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(57) Abrége/Abstract:

The present invention provides an electronic apparatus provided with an electronic circuit substrate that is inexpensive, in which
packaging density I1s high and which has good heat dissipating characteristics, and which comprises: an electronic circuit
substrate comprising a resin wiring substrate formed with a wiring pattern and a grounding pattern at an internal layer thereof, a
plurality of through holes provided directly below a mounting portion of a heat generating component and connected with the
grounding pattern, and a case for protectively housing the electronic circuit substrate provided with a heat dissipating protruding
surface portion contacting an area where the through holes of the rear surface of the electronic circuit substrate are disposed,
and being formed so as to ensure space between the case and the rear surface of the electronic circuit substrate to enable
mounting of low heat generating electrical/electronic components.

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02334524 2001-02-08

ABSTRACT OF THE DISCLOSURE

The present invention provides an electronic apparatus provided
with an electronic circuit substrate that is inexpensive, in which packaging
density is high and which has good heat dissipating characteristics, and
which comprises: an electronic circuit substrate comprising a resin wiring
substrate formed with a wiring pattern and a grounding pattern at an
internal layer thereof, a plurality of through holes provided directly below a
mounting portion of a heat generating component and connected with the
grounding pattern, and a case for protectively housing the electronic circuit
substrate provided with a heat dissipating protruding surface portion
contacting an area where the through holes of the rear surface of the
electronic circuit substrate are disposed, and being formed so as to ensure
space between the case and the rear surface of the electronic circuit substrate

to enable mounting of low heat generating electrical/electronic components.
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DESCRIPTION

ELECTRONIC APPARATUS PROVIDED WITH AN ELECTRONIC
CIRCUIT SUBSTRATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an electronic apparatus
provided with an electronic circuit substrate, and in particular to a small
electronic apparatus provided with an small electronic circuit substrate on
which a heat generating component is mounted. Moreover, as an example
of such a electronic apparatus provided with a small electronic circuit
substrate an optical transceiver, which converts optical signals to electrical
signals and transmits data, and the like may be given.
2. Description of the Related Art

[0002] In recent years, with miniaturization of electronic
components and developments in high density integration technology, the
size of optical transceivers, which are representative of electronic
apparatuses provided with an electronic circuit substrate, has been
decreasing at a rapid pace, and increases in the density of generated heat
accompanying this reduction in size of electronic apparatuses provided with
an electronic circuit substrate is beginning to be viewed as a problem.
Furthermore, since electronic components are highly integrated, there is a
tendency for the heat distribution inside electronic apparatuses provided
with an electronic circuit substrate to concentrate in certain locations, and it
1s expected that this trend will strengthen further in the future. In
consideration of the fact that size reductions in such electronic apparatuses
provided with an electronic circuit substrate will lead to further increases in
the density of generated heat and further concentration of the heat

distribution, there is a need for development of an electronic apparatus
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provided with an electronic circuit substrate with improved heat dissipating
characteristics.

[0003] When heat dissipation is carried out in an electronic
apparatus provided with an electronic circuit substrate in which the density
of generated heat increases and there is a concentration of the heat
distribution, such as above, a ceramic substrate having good thermal
conductivity and electrical characteristics has generally been employed as
the substrate material, and the substrate is mounted by coating an adhesive
and the like on the entire rear surface thereof and contacting to a case.

[0004] A construction of such a conventional electronic apparatus
provided with an electronic circuit substrate is shown, for example, in FIG. 5.

In FIG. 5, a heat generating component 1 is a heat producing
electronic component such as a power transistor, an electronic circuit
substrate 2 constructed from a ceramic substrate mounts this heat
generating component 1 on a surface thereof and a case 3 houses and
protects the electronic circuit substrate 2, the case 3 being open at the upper
side thereof so that the electronic circuit substrate 2 may be removed. An
adhesive 4 fixes the electronic circuit substrate to the case 3 and a cover 5
covers the aforementioned opening.

[0005] In a conventional electronic apparatus provided with an
electronic circuit substrate constructed as above, heat generated by the heat
generating component 1 1s diffused in the entire electronic circuit substrate 2
comprising a ceramic substrate with good thermal conductivity and the
diffused heat i1s transferred to the case 3 via the adhesive 4. The case 3
functions as a radiator to dissipate the heat transferred thereto to the
outside.

In this case, by using a ceramic substrate with good thermal
conductivity as the electronic circuit substrate 2, the heat generated by the
heat generating component is diffused through the entire substrate and

since the diffused heat 1s transferred from the entire rear surface of
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electronic circuit substrate 2 contacting the case 3 to the case 3 which
combines the effect of a radiator, heat is efficiently dissipated.

[0006] Nevertheless, in the electronic apparatus provided with an
electronic circuit substrate constructed as above, a ceramic substrate is
employed as the material of the electronic circuit substrate 2, and since the
entire rear surface of the electronic circuit substrate 2 must be mounted so as
to contact the case 3, there is a problem in that packaging density is reduced.
Namely, when mounting a heat generating component 1 in an electronic
apparatus provided with a small electronic circuit substrate, as stated above,
ceramic material having good thermal conductivity is generally employed
because it is necessary to dissipate heat and the electronic circuit substrate 2
1s provided such that the entire rear surface thereof contacts with the case 3.
Thus, electrical/electronic components are not normally mounted to the rear
surface of the electronic circuit substrate 2. Moreover, assuming that
' packaging density is regarded as being important so that electrical/electronic
components are also mounted on the rear surface of the electronic circuit
substrate 2, since the electronic circuit substrate 2 is installed so as to be
floating from the case 3, it is conceivable that, as ceramic does not have
sufficient strength to withstand operating environment, such vibrations,
shocks, etc. cracks and the like will develop in the ceramic substrate. Thus,
conventionally, mounting of electrical/electronic components has been
Iimited to one side of the electronic circuit substrate 2 and there has been a
problem in that component packaging density has been reduced by half.

Moreover, there is also a problem in that the cost of the product

Increases because expensive ceramic must be used as the material of the

electronic circuit substrate 2.

SUMMARY OF THE INVENTION
[0007] The present invention aims to solve the above problems with

the conventional art and the object of the present invention is to provide an
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electronic apparatus provided with an electronic circuit substrate which is
inexpensive, with high packaging density and superior heat dissipating
characteristics and reliability.

[0008] In order to achieve the above objects, according to one aspect
of the present invention there is provided an electronic apparatus provided
with an electronic circuit substrate comprising:

an electronic circuit substrate comprising a resin wiring substrate
formed with a wiring pattern and a grounding pattern in an internal layer
thereof, a plurality of through holes provided directly below a portion where
a heat generating component is mounted and connected with the grounding
pattern, and

a case for protectively housing the electronic circuit substrate
provided with a heat dissipating protruding surface portion contacting an
area where the through holes of a rear surface of the electronic circuit
substrate are disposed, and being formed so as to ensure a space between the
case and the rear surface of the electronic circuit substrate for enabling
mounting of low heat generating electrical/electronic components.

[0009] According to another aspect of the present invention there is
provided an electronic apparatus provided with an electronic circuit
substrate comprising:

an electronic circuit substrate comprising a resin wiring substrate
formed with a wiring pattern and a grounding pattern in an internal layer
thereof, a plurality of through holes provided directly below a portion where
a heat generating component is mounted and which are not connected to the
grounding pattern, and opposing insulating grooves formed in a front and
rear surface of the electronic circuit substrate so as to surround the heat
generating component, and

a case for protectively housing the electronic circuit substrate
provided with a heat dissipating protruding surface portion contacting an

area where the through holes of the rear surface of the electronic circuit
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substrate are disposed, and being formed so as to ensure a space between the
case and the rear surface of the electronic circuit substrate for enabling
mounting of low heat generating electrical/electronic components.

[0010] According to the present invention there is provided an
electronic apparatus provided with an electronic circuit substrate wherein:

a filler of a material with high thermal conductivity is filled in the
plurality of through holes, and a heat dissipating grease intervenes at a
contact portion between an area where the through holes of the electronic
circuit substrate rear surface are disposed and the heat dissipating
protruding surface portion of the case.

[0011] Moreover, in the present invention the heat generating
component is an electrical/electronic component which generates a large
amount of heat, such as a power transistor and the like, and the low heat
generating electrical/electronic components are electrical/electronic
components in which the amount of generated heat is smaller than in the

heat generating component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 1s a schematic structural diagram of an electronic
apparatus provided with an electronic circuit substrate according to
Embodiment 1 of the present invention.

F1G. 2 1s a schematic structural diagram of an electronic apparatus
provided with an electronic circuit substrate according to Embodiment 2 of
the present mvention.

FIG. 3 1s a schematic structural diagram of an electronic apparatus
provided with an electronic circuit substrate according to Embodiment 3 of
the present invention.

FIG. 4 1s a plan view of the electronic circuit substrate described in

F1G. 3.

FIG. 5 is a schematic structural diagram showing an example of a
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conventional electronic apparatus provided with an electronic circuit

substrate.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiment 1

[0013] Embodiment 1 of the present invention will be described with
reference to FIG. 1. FIG. 1 1s schematic structural diagram of an electronic
apparatus provided with an electronic circuit substrate and portions similar
to those in the conventional example will be denoted by similar reference
numerals and the repeat description thereof will be omitted.

[0014] In FIG. 1, an electronic circuit substrate 6 comprises a resin
wiring substrate with a wiring pattern 7 and a grounding pattern 8 formed
in internal layers of the electronic circuit substrate 6. A plurality of
through holes 9 are provided directly below a portion where a heat
generating component 1 is mounted and are connected with the grounding
pattern 8 in the electronic circuit substrate 6 by passing through the
grounding pattern 8. A heat dissipating protruding surface portion 10 is
formed as a portion of a case 3 by protruding one portion therefrom. The
electronic circuit substrate 6 is disposed such that positions of the through
holes 9 at a rear surface thereof contact a top of the heat dissipating
protruding surface portion 10. A space 11 is formed between the rear
surface of the electronic circuit substrate 6 and a surface of the case 3
surrounding the heat dissipating protruding surface portion 10. Moreover,
this space 11 is set to a fixed size that enables low heat generating
electrical/electronic components to be mounted to the rear surface of the
electronic circuit substrate 6.

[0015] Thus, in Embodiment 1 of the present invention, heat
generated by the heat generating component 1 is transferred to the entire
case 3 via the heat dissipating protruding surface portion 10, which i1s in

contact with the through holes 9, by way of the through holes 9 provided
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directly underneath the mounting portion of the heat generating component
1, and 1s dissipated to the outside from the case 3 which has the combined
effect of a radiator. Also, by connecting the through holes 9 with the
erounding pattern 8 formed in an internal layer of the electronic circuit
substrate 6, 1t 1s possible to diffuse the heat generated by the heat generating
component 1 i1n the electronic circuit substrate 6.

[0016] Furthermore, since heat dissipation may be performed in the
heat generating component 1 by contacting only one portion of the rear
surface of the electronic circuit substrate 6 with the case 3, low heat
generating electrical/electronic components may also be mounted to the rear
surface of the electronic circuit substrate 6 and it 1s possible to increase the
conventional component packaging density by approximately twofold. Also,
1t is possible to obtain heat dissipating effects equal to or better than
conventional examples by employing a circuit board made of resin such as an
inexpensive glass epoxy and the like as the electronic circuit substrate 6
instead of an expensive ceramic substrate.

[0017] Hence, according to Embodiment 1 of the present invention,
1t 1s possible to realize a electronic apparatus provided with an electronic
circuit substrate that is inexpensive, in which packaging density is high and

which has good heat dissipating characteristics.

Embodiment 2

[0018] Next, Embodiment 2 of the present invention will be
described with reference to FIG. 2. FIG. 2 1s schematic structural diagram
of an electronic apparatus provided with an electronic circuit substrate
according to Embodiment 2 of the present invention which is further
improved over Embodiment 1 of the present invention. Moreover, portions
similar to those in Embodiment 1 will be denoted by similar reference

numerals and the repeat description thereof will be omitted.

[0019] In FIG. 2, a filler 12 of a material with high thermal
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conductivity, such as copper and the like, is filled in the through holes 9. A
heat dissipating grease 13 composed of a material with high thermal
conductivity is applied to a contact surface between an area where the
through holes 9 of the rear surface of the electronic circuit substrate 6 are
disposed and the heat dissipating protruding surface portion 10 of the case 3.
Moreover, all other constructions are the same as 1n Embodiment 1.

[0020] In the electronic apparatus provided with an electronic
circuit substrate constructed as described above, 1t is possible to transfer a
large amount of heat generated from the heat generating component 1 to the
case 3 by means of the filler 12 filled in the through holes 9 and the heat
dissipating grease 13 which intervenes at the contact portion between the
area where the through holes 9 of the rear surface of the electronic circuit
substrate 6 are disposed and the heat dissipating protruding surface portion

10.

[0021] Thus, Embodiment 2 of the present invention not only
provides the same effects as 1n the above Embodiment 1, but it is also
possible to realize an electronic apparatus provided with an electronic circuit

substrate with even further improved heat dissipating characteristics.

Embodiment 3
[0022] Next, Embodiment 3 of the present invention will be

described with reference to FIGS. 3 and 4. FIG. 3 is schematic structural
diagram of an electronic apparatus provided with. an electronic circuit
substrate according to Embodiment 3 of the present invention which is
further improved over Embodiment 2 of the present invention and FIG. 41s a
partial plan view of the electronic circuit substrate according to Embodiment
3 of the present invention. Moreover, portions similar to those 1in
Embodiment 2 will be denoted by similar reference numerals and the repeat

description thereof will be omitted.

[0023] The above mentioned improvements will now be explained.
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In the above mentioned Embodiment 2, as in the conventional example and
Embodiment 1, since the entire electronic circuit substrate 6 1s warmed by
heat generated from the heat generating component 1 being diffused therein,
there is a concern that heat stress will be given to other electronic
components mounted on the electronic circuit substrate 6. This concern is
particularly great when electronic components which are sensitive to
temperature change are mounted in the vicinity of heat generating
components. Embodiment 3 further overcomes the deficiencies of this sort
in Embodiment 2.

[0024] In FIGS. 3 and 4, an insulating groove 14 comprising a
concave groove of a V-shaped cross-section 1s formed in a front surface of the
electronic circuit substrate 6 in an approximately square-shape so as to
surround the vicinity of the heat generating component which constitutes an
approximately square, planar shape. Moreover, an insulating groove 15
comprising a concave groove of a V-shaped cross-section similar to the
isulating groove 14 is formed in the rear surface of the electronic circuit
substrate 6 as well, and is formed 1n an approximately square-shape at a
location opposite that of the insulating groove 14.

The grounding pattern 8 1s removed in an area where the through
holes 9 are disposed so as to not be connected with the through holes 9.
Moreover, all other constructions are as in Embodiment 2.

[0025] In an electronic apparatus provided with an electronic circuit
substrate of the above construction, the through holes 9 are not connected
with the grounding pattern 8 and by further providing insulating grooves 14
and 15 in the front and rear surfaces of the electronic circuit substrate 6 at
locations opposing each other, respectively, the heat generated from the heat
generating component 1 is transferred to the case 3 via the through holes 9
without being transferred to the grounding pattern 8. Moreover, since the
heat transferred by the resin substrate is also blocked by the insulating

egroove 14 surrounding the heat generating component 1 and the insulating
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groove 15 of the substrate rear surface, 1t is possible to reduce the heat stress
given from the heat generating component 1 to electronic components in the
vicinity of the heat generating component 1 while positively performing heat
dissipation in the heat generating component 1 via the through holes 9 and
the case 3.

Thus, Embodiment 3 of the present invention not only provides the
same effects as in the above Embodiment 2, but since the constraints when
mounting electronic/electrical components in the wvicinity of the heat
generating component 1 are further relaxed, i1t 1s also possible to realize the
electronic apparatus provided with an electronic circuit substrate which is
small in size and inexpensive.

[0026] Next, a variant of the above mentioned Embodiment 3 will be
described. Although the above mentioned Embodiment 3 is described as an
improvement on Embodiment 2, as in Embodiment 1, the present mode of
Embodiment 3 may be constructed without the filler 12 filled in the through
holes 9 and the heat dissipating grease 13 which intervenes at the contact
portion between the area where the through holes 9 of the rear surface of the
electronic circuit substrate 6 are disposed and the heat dissipating
protruding surface portion 10.

However, in this case, although the structure may be simplified by
not applying the filler 12 and the heat dissipating grease 13, a small
reduction in the heat dissipating characteristics can not be avoided.

[0027] According to one aspect of the present invention an electronic
apparatus provided with an electronic circuit substrate comprises:

an electronic circuit substrate comprising a resin wiring substrate
formed with a wiring pattern and a grounding pattern in an internal layer
thereot, a plurality of through holes provided directly below a mounting
portion where a heat generating component 1s mounted and connected with
the grounding pattern, and

a case for protectively housing the electronic circuit substrate

10
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provided with a heat dissipating protruding surface portion contacting an
area where the through holes of a rear surface of the electronic circuit
substrate are disposed, and being formed so as to ensure a space between the
case and the rear surface of the electronic circuit substrate for enabling
mounting of low heat generating electrical/electronic components. Thus,
heat dissipation may be performed in the heat generating component by
contacting only one portion of the rear surface of the electronic circuit
substrate with the case, low heat generating electrical/electronic components
may also be mounted to the rear surface of the electronic circuit substrate
and it is possible to increase the conventional component packaging density

by approximately twofold.
Also, it is possible to obtain heat dissipating effects equal to or better

than conventional examples by employing a wiring substrate made of resin,
such as an inexpensive glass epoxy and the like, as the electronic circuit
substrate instead of an expensive ceramic substrate.

Hence, according to this aspect of the present invention, it is possible
to realize the electronic apparatus provided with an electronic circuit
substrate that is inexpensive, in which packaging density is high and which

has good heat dissipating characteristics.

[0028] According to another aspect of the present invention an
electronic apparatus provided with an electronic circuit substrate comprises:

an electronic circuit substrate comprising a resin wiring substrate
formed with a wiring pattern and a grounding pattern in an internal layer
thereof, a plurality of through holes provided directly below a portion where
the heat generating component is mounted and which are not connected to
the grounding pattern, and opposing insulating grooves formed in a front
and rear surface of the electronic circuit substrate so as to surround the heat
generating component, and

a case for protectively housing the electronic circuit substrate

provided with a heat dissipating protruding surface portion contacting an

i1
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area where the through holes of a rear surface of the electronic circuit
substrate are disposed, and being formed so as to ensure a space between the
case and the rear surface of the electronic circuit substrate for enabling
mounting of low heat generating electrical/electronic components. Thus, as
in the above embodiment, heat dissipation may be performed in the heat
generating component by contacting only one portion of the rear surface of
the electronic circuit substrate with the case, low heat generating
electrical/electronic components may also be mounted to the rear surface of
the electronic circuit substrate and it is possible to increase the conventional
component packaging density by approximately twofold. Moreover, heat
generated from the heat generating component does not spread in the entire
wiring substrate via the grounding pattern and the heat transferred by the
resin substrate is also blocked by the insulating groove surrounding the heat
generating component and the insulating groove of the substrate rear
surface. Consequently, it is possible to reduce the heat stress given from
the heat generating component to electrical/electronic components in the
vicinity of the heat generating component while positively performing heat
dissipation in the heat generating component, and electronic components
which are sensitive to temperature change may also be mounted in the
vicinity of the heat generating component.

Hence, according to this aspect of the present invention, it is possible
to realize the electronic apparatus provided with an electronic circuit
substrate that is inexpensive and smaller in size.

[0029] Accordjng to the present invention there is provided an
electronic apparatus provided with an electronic circuit substrate wherein:

a filler of a material with high thermal conductivity is filled in the
plurality of through holes, and a heat dissipating grease intervenes at a
contact portion between an area where the through holes of the electronic
circuit substrate rear surface are disposed and the heat dissipating

protruding surface portion of the case. Thus not only are the effects in the

12
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above aspects obtained, but it is also possible transfer a large amount of heat
generated by the heat generating component to the case.

Hence, according to this aspect of the present invention, it is possible
to realize an electronic apparatus provided with an electronic circuit

substrate with further improved heat dissipating characteristics

13
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CLAIMS

WHAT IS CLAIMED IS:

1. An electronic apparatus provided with an electronic circuit substrate
comprising:

an electronic circuit substrate mounting a heat generating
component, a case for protectively housing said electronic circuit substrate
and provided with an opening for housing said electronic circuit substrate,
and a cover for blocking said opening of said case wherein,

said electronic circuit substrate comprises a resin wiring substrate
formed with a wiring pattern and a grounding pattern in an internal layer
thereof, and a plurality of through holes formed directly below a portion
where said heat generating cdmponent 1s mounted and connected with said
grounding pattern, and

said case comprises a heat dissipating protruding surface portion
contacting an area where said through holes of a rear surface of said
electronic circuit substrate are disposed, and is formed so as to ensure a
space between portions of said case other than said protruding surface
portion and said rear surface of said electronic circuit substrate for enabling
mounting of low heat generating electrical/electronic components to said rear

surface of said electronic circuit substrate.

2. An electronic apparatus provided with an electronic circuit substrate
comprising:

an electronic circuit substrate mounting a heat generating
component, a case for protectively housing said electronic circuit substrate
and provided with an opening for housing said electronic circuit substrate,
and a cover for blocking said opening of said case wherein,

said electronic circuit substrate comprises a resin wiring substrate

14
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formed with a wiring pattern and a grounding pattern in an internal layer
thereof, a plurality of through holes formed directly below a portion where
said heat generating component is mounted and which are not connected to
said grounding pattern, an insulating groove comprising a concave groove
formed in a front surface of said substrate mounting said heat generating
-component so as to surround said heat generating component, and an
insulating grooVe also comprising a concave groove being formed in a rear
surface of said substrate at a location opposite that of said groove in said

substrate front surface,

said case comprising a heat dissipating protruding surface portion
contacting an area where said through holes of said rear surface of said
electronic circuit substrate are disposed, and formed so as to ensure a space
between portions of said case other than said protruding surface portion and
said rear surface of said electronic circuit substrate for enabling mounting of
low heat generating electrical/electronic components to said rear surface of

said electronic circuit substrate.

3. An electronic apparatus provided with an electronic circuit

substrate according to Claim 1 wherein:

a filler of a material with high thermal conductivity is filled in said
plurality of through holes, and a heat dissipating grease intervenes at a
contact portion between an area where said through holes of said electronic
circuit substrate rear surface are disposed and said heat dissipating

protruding surface portion of said case.

4. An electronic apparatus provided with an electronic circuit

substrate according to Claim 2 wherein:
a filler of a material with high thermal conductivity is filled in said
plurality of through holes, and a heat dissipating grease intervenes at a

contact portion between an area where said through holes of said electronic

15
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circuit substrate rear surface are disposed and said heat dissipating

protruding surface portion of said case.

16
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