed on one side thereof, with the other metallic layer of said first outer
insulating layer and said metallic layer formed on one side of said second outer
insulating layer facing away from each other;

30 forming through holes for interconnection in an assembly prepared by the
preceding step between said air gap boles;

forming terminal portions for interconnection around said holes for
interconnection by selectively etching said metallic foil;
forming an electroconductive layer on an inner wall of said holes for
35 interconnection; and
cutting apart an assembly prepared by the preceding step into individual



10 180 in Figure 14(i)), and terninals 190 for interconnection were formed

by etching (as illustrated in Figure 14(j)). Thus, the devic kg
prepared as the previous enbodi nent exdept- for that the thi cﬂ!mumm m mlll
copper foil corresponding to the parts defining the term nal cfTOF R s *

I nterconnection was increased (as illustrated in Figure 3(j)). 15
Sanpl es for conparison were prepared. The sanples were identical to the

Fabri cat i oy des BRCRTRE brilecdVr aRiBRRY bl thican' el BF plidfties for;
gaps wer e inferconmention shias toalefinpeaterininal farintercgnuection ovithoa cut aparphalfect i ve
devi ces pr &P HhiasiFRORE ¢6r fatrcsMBRAbLSON and as enbodi ments of the

present invention were cut 2 Into 1 ndividual electrostatic devices, and
subj ected to various tests to determ ne their discharge voltage |evels, and

their of feqlivengshethodfophrkingd chip type tRittstidiprefeatioedydct age | evel s
(V) 25 g%%?d' en‘i)odl nt}1 enbodéme {1rs 1enbogll nent ..s |l es for size
(plerr] ing to claim 4{}, wheréin sai n}g%ghc ayers a@&gﬁa@@gﬁs%@ngmg 300 to
400 300from 35010 pnR~dhd fors6d on saidfiest outdriiphidating layer isgepareddjOthe 650
to 900 séf) 900 4,000 or higher 100 850 to 1, 150 900 to 1, 200
950 to 1,1 ’000 or higher 30 150 1,200 to 1,400 1,300 to 1,600

1,250 to 1,500 langoating 2kpoipesite metallisdayardacluding:atirst eoppey lagete neasur ed
by appigyi ngh g@m%egﬁaﬂg{hg fphioel {oVSMARS ahTofRkMbaftd x\%ef fAadwag eval uat ed

the 1 (1 coickslormmalosnhsicat iy tigkthss Jess fiuht Wcaiich SEgpRFOREER on
el ect r ost alaivér havings thickhessadnging frem it 0 pim toosudd Sestouler ipsldtingd by
ESDB012 a?relg YR B sBE0Rd" (IBOPP%%? X%e?lfaéiﬂ@\égld%{a outer insulating layer;
removing said first copper layer; and
15 removing said intermediate layer until said second copper layer is
exposed.

42, A method for making a chip type electrostatic protective device
according to claim 41, wherein said first copper layer is left unremoved in parts
20 adjoining points of connection with said through holes for interconnection.

43, A method for making a chip type electrostatic protective device

according to claim 40, further comprising the step of applying a controlled

amount of protective plating to said circuit segments before said laminating and
256  bonding step.

44, A method for making a chip type electrostatic protective device
comprising the steps of:
preparing a pair of circuit segment assemblies each of which comprises
30 an outer insulating layer, a first metallic layer covering one side of said outer
insulating layer, and a second metallic layer cover the other side of said outer
insulating layer; '
forming a plurality of circuit segments on one side of said outer
insulating layer by etching away unnecessary parts of said first metallic layer;
35 preparing an inner insulating layer formed with a plurality of through
holes for defining gap in association with said circuit segments;



-2 9- IE0801 2 standard) to the circuit. According to the “conduct ed test
the'IC s continued to operate satisfactorily after the t uwmmlmn}e
enbodi nents #8 to #10 and for the di $harge gaps of 20 p%m‘l

the ICs did not operate normally after 5 the test for the $anmp elen

when the discharge gap was 20 pm Figures 15(a) to (g) show var| ous
possible fornms of air gaps 151 although they are not intended to be

cach show aF' gﬁﬁé‘%‘% g ind hoiding st %‘%‘E?‘“sﬁ”““%qﬂfe‘e‘?‘@%%‘2§%§%?c‘%‘?2ﬁs( and
o5 saoSesn g dayaTs UG GGEAl SBBER A SR ENAR! SOpioR SESSIPLYGAcIBE '« ho
1<:eﬂbodl megdid ¢hndriigsuletide ldyer abdeatlnef Mld]cﬁ@ﬁit@egmeﬁtsmhgnﬁﬂ witleared ]ges h0ppos es

e recesses. QS| ce. Vv t he case of the
enbodi ma%‘et P?‘?ﬂéﬂﬁgf?@ Eﬁ’ﬁ‘ﬂ@ﬁ@@%’&&ﬁ‘ﬁa@ﬁgﬁg&re 15(d), one of the
opposi ng edgesfareng thraughholdsi ﬂoemtbmonnb@tommpmmssgnbhgprepamddmtheded with
a proj ecb epgg%gv %bé’tv&ereh%gﬂf’ gaghg In the enbodi nent of Figure 15(e),

both 15 osing e rovi ded with a proLect | on havi ng a
triangul ar shaﬁﬁmmﬁtﬂﬁ@n@rﬂm&pﬂ%fﬂf igtereonpgction grqund sgidhelesdoe opposi ng

edges wamtei%hﬂ&ﬁ;d% Pseledively efhilshidkeconl rakRiNéa érst' he ot her opposi ng

edge was defing aCsha ed.s ctlon surroundin rtion. In the
enbodi nent of 1??’515&%3&@8?‘?’: copdye lp}q%r%%gqq% aé‘fg‘)]&g Phed by fork
shapml eimercohnedtion: e andt er di gi tated 20. with each ot her. EITbOdI ment 11

Ref erence is np¢ f st f
fabricati nlg an“'¢ 'n&glﬁ’gﬁ%g%émm%% ﬁé’g& g’%%ﬁgé&ﬁ% a?tgps °
cor r esposkiprigpe electrostetiofprotectiys devicesb Eﬁmmgrtbmughanaeh@éwddmlw oy |i ke 25
nurer al sintélcbibedfondd as @detRiSH térifial f6CRBGEodRictioN WitEe chib @pdrPhalfness of

5
pm of each of said holes for interconnection.

15
45. A method for making a chip type electrostatic protective device
comprising the steps of:

preparing a pair of circuit segment assemblies each of which comprises
an outer insulating layer, a metallic layer covering one side of said outer

20 insulating layer;

forming a plurality of circuit segments on said one side of said outer
insulating layer by etching away unnecessary parts of said metallic layer;

preparing an inner insulating layer;

laminating and bonding said inner insulating layer between said circuit

25 segment layers with said circuit segments of said circuit segment assembly facing

said inner insulating layer;

forming through holes for defining air gaps in an assembly prepared by
the preceding step, each of said air gap holes passing through one of said circuit
segments;

30 preparing a pair of interconnection terminal assemblies each of which
comprises an outer insulating layer, and a metallic foil layer covering one side of
said outer insulating layer;

laminating and bonding an assembly including said inner insulating layer
and said circuit segment layers between said interconnection terminal assemblies

35  with said metallic foil layers of said interconnection terminal assemblies facing
away from each other;



was attached to one side of an outer insulati ng | ayer 123, and copper foil
130 having the thickness of 18 [err] was attached to the ﬂ'

i nsul ati ng base board. The base materi€B for this outer i ml!lmg!)ﬂmnm
123 consi sted of polytetrafl uoroethylene resin prepreg rel mfo¢c s *
hone- made gl ass cloth, and 30 was |am nated and pressed in conbination
with the extrenely thin copper foil and the normal copper under the press
condition of 38 errl, of B QUL es QI i 20
kg/ cn? of pressg?}{%@gﬁ’f“é’.“%m%%% @?’glag%a*rgl, ar?ggilbi:ggférﬂ EH)?%

consi st i ngrededingsitep between said aiv-gaphodisti on was deposited on this outer

i nsul ating | aye : : ' ; cgm?&'ﬁ bzl fagli Ng
phot ogr aphi c exg%@gqmg@%%%gﬁ@r esl "gsarrgtgrild%m&gﬁegrfggms f or med.
The c0ppemtﬁm0mnﬂ@t$oﬁh1§ﬁel|§§ﬂ@yﬁé‘ém§&s§§5960 mepallic foll lgyerss| ectrost ati ¢
protecgive devi ¢ermtinbGinl dleStestvRanstivieRyel of bf g walhyf sdid helgsdfoed part of
the copper_foil by.spraying chemcal etching liquid primarily consisting of
ferric chWP’f“@émgéll 3] o%fpgs illustrated in Figure 16(a). The pattern was
defined such t hetttimgniparedd sssenibly praparakbthecpreceding stepantieindieidual cui t

segnents 150 each;5. 1nc . SEe4 4 j ction
were arr aRBREESetasEcitofifs HeUiGer By RRIE Syl Cack ol ERIESROEC
thi s | at edstercomneotion sepeta definena tevminal fgr intenceanedtionawithgeut apart palfy) | e
arrangenenf Q@’?ofé HHoi& o intBrdongEétfonl 6( b)) . For the purpose of test, the
et chi ng congl Ion (the conposition, tenperature and spraying pressure of
the etching liquid, and the etching tine) 10 was controlled so that the
di scharge gaps be 100 pm and el ectroless plating was perforned on the

di scharge gaps and the circuit segnents so as to obtain an outer insulator
| ayer assenbly having the discharge gaps of 30 pmand that having the




di scharge gaps of 50 pm For the actual commercial production process, the
etchtng condition was first roughly selected and, after the typical size of
the gaps 15 was neasured, the time pet¢idod for etching was determ ned
according to the difference between the desired gap- -Si-z-e—and- the pal |y
measured gap size so that the precision of the gap|si ze Sty teScBiiy bl | ed
by varying the plating time within a range that can be eBStiAY ¢ontrof | ed
(as il lusty. i nner insulati Tayer~I1Z1 consli sting
of polyi nfﬁéw i@db%&}%)rﬁig‘p‘t he tradenanme of Apical (Kanegahuchi
Kagaku Kogyo KK) having the thickness of 125 pmwas |amnated with a pair

Copol ymer - shoet TASVESS Sﬁwuﬁ%@%%‘%ﬁb@ﬁé%ﬁ%%@wﬁm B?P?M?E’éh. Bhes ko

havi ng t h@retecting elatively sulnerablsdeviges suph ps E&Pfi 'sdeppelegtgstaticay er s
130 Coyer'daﬁl §E§ aelut@meﬁwdﬁﬁ%ﬁéa eCtEGHLALES dewideawhichayers 122
under the G ?]Stlon of 280 tfx {g@gra ur 30 ni nl#]tg% of press
time. and cB SEBPEIMEstHCHEe 2568 ¢ il deviesssepied iy |

Hol es 160 abs%onmme‘r gnédoen esduck dhe si:zé landlcgstaoﬁthgdpmcaer @herchip tpei n t he

| ted foil 130
wns 30 e f‘?c?@rs B kv B e Sl Bt S hobbaeRer 1 o

et chi ng t@rgamamsmmeftmdt&nﬂ provistediwith h plunaljty of boles ferdafining 8irigapsst r at ed
I n Figyre 3106 of odtBP il éﬂsiﬂa&a JrPb&th shis WY it HRdIMdg ayer,

el ectrostatl C prot ective ylg uit segnent 0, rthe inn al at i ng
| ayer ass@RfICICBHSELIER fHJ%Fl S"i’ﬁfgqgﬂp %ﬁcﬁ Q%Shfaﬂr &38%rs ﬁé}ﬁﬁ;ﬁot her
outer :c nls HhietdoMbictBO® hreaﬁﬁﬁﬁ’ﬁhﬁ tBélama&d%smblg@ ambﬂ%et mteridrl of eack olfy| ene
resin fi V. e cov R re
| ami nat ed rRé‘hE iﬁﬁ?ﬁdﬁﬂ“‘?‘iﬁﬁ?ﬁﬁ@? Qfﬁ’(fby i@g&sgﬁﬁﬁg 19 Ber| Alt‘aph Inth®
individual chip type electrostatic protective devices by cutting through each of
15 the holes for interconnection so as to define terminals for interconnection.

Fig 1(k)

Thrs Sheet Has B

[T m?i:



-31- pressurized condition (as illustrated in Figure 16(g)). Holes 170 for
i nterconnection were formed (as illustrayesl in Figure 16(h)), plating was
performed to the thickness of 15 [err] (as indicated by nuneral 180 in
Figure 16(i)), and termnals 190 for interconnection were formed by etching
(as 5 illustrated in Figures 16(j) and 16(k)). Enbodi nent 12 Reference is

made to Figures 17(a) @X) illustrating different f fabricating
an twel fth enbodi nent Ft(!ﬁtlﬁ resent invention. The paf:t &D&ﬁ‘l spondl ng to
t hose of the prew ous enbotBOents are denoted with Iike 10 pgqeral s. FA3Qt

of all, extrenel RZFBM A L0800 //// //‘ ppng the thi 23
attached to ﬂ?g \»::"}}/\P'f, / ulating |aye Jl. 130
havi ng the t ""'i{\(ﬂ\\\\\(\‘" 4/1 attached to __,6150
i nsul at|!’]g ‘/471 ////)"I‘l%/l’//”l/ for.thl Y /‘Zl. u 3\)’&2
123 consisted of poly uoroetnyl ene resin pregk&ds ei nf 121
home- nade gl ass cl ot D:'“é 8 ég was | anmi nated and I 22
with the extrenely t J }‘ r foil and the nor pr1

condition of 380 [e 3P of tmerature 90 mnutes of press tinme, an (30
kg/ cnerr] 3 27 Assr ¢ EDUV (tradenane, Kansai Paint KK)
consi sting JRZBS 3 D Hposition was deposilFkG. i) his outer

i nsul ating N&fe 7/;,{.}.’{3' Y,

r 20 a series of wgrk including
phot ogr aphi q 20xg soand deXsPORNENt, a desired rakeRaldern .formed.
The copper 3 P e ren paso as to defi | & C Dt ecti ve
device circ segnents 150 by etching away the S / copper
foil by spraying cher‘rFFg hing liquid primari o] stin )f/ ric
chloride sol uti gaasdd MUstratad iy Figure 17(a) g&lhefght ter 4défi ned
25 such that ay« ty O//e ostatic protegggyey ' r
segnents 150 ea 1di ng nal segnents f bN I on
were arranged along th ‘ '
F1G.1(d) FIG.1(j)
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L]
| ateral direction in an alternat

ing fashion, and this lateral row was

repeated in the |ongitudinal direction pnmsa parallel arrangenent (as

illustrated in Figure 17(b)).
condition (the conposition, 30

For the purpose of test,
tenperature and spraying pressure of the

t he etching

etching liquid, and the etching tine) was controlled so that the discharge

gaps be 100 [err],

gaps and the circuit segments so as to obtain an outer -i nsul ator

and el ectrol ess plating was perforned on the discharge

| ayer

assenbly having the discharge gaps of 30 [err] and that having the

di scharge gaps of 50 [err].
the 35 etching condition was fi
size of the gaps was neasured, t
according to the

actually measured gap size so that t
plating ti

controll ed by varyingf
controlled (as illustrgted in F

For the actual

commer ci al production process,
rst roughly selected and, after the typical
he time period for etching was determ ned

- 3 2- difference between the desired gap size and the

2& 6g§ﬁision of the gap size may be-
1G. in a range that can be easily

gure 17(c)). An inner insﬁégting | ayer 121

consi sting of polyi mfNeNTTm mar

keted 5 under the traden of Api cal

(Kanegahuchi Kagaku Ko aving the thickn 5-[err] was
prepared, and hol es 0 in dianmeter) for\\defini air gaps were
drilled in the inner N | ati ayer 121 (as illWgtrgted in Figure 17(d)).
Anot her outer insul afi | a assenbly was prepar econd 10 outer
insul ating | ayer asse C ri ses\an outer insulatN\ng | ay 123
consi sting of polytetr uo resin film an foil 1330
covering one side of th\g o insulating layer 123. The fir
i nsul ating | ayer assenbl with el ectrostatic protective \evi-d@3
circuit segnents 150, the/i imsurating \///122
ot
2
150 123
FIG.9(a) F1G.9(b) FIG.9(c)
] []

150 |
S §: 5160

g SOB: 160

S150 i 160
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| ayer assenbly provided with holes 160 for defining air gaps, and the
second 15 outer insulating |ayer assenfyyswere |ami nated and bonded under
the press condition of 280 [err] of tenperature, 30 minutes of press tineg,
and 20 kg/cnferr] of press pressure (as illustrated in Figure 17(e)). A
surface | ayer 122 consisting of a tetrafl uoroethyl ene/ethyl ene copol yner
sheet marketed under the tradenane of Aflex film (Asahi d ass KK) and
having the thickness of 6 [err] was interposed in 20 the interface between
each adjacent pair of the assenblies. Holes 170 for interconnection were

formed (as illustrated in Figure 17(f)), plating was perforned to the
t hi ckness of 15 [err] (as indicated by nuneral 180 in Figure 17(g)), and
terminals 190 for inF¢@G.Snection were forned by etching (as illustrated in

Figure 17(h)). 25 | repared according to enbodi nents
#11 and #12 were cut RE’k—ATﬁ §ﬁ Eggzlﬁggfg e%gqrpoﬁﬁ' C protective
devi ces, and the discharge a LA ess in protecting IC s

were evaluated for each of the devices. The discharge voltage |evels were
measured by applying a voltage The effectjveness in protecting IC s was
eval uated by using a cir¢uygo2m , A p RQ in Figure 4 and testing the
operation of the kS {300 -swgag&gm Y Ag¥as lygstrunents} after '
applying ten el ectTostat|c pul ses of 10 'kV (pul se fnternal: ¢ne second)
produced by ESD80g made| by Sanki Denshi Kogyo KK/(waveform || EC801-2
standard) to the ¢circuit|j The di scharge voltage s 450 to 5B0 volts for

t hose having the igigeharge gap of 30 [err] ive devicesffor each of
enbodi nents #11 a #12,1or 10 devices in all),/and 650 to 7p0 [err] for
t hose having the éscharpge gap of 50 -33 -
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[err] (five devices for each of enbodinments #11 and #12, or 10 devices in
aII). According to the conducted testg she 1C s continued to operate
satwasfactorily after the test for all of both enbodi ments #11 and #12.
Al t hough the present invention has been described in terns of preferred 5
enbodi nents thereof, it is obvious to a person skilled in the art that
various alterations and nodifications are possible w thout departing from
the scope of the present invention which is set forth in the appended
claims. 10 15 VWHAT WVE CLAIM I S: 1. A chip type electrostatic
protective device, conprising: an inner insulating |ayer provided with a
through hole for defining an air 5 gap; a pair of d?kuﬁ?f)segrrents

attached to at |east oneaﬁé;gébsai d inner insulati _ngw.‘ayer, sai dﬁd cuit

segment s defining a disc t her oeeqn ,_o’re‘l;zoa. pair

of outer insulati ;i\\\mv.c}mu‘\;&}‘d%\u&’@m each | 5‘
insulating |l a 02 A e e /g ajL g 150
.Condi t ' on, anéﬁg Lﬂétégl : . P [": V094 152”2 d
Said cireuit 18eSSSSS o vops ' hrotosole i ce
according to g‘l,_ﬁi -Wm 1 I cui A \-r%22 posed
bet ween sai d i nner SPASBNEPMRGSNEPRFSHTT an a ' A\ e
i nsulating | ayer. 3. A chip type electro | ice
according to claim2, wheEng5(b) '
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3

two axial ends of said air gap hole are substantially closed by said

respectively 20 circuit segnents. A chip type electrostatic
protective device according to claim 3 6\)ﬂere| n said air gaps are spaced
from each other by a distance ranging from 15 to 150 [err]. 25 5. A

chip type electrostatic protective device according to claim4, wherein
said air gaps are spaced fromeach other by a distance ranging from15 to

60 [err]. 6. - A chip type electrostatic protective device according to
claim5, wherein 30 said air gaps are spaced fromeach other by a distance
ranging from15 to 30 J[err] 7. A chip type electrostatic protective

devi ce according to claiml, wherein at least a part of said inner
insulating | ayer provided with said air gap h@chG@g)sts of 1@1mat eri al

selected froma fl F4G.@(aksi n, ygoeri al and a “x&‘\\\\;‘\m\\\\\\“\\\\\“\\;r 130 al .
8. A chip type stag[ AN (ple 023
wherein said part i nnér [¥ q '1
resin naterial sel /&om a §t1| Y A th'y 1ene
resin, ethylene/tetxaNNsdNoet hy R 7/ -
tetrafl uoroet hyl ene/ hexaf | uor opr opyl ene 5 cc : —123
tetrafl uoroet hyl enFA@8{b)or oal koxypr opyl ene g0
resin prepared by nodifyi sesin wth a different organic.
resin. 9.- Ac HJ §?ec|:|@§6 gyice accyﬂnm to
claim1, wherein 1 term 24 024dr qaRie cRkqr med by
a | ayer of platinmalong /mib@g@’ ae as\>\ly
including said in ' ' SN 7> y S
YR/ N/
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one of sald circuit segnents,

and said outer insulating |ayers.

15 10.

A

chip'type electrostatic protective dev%z? accordlng to claim?2, wherein two

axi al
i nsulating | ayers,
segnents. 11
claim 10, wherein 2

ends of said air gap hole are cl

ed by said respectlvely out er

and said air gap hole is passed through said circuit

0

12.

A chip type electrostatic protective device according to
said air gaps are spaced fromeach other by a
di stance ranging fromb5 to 150 [err].

A chip type electrostatic
protective device according to claim1l, wherein said air gaps are spaced

fromeach other by a distance ranging from5 to G%Eﬂ 25 A chip.
type electrostatic lve device according to J Qk ﬁstlnsﬁqg
air gaps are spacedeﬁ?%ﬁf h other by a distance 0
[err] 14. A chip *vv\x\v“eujgﬁcnw\qawmwfisOve 1283 m
1, wh d 0 : r
|nsul :'[ ?Ing Fglyerci'aL /I//;, Jﬂt?sﬁ? yel \Ufgj,y
opposi ng edges of sartCrreir T SEgnent s |L% | oc sai d D e.
15. A chip type electrostatlc protective devi c i ng 2
wherein each of sai ¢gepg gb segnents has a thick Lamgi ngf 71, 1240
[err] 35 16. A chip yp cti Hﬁ§%
claim 15, wherein _aQﬁggfro S ce
ranging from 15 to ; 120 )
ot her by o i st ancols e A oy 6. FIGT ) PPoceptiom eac
el ectrostatic protefd4eZds L 47 ori32g to clal“& , saggz%ir
gaps are spaced from each other by a di stance ran%%ggf)/ 0 b[ err]
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10 19.

associ ated one of said termnals for in

14, wherein a part of each of said circyit segnents connected to an

t hi ckness ranging from 10 to 50 pm 15 20.

A chip type electrostatic protective device according to claim

£ onnection is provided with a
A chip type electrostatic

protective device according to claim 14, wherein a part of said circuit
segnent situated inside said air gap hole is covered by a protective |ayer
having a thickness ranging from5 to 30 pm 21

protective device according to claim 14, wherein 20
essentially consists of a fluoride resin material .

el ectrostatic prot egg&&@vi ce according to cl eF

d with a |aver

circuit segnments is

S 7 o i

metal I

A chip type electrostatic

22.

according to claiﬁ‘?OifwheF?¥§g%%§¥§%%§§?n edge
R

SN A VATTANS Y, s

7

segnents situated

pl ating 30 24. A
claim 22, wherein a
coated with said pl
from5 to 150 [err]

said plating layer and situated in said -

according to claim %W/A;,

7

N

R

Vi g
C prot g1,
m di stance between parﬁ/ \
STt EretB0n S
(4 "gl- Qbect
4ég;zz;"fiid ci riey
air

said protective |ayer
A chip type

1 eref gieaghzof
“g(?rgt g _at S

sai d
at a

i nner wall surface of said air gap hole by a height ranging from5 to 100

[err].
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26. A nmethod for making a chip type electrostatic protective device 5
conprising the steps of: preparing an ig I nsul ating | ayer provided with
t hrough holes for defining air gaps; attaching a netallic |ayer to each
side of said inner insulating |ayer provided with holes; 10 form ng
a plurality of circuit segnents on each side of said insulating | ayer by

et chi ng away unnecess?r% parts of said netallkﬁ q f ,PQ I nsul ating
| ayer; | am nat il aH@{@bngr #§0%an Mg 8licf

a iJ
to each side o 7 R el ﬂ%@uit
% PRNSR

segnents; 15 123
. y G I }i\ 4//;/
term nal segnents for |nterconnection around

assenbly prepa 3
LI
by sel ectivel y FdiGH0Yai d metal lic f&jzl; %’///////{1

| ayer on an inner wall 2
ik

%

A
G/

AR
ut t| ng t Rk eisbor
m nal for -i nt&f_snnection with a cut

i nt er confd&Gi1PK)25 27. A net hod for

fi2ig

apart an asseng
i ¢ WEAAAA

el ectrostatic pges

i nterconnecti ///{///////’/5

apart half of

making a chip E eqtrostatic protective e HARHIED ol m 26,
wherein at | ea Fég-l A SRRy | nsul at Y/ @m& NNa
material selected fro ;;\;\\\‘M:,Q\} \\,/,. n mater \&// //% dg sin
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28. A chip type electrostatic protective device according to claim 27,
wheréin said part of said inner insulathgq | ayer consists of a fluoride
resin material selected froma group co igting of pol ytetrafl uoroethyl ene
resin, ethylene/tetrafl uoroethyl ene copol yner,

tetrafl uoroet hyl ene/ hexaf | uor opropyl ene 35 copol yner,

tetrafl uoroet hyl ene/ perfl uoroal koxypropyl ene copol yner, and a nodified
resin prepare Y. difying a fluoride resinFﬂt% o ff t organic
resin. 29. Fﬂ‘ﬁé‘ﬂ@@ifor maki ng a chip type 'Qﬂﬁba,a efé*n., ive

deVvi ce accor Bz 27 /5% 40 27 i e id i ;

: O s i i i
F re (r)\r/ i dgﬁdwn;[a %M%& '/91}4}7/4’{///{}%;/74}*/{
a chip type El&+¥bfPhtic protective devi ce W34 177
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chip type electrostatic protective device according to claim 31, wherein
said air gapFl&e tf@ped from each other by FIG.4tifife ranging from 15 to
60 [err] 20 33. AR N rostatic I R ding to
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34. A chip type electrostatic protective device according to claim 26,
wherein 25 said netallic layers for defining said circuit segnents
consists of netallic foil. 35. A chip type electrostatic protective

devi ce according to claim 26, mhereinTEé]% metallic layers for defining
said circuit segnents consists of gas phase or liquid phase plating. 30 36.
A chip type electrostatic protective device according to claim 26, wherein
said holes for interconnection is nade el ectroconductive by el ectrol ess

pl ati ng. 37. A method for making a chip type electrostatic protective
device 35 conprising the steps of: prepari rp|@.412 zat ed assenbly
conprising a pair of netallic |ayers - 39- |ntergg I ng an i nner
i nsulating F li&e I&—)rebetween formng a pl urallty qf70through §s for
defining air gaps in saH%1lan1nated assenbl ygFor nts by
sel ectively renoving spird nmetallic |ayers b t
circuit seg @50 undi he ' j oI es;
| am nati ng Eqb@tl ng | [ et e fdgto each
side of ank i | ati nd yerydnd sai | riCo
segnents; f A%&V ez li?#tercon F i In an Ee pr epar ed
by the 10 p[ecqg(@ stej1$$t ween said air g ol By..f qrLuNig t nal
portions forrtereconrnect around sai d hoI;K’ or;V’ lect i, by
sel ectively ptchin Salquﬁta lic foil; /1 14§/</Q /]
%%} A -z 9%
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form ng an el ectroconductive |ayer on an inner wall of said holes for

i nt erconnection; and 15 cutting apart an assenbly prepared by the
preceding step into individual chip typeglpstrostatic protective devices
by cutting through each of said holes for iInterconnection so as to define a
termnal for interconnection wwth a cut apart half of each of said holes
for interconnection. 20 38. A nethod for making a chip type

el ectrostatic protective device according to claim37, further conprising
the step of applying plating to an edge of each of said circuit segnents
exposed in a correspondi ng one of said air gap holes so as to project said
edge into said air gap hole by a prescribed height. 25 39. A net hod for
maki ng a chip type electrostatic protective device conprising the steps of:
preparing a | am nated assenbly conprising a pair of netallic |ayers

i nterposing an inner insulating |ayer therebetween; formng circuit
segnents by selectively renoving said netallic |ayers by 30 etching;

| am nati ng an kﬂanggg#zte i nsulating | ayer on each side of an assenbly
e

prepared by th g step; formng a pl |4 f through es for
defining air gaps in said iﬁﬁnated assenblgﬂt%égaﬁ%? sai d a{£1§gL hol es
assi ng t hr ougzreerzzzenl Bzrrreer a5 1 50 S, PR ondi ng an
guter ?nsul W%’W”V Qilbstg h ,’//74, A o ygof
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®

form ng through holes for interconnection in an assenbly prepared by the
precedi ng step between said air gap hol es; formng term na
portions for interconnection around said gﬂles for interconnection by
selectively etching said netallic foil; ! élng an el ectroconductive | ayer
on an inner wall of said holes for interconnection; and cutting apart an
assenbly prepared by the preceding step into individual 10 chip type

el ectrostatic protective devices by cutting through each of said holes for
i nterconnection so as to define a termnal for interconnection with a cut
apart half of_ each of said holes for spfgrconnection. 40. A net hod for
maki ng a cm[FHG¢b4éa}ctrostat|c pr at gklvg evice 15 conprising the steps
of . prepar i Ngraztittt b eizis P having a netallic layer on

each side th ZEE I igﬂhiyers havgpgrgtrnckness

rangi ng fromﬁeo-m_((b[,err] formng a pI ur ircuit segnments on said
f I r St OUt er II:'III'IIIIIIIIII‘ I(I{{JI;/IIIIIA.’IIIIIII.I" et C hl jﬁ/A// t S Of Sal d
one n"et al | | C ?lll UTIE IS OSB3 AL N OIS TA AL ETITS || | % at / iSSOC| at ed

pair of sald %’/»--;”’J’t‘. |q|2r3/|r Wit ng edges

in said air 9.41 atf pr proed With a
agﬁ% : . . | a nat% and

plurality of LA i 74
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preceding step between said air gap holes; formng termnal portions for
i nt.erconnection around said holes for interconnection by selectively

etching said netallic foil; fornm ng apmgkectroconductive |ayer on an inner
wal | of said holes for 35 interconnection; and cutting apart an assenbly
prepared by the preceding step into individual chip type electrostatic

protective devices by cutting through each of said holes for

i nterconnection so as to define a terminal for interconnection with a cut
apart half of each of said holes for interconnection. 5 41. A et hod for
making a chip type electrostatic pr @ Egi{5 evi ce according to claim40,
wherein said netallic layers having a thlcga Ss rig ing from3 to 10 [err]
and formed on said first outer insulat'pu’l er A grepared by the steps
of; laminating a conposite metallic |aydr inclufling a first copper |ayer 10
having a thickness ranging from110 to »Q pm an internedi ate | ayer nade of
ni ckel or an alloy thereof having a thickness less than 1 pm and a second
copper layer having a thickness ranging from3 to 10 [err] to said first
outer insulating layer, with said sqet@di5{b)er | ayer facing said first
outer insulating layer; renmoving said firsyggopper layer; and 15

renmoving said internediate | a } } : d copper |ayer is exposed.
42. A nmethod for making a chip type ctrostatic protective device
according to claim4l, wherein said fi copper layer is left unrenoved in
parts 20 adj oining points o J id through holes for

i nt erconnecti on.
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43. A.nethod for making a

chip type electrostatic protective device

according to claim40, further conprising the step of applying a controlled

anount of protective plating

| am nating and 25 bondi ng step. 44.
el ectrostatic protective device conprising the steps of:

to said ci %t segnents before said
met hod for nmaking a chip type

preparing a pair

g

of circuit segnent assenblies each of which conprises 30 an outer
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10 i*nterconnection; and cutting apart an assenbly prepared by the
preceding step into individual chip type electrostatic protective devices

by cutting through each of said holes folrs/ilglterconnection so as to define a
i nterconnection with a cut apart half of each of said holes

termnal for

for interconnection. 15 45. A nmethod for making a chip type

el ectrostatic protective device conprising the steps of: preparing a pair
i nsul ating

of circuit segnent assenblies each of which conprises an outer
| ayer, a netallic |ayer covering one side of said outer 20 insulating

| ayer; formng a plurality of circuit segnents on said one side of said
outer .insulating |l ayer by etching away unnecessary parts of said netallic
| ayer; preparing an inner insulating layer; |aminating and bonding said

i nner insulating |ayer between said circuit 25 segnent |ayers with said
circuit Segng cuit segnent assenbly facing said inner

aid i
I nsulating |La r?gf@m(n@f$irough hol es for defG

ay nﬂr@fir gaps i n :
assenbly pr €pareg B e PR b, each sabd air ag’hﬂ(@s passi ng
7 / P’ ’ 5% Y
through' one(F 275757 130 o of
; Y e / 77 W//Zé
i nt erconnec / Gty %is h of Yoy 2524 an er
. . : ; q . el .
I nsul ating Ir_jﬁr.”,fﬁg] a netallic foil Tayer ri pgSeREcSile aid outer
i nsul ati ng 1o i nati ng and bondi ng an § % % ;. 53 d i nner
insul ating | ayer and saig~Cir¢uit segnment | afey Y
I nt er connecl i t | pat™ 58S 35 with yers of
said intercpn tﬁgl'@? al afignbl I es .é// er;
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Lo : : : 9o U4 3p00
form ng through holes for interconnection in an assenbly prepared by the
precedi ng step between said air gap holes; formng term nal portions for
i nt erconnection around said hol es far4iqt.erconnecti on by sel ectively
etching said second netallic foil |ayers; 5 form ng an

el ectroconductive layer on an inner wall of said holes for interconnection;

and cutting apart an aﬁfmqsmm@d’mmﬁmmﬁ step into :
cach of eai d hol co. HND! HOEPHOR HOR BRI AT R SR i nt for o
I nterconnection with a cut apart half 10 of each of said holes for
| nterconnect i 0Prgvided is an electrostatic protective device which is highly effective in
protecting relatively vulnerable devices such as IC's and LSI's from electrostatic
damages, and a method for fabricating an electrostatic protective device which
" can simplify the structure as compared with the conventional devices sealed in a
glass container, and can reduce the size and cost of the device. The chip type
electrostatic protective device comprises an inner insulating layer made of
organic resin material and provided with a plurality of holes for defining air gaps,
a pair of outer insulating layers placed on both sides of the inner insulating layer,
and circuit segments defining a discharge gap in each of the air gaps. Holes for
interconnection are formed in the laminated assembly, and the interior of each of
the holes is turned electroconductive. The assembly is then cut apart into
individual chip type electrostatic protective devices by cutting through each of
the holes for interconnection so as to define terminals for interconnection.
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ELECTROSTATIC PROTECTIVE DEVICE
* AND METHOD FOR FABRICATING THE SAME

Provided is an electrostatic protective device which is highly effective in
protecting relatively vulnerable devices such as IC's and LSI's from electrostatic
damages, and a method for fabricating an electrostatic protective device which
can simplify the structure as compared with the conventional devices sealed in a
glass container, and can reduce the size and cost of the device. The chip type
electrostatic protéctive device comprises an inner insulating layer made of
organic resin material and provided with a plurality of holes for defining air gaps,
a pair of outer insulating layers placed on both sides of the inner insulating layer,
and circuit segments defining a discharge gap in each of the air gaps. Holes for
interconnection are formed in the laminated assembly, and the interior of each of
the holes is turned electroconductive. The assembly is then cut apart into
individual chip type electrostatic protective devices by cutting through each of
the holes for interconnection so as to define terminals for interconnection.

Figure 1(k)
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