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1. . Field of the Invention

The invent1:on relates to a semiconductbr device with
external and internal heat radiators and a method of making
such a semiconductor device.

2. Description of Related Art
In recent years, semiconductor chips show a tendency to

have high integration and power dissipation and thus increase

the heating value. Packages for such semiconductor chips are

usually made of ceramics which are highly heat-resistant.
However, ceramic packagés have some drawbacks. For example,
such packages make semiconductor devices too large, complicate
the production processes and.increase the manufacturing cost.
Thus, to resolve the above drawbacks .of ceramic packagés;
resin sealing type packages have been proposed.

To provide high heat radiating properties in the resin
sealing type semiconductor devices, materials increasing the
thermal conductivity of a lead frame or sealing résin have
been ‘under consideration. In terms of structure, modifying
the design of a lead frame and providing an additional heat
radiating member are also under consideration. Furthermore,
it is now considered that the addition of a heat radiating
member for improving the heat radiating properties of the
package is extremely effective for Large Scale Integrated
circuits in which their power consumption is substantially
equal to two'to three Watts per chip.

For example, JP 2-307251 discioses a technique 1in
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relation to the above techniques. As shown in Fig. 13, the
semiconductor device comprises a semiconductor chip 3 which is
electrically connected to internal leads 2 through wires 4,
and a resin member 1 which seals the chip 3, wires 4 and
internal leads 2. An opening is partially formed in the resin

member 1. The opening leads to one side of the semiconductor

_chip 3 and is filled with highly thermally conductive adhesive

5. The heat radiating fin 6 is formed on the surface of the
adhesive 5.

The above semiconductor device increases heat radiating
properties since the heat radiating fin 6 is mounted on the
high heat conductive silicone resin adhesive §. However, the
heat radiating fin 6 is separated from the semiconductor chip
3 by the resin material and the adhesive 5. Therefore,. the

prior art semiconductor device has slightly inferior heat

“conductivity, and weak bonding of the metallic heat radiating

fin 6 to the resin adhesive 5 because they are made of

- different materials.

SUMMARY OF THE INVENTION

An object of the invention is to provide a resin sealing

type semiconductor device which has increased heat radiating

properties, and which can be adopted to any high-power
semiconductor devices, and also to provide a method of making
such a semiconductor device. Thus, the invention provides a
resin sealing type semiconductor device comprising a
semiconductor element mounted on an internal heat radiator.
A resin package seals the internal heat radiator and defines
a portion of the internal heat radiator as an exposed area.

A solder layer is disposed on the exposed area of the internal

I'Ssjfpation
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solder layer at a bonding area and mounted on the internal

heat radiator. The exposed and bonding areas are formed so
that the bonding area is aftracted toward the central part of

5 the exposed area by the surface tension formed by the solder
layer when the solder layer is in a molten state.

In such an arrangement, the semiconductor element and
internal heat radiator which are main heat producing sources
are bonded together either directly or having element receiv-

10 ~ers such as lead frame islands therebetween. In addition, the
*internal and external heat radiators are bonded together
sandwiching the solider 1layer 1in between. Therefore, the
arrangement can provide higher heat radiating effects. For
example, both the internal and external heat radiators may be

15 made of metal. Thus, all the heat radiating members bonded to
each other through the solder can provide high heat conductiv-
ity. ' | |

The exposed area of the internal heat radiator and the
bonding area of the external heat radiator are configured in

20 the aforementioned manner. The external heat radiator can be
automatically positioned through the surface tension of the

. molten solder formed while bonding the external and internal
heat radiators. This ensures accurate and simple assembly of
the semiconductor device. _

25 The molten solder adheres to the exposed and bonding
areas under the molten solder’s surface tension (adhesion
between 1iquid and solid). The portions of the exposed and
bonding areas to which the molten solder adheres are then

attracted to each other under the surface tension (cohesive
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power consunption is substantially equal to two to three vatts

force of liquid), so that the external heat radiator moves on
the surface of the molten solder layer. The external heat
radiator stops at a point where the surface tension substan-
tially uniformly acts on all the outer edges of the bonding
area. Thus, the external heat radiator can be automatically
positioned. ’

The invention also provides a resin sealing type
semiconductor device comprising a semiconductor eiement having
electrodes, an internal heat radiator having an element
placing surface for mounting the semiconductor element, and
leads separated from the semiconductor element. Wires
electrically connect the 1leads with the electrodes. An
insulator is located between the internal heat radiator and
the leads. A reéin package seals the internal heat radiator
and defines a portion of the internal heat radiator as an
exposed area. A solder layer is disposed on the exposed area
of the internal heat radiator. An external heat radiator is
bonded to the solder layer at a bonding area and mounted on
the internal heat radiator. The exposed and bonding areas are
formed so that the bonding area is attracted toward the
central part of the exposed area by the surface tension formed
from meiting the solder layer.

In addition to the aforementioned configuration of the
exposed and bonding areas, such an arrangement can improve the
heat radiating effects because the semiconductor element is
bonded directly to the 1nterna1 heat radiator.

The invention further provides a resin sealing type
semiconductor device comprising a semiconductor element

mounted on an internal heat radiator. A resin package seals
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the internal heat radiator and defines a portion of the
internal heat radiator as an exposed area. A solder layer is
disposed on the exposed area of the internal heat radiator.
An external heat radiator is bonded to the solder layer at a
bonding-area and mounted on the internal heat radiator. The
exposed area is equal to or larger than the bonding area.

When the exposed area is equal to or larger than the
bonding area, it is possible to utilize the surface tension of
the molten solder formed by the bonding of external and
internal heat radiators so that the external heat radiator can
be automatically positioned.

The invention further provides a resin sealing type
semiconductor device comprising a semiconductor element having
electrodes, an internal heat radiator having an element
placing surface for mounting the semiconductor element, and
leads separated from the semiconductor element. Wires
electrically connect ‘the leads with the electrodes. An
insulator is located between the internal heat radiator and
the leads. A resin package.seals the internal heat radiator
and defines a bortion of the internal heat radiator as an
exposed area. A solder layer is disposed on the exposed area
of the internal heat radiator. An external heat radiator is
bonded to the solder layer at a bonding area and mounted on
the internal heat radiator. The exposed area is equal to or
larger than tﬁe_bonding area.

It is preferred to improve the heat radiating effect by
bonding the semiconductor element directly to the internal
heat radiator.

It is desirable that the solder layer forms a fillet by
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adhesive 5. the surface tension when melted and the exposed area is larger
than the bonding area by the area of the fillet projected onto
the exposed area. |
The fillet is formed by the surface tension of the molten
5 solder. More particularly, the fillet is formed by the
adhering force of the molten solder to the exposed and bonding
areas and the cohesive force of the molten solder.
The exposed and bonding areas are provided in the above
manner. Thus, it is possible to position and reprdduce the
10 external heat radiator reliably, when it is bonded to the
internal heat radiator.
It is also desirable that the configuration of the
exposed area is similar to that of the bonding area.
Thus, it 1is possible to position the external heat
15 radiator accurately. The bonding area is disposed'on the
center of the exposed area because the surface tension of the
molten solder acting on the center of the exposed area is
balanced at all the edges of the bonding area.
It is preferable that the resin sealing type semiconduc-
20 tor device of the invention further comprises an element
receiver. The element receiver is mounted on the internal
heat radiator and has an element placing surface. The element
placing surface is mounted on the semiconductor element for
indirectly fixing the semiconductor element to the internal
25 heat radiator.
The resin sealing type semiconductor device of the
invention is provided by a method comprising:
mounting a lTead frame including leads on an internal heat

radiator through an insulator, mounting a semiconductor
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connecting the leads to the electrodes of the semiconductor

element with wires;
molding a resin package for sealing the internal heat
5 radiator and defining a portion of the internal heat radiafor
as an exposed area; '
bonding thé exposed area of the internal heat radiator to
a bonding area of an external heat radiator through a solder
layer; and

10 heating and melting the soider layer so that the bonding
area is attracted toward the central part of the exposed area
by the surface tension built from the melted solder layer.

Furthermore, the resin sealing type semiconductor device
of the invention is provided by a method comprising:

15 mounting a lead frame including leads on an internal heat
radiator thrbugh an insulator, mounting a semiconductor
element on the internal heat radiator and electrically
connecting the leads to the electrodes of the semiconductor
element through wires;

20 molding a resin package for sealing the internal heat
radiator and defining a portion of the internal heat radiator
as an exposed area;

bonding the exposed area of the intefna] heat radiator to
a bonding area of an external heat radiator through a solder

25 ° layer; the exposed area being equal to or larger than the

bonding area; and |
heating and melting the solder layer so that the bonding
area is attracted toward the central part of the exposed aréa

by the surface tension built from the melted solder layer.
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As described, these methods of the invention can easily

and reliably assemble the internal and external heat radiators

since the external heat radiator is automatically positioned

on the exposed area, by the molten solder bonding the internal
5 and external heat radiators.

The solder layer may be formed on at least one of the
exposed and bonding areas of the internal and external heat
radiators. It is however preferable that the solder layer is
formed on each of the exposed and bonding areas. When the

10 solder layers are formed on both areas, it is possible to
solder fhe areas smoothly and obtain a desirable bonding.
When the solder layer is formed on one of the exposed and
bonding areas, it is desirable to form the solder layer on the
exposed area which is larger than the bonding area. In such

15 a case, the external heat radiator can be more easily
positioned through the surface tension of the moiten solder.
When the amount of solder is sufficient, stable bonding is
provided.

In the above methods of the invention, it is desirable

20 that the solder layer is heated after heating the external
heat radiator to a temperature of about 180 to 250°C, and more
preferably about 180 to 200°C and heating the resin package
preferably to a temperature of about 100 to 200°C and more
preferably about 125 to 180°C. The external heat radiator and

25 resin package are previously heated to the above range of
temperatures, so that the solder can melt reliably and any
adverse effects on the semiconductor element and resin sealing
means due to rapid change of temperature may be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS
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The invention is described in detail with reference to

the following drawings, wherein:

Fig. 1 is a cross—sectional view of a semiconductor

device;
5 Fig. 2 is a plan view of the semiconductor device as
taken along a line II-II in Fig. 1;
| Fig. 3 is an enlarged cross-section, of the bond inter-
face between an internal heat radiator and a heat radiating
fin in the semiconductor device shown in Fig. 1; |
- 10 Fig. 4 illustrates the relationship between the exposed
area of the internal heat radiator and the bonding area of the
heat radiating fin in the semiconductor device of Fig. 1;

Fig. 5 illustrates the movement of the heat radiating fin
under the surface tension of a molten solder layer;

P15 Figs. 6A, 6B and 6C are cross—-sections showing a process
of making the semiconductor device shown in Fig. 1;

Fig. 7 illustrates modified configurations of the exposed
and bonding areas of the internal heat radiator and heat
radiating fin; R

20 Fig. 8 is a cross-sectional view of a modified heat
radiating fin;

Fig. 9 illustrates another embodiment of the semiconduc-
tor device;.

Fig. 10 illustrates the semiconductor device shown in

25 Fig. 9; |

Figs. 11A-11E illustrate a process of mounting an
external heat radiator having three disc portions on the
exposed area of a resin sealed internal heat radiator;

Fig. 12 illustrates temperatures of the semiconductor
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Fig. 13 1is a cross-sectional view of a conventional
semiconductor device which has a heat radiating fin.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

5 ~ Preferred embodiments of -the invention are described
below with reference to the drawings.

Figure 1 is a cross-sectional view of a semiconductor
device 100 constructed in accordance with the invention and
Fig. 2 is a plan View of the semiconductor device taken along

10 a line II-II in Fig. 1.

The semiconductor device 100 comprises an internal heat
radiator 10 and 1leads 32 disposed over a surface of the
internal heat radiator 10. An ‘insulator 40 is disposed
betweén the leads 32 and the internal heat radiator 10. An

15 external heat radiator 60 is bonded to the internal heat

| radiator 10 and a solder layer 70 is between the external and

the internal heat radiators. The external heat radiator 60 is
called "heat radiating fin 60" hereinafter.

The internal heat radiator 10 includes a base .12 and a

20 projection 14 having an exposed area 14a smaller than an
element placing surface 16 of the base 12. The projection 14
is substantially at the center of the base 12. The element
placing surface 16 of the base 12 is on the side opposite to
the projection i4. A semiconductor element 30 is bonded on

25 the substantially central part of the element placing surface
16 through an adhesive layer 36 such as silver paste or the
like. The top of the projection 14 is the exposed area 14a.

It is desirable that the internal heat radiator 10 is

formed of a high]y heat-conductive materia] such as copper,
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is particularly preferable that the internal heat radiator 10
is made of copper. _

5 The leads 32 are separated from the semiconductor element
30 by a given distance, with the intermediate portion thereof
being supported by the insulator 40. Figure 2 shows that the
Teads 32 are electrically connected to electrode pads 30a on
the semiconductor element 30 through bonding wires 34 such as

10 gold, silver or other wires.
As shown in Fig. 2, the insulator 40 is continuously
formed along the periphery of the element placing surface 16
of the internal heat radiator 10. The insulator 40 is an
electrical insulator and capable of supporting the leads 32.
15 The insulator 40 has sufficient thickness to ensure that a
space is provided between the internal heat radiator 10, the
tips of the leads 32 (inner leads) and wires 34 to minimize
deformation and deterioration caused by heat.
The insulator 40 may be formed of any one of insulation
20 resins such as polyimide resin, epoxy resin or the like. It
is also preferable that the insulator 40 is in the form of a
tape formed by any of the above resins.
A resin package 50 is formed enclosing the semiconductor
element 30, the bonding wires 34, portions of the leads 32,
25 the 1insulator 40 and the internal heat radiator 14 but
exposing the exposed area 14a of the internal heat radiator
14. |
The heat radiating fin 60 comprises a main body 64, a

plurality of protrusions 62 formed on the main body 64 at the
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top and a protruding portion 66 formed on the main body 64 at
the base. The protrusions 66 facilitate specifying the area
of the heat radiating fin 60 to be bonded to the internal heat
radiator 10. The outer end face or bonding area 66a of the
protruding portion 66 is bonded to the exposed area 14a of the
internal heat radiator 10 through a solder layer 70. Figure
3 shows the enlarged bond interface between the internal heat
radiator 10 and the heat radiating fin 60. It is desirable
that the heat radiating fin 60 is formed of a highly

heat-conductive material such as copper, aluminum, silver,

go]d, iron or any one of alloys containing theée metals as

chief components. 1In the v%eWpoint of economy, it is particu-
larly preferable that the internal heat radiator 10 is made of
aluminum.

In this embodiment, if the exposed area 14a of the
internal heat radiator 10 is an area S1, and the bonding area
66a of the protruding portion 66 of the heat radiating fin 60
is an area S2, then S1 > 82 a shown in Fig. 4. The
configuration of the exposed area t4a is similar to that of
the bonding area 66a. In this embodiment, the exposed and
bonding areas 14a, 66a are square. However, the configura-
tions of these areas are not limited to be square, but may be
of any other configuration such as circular and rectangular.

Since the bonding area 66a is smaller than the exposed
area 14a, the solder layer 70 is formed gradually thinner from
the periphery of the bonding area 66a toward the periphery of
the exposed area 14a, thereby forming a fillet 72, as shown in
Fig. 3. The following relationship holds:

Lt = L2 + 2 x L3
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where L1 is cross-sectional length of the exposed area 14a; L2
is a cross—sectiona] length of the bonding area 66a; and L3 is
the width of the fillet 72.

If such a relationship is considered from the viewpoint
of area, the area S1 of the exposed area 14a is set to be
larger than the area S2 of the bonding area 66a by an area S3
of the fillet 72 facing the exposed area 14a in the solder
layer 70, as shown in Fig. 4.

When the exposed area 14a of the internal heat radiator
10 and the bonding area 66a of the heat radiating fin 60 are
formed into the aforementioned configurations and dfmensions,
the internal heat radiator and heat radiating fin 10, 60 can
be bonded to each other so that the bonding area 66a is
substantially centrally located on the exposed area 14a
without any positioning step, as shown in Fig. 4. Such an
advantage will be described in detail with reference to Fig.
5.

In Fig. 5, a solid line represents a state in which the
heat radiating fin 60 is shifted to the right from a predeter-
mined location, while a chain 1ine indicates another state in
which the heat radiating fin 60 is properly bonded to the
internal heat radiator 10 at the predetermined location. When
the protruding portion 66 of the heat radiating fin 60 is
first placed on the molten solder layer 74, the bonding area
66a adheres to the molten solder layer 74 under the molten
solder layer’s surface tension. The surface tension is the
adhesive force between the molten solder layer 74 and the
bonding area 66a, In addition, a molten solder cohesive force

acts on the heat radiating fin 60, and attracts it toward the
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central part of the molten solder layer 74, as shown by arrow
B in Fig. 5. The surface tension moves the heat radiating fin
60 on the surface of the molten solder layer 74. The heat
radiating fin 60 stops at a point where the surface tension
substantially uniformly acts on all the outer edges of the
bonding area 66a.

The exposed area 14a of the internal heat radiator 10 and
the bonding area 66a of the heat radiating fin.so are symmet-
rical and similar in configuration in this embodiment as
described. Therefore, the above point where the surface
tension substantiaT]y uniformly acts on all the peripheral
points of the bonding area 66a is a point where the center of
the exposed area 14a coincides with that of the bonding area
66a. In other words, the bonding area 66a would be centrally
disposed over the exposed area 14a. According to this
embodiment, therefore, the bonding area 66a can be automati-
cally positioned on and bonded to the substantially central
part of the exposed area 14a by utilizing the surface tension
of the molten solder layer 74.

The semiconductor device 100 having the above configura-
tion can provide a relatively high heat radiating effect by
bonding the internal heat radiator 10 to the semiconductor
element 30 which is a main heat source, and aliso by providing
the heat radiating fin 60 on the exposed area 14a. In other
words, the internal heat radiator 10 and heat radiating fin
60, which are formed of metal, can be bonded to each other by
soldering. The heat conductivity of the internal heat
radiator 10 and the heat radiating fin 60 acting as one heat

radiating member is increased resulting in a more effective



5 area. Thus, the external heat dlator can be autonatlcally p05|t|oned.

The invention al sdhj - ﬁiﬂ seallng type gfrrcencueton—de

conprising a senic t ‘havi ng el ectroqg §*m%ﬂHFEKHAs®EENe:t
radi ator having an pl acing s gface f nDﬂEPiAg"Dhe

sem conductor el ement, and | eads separated” from grevzzom=s
el enent . Wres electrically connect the leads with the electrodes.

An heat radiation. 1In addition, the solder layer bond between
‘the internal heat radiator and heat radiating fin 10 and 60
can be sufficiently increased to provide higher mechanical
strength.

5 If a cross-section of the internal heat radiator 10 has
an inverted T-shape, the surface area can be increased to
provide further improved heat radiation. Since it is possibie
to increase the distance between the exposed area 14a and the

" element placing surface 16 on which the semiconductor element

10 30 is placed, the semiconductor element 30 can be prevented

from being degraded by any external matter such'as:gas or

moisture.

In thi's embodiment the exposed and bonding areas 14a, 66a

are formed into the aforementioned configurations and dimen-

15 sions and also bonded to each other through the solder layer

70. Therefore, the heat radiating fin 60 can be automatically

positioned by utilizing the surface tension of the molten

solder, when they are to be bonded to each other. This
enables the assemb1y to be easy and reliable.

20 Figures 6A to 6C are cross-sectional views schematically

showing a fabrication process of the semiconductor device 100.

The semiconductor element 30 is first bonded to the element

placing surface 16 of the internal heat radiator 10 at a

predetermined position. The adhesive layer 36, such as silver

25 paste, is disposed between the semiconductor element 30 and

the element placing surface 16, as shown in Fig. 6A. The

insulator 40 is then disposed along the periphery of the

element placing surface 16 as shown in Fig. 2. The 1éad frame

38 including a plurality of leads 32 is then disposed on the
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adhesive such as epoxy resin, so that the internal heat
radiator 10, insulator 40 and lead frame 38 are bonded
5 together into a unit.

The process and sequence for bonding the internal heat
radiator 10, semiconductor element 30, insulator 40 and lead
frame 38 together is not limited to any particular technique.

The electrode pads 30a of the semiconductor element 30

10 are then electrically connected to the respective leads 32
through the wires 34 in a given wiring pattern.

As shown in Fig. 6B, the resin package 50 is molded by a
conventional molding technique to form a complete package P.
At this point, the exposed area 14a of the internal heat

15 radiator 10 is left exposed from the resin package 50. More
particularly, the semi-assembly formed in the step of Fig. 6A
is set within a cavity under such a condition that the bottom

- wall of a mold (not shown) is in contact with the exposed area
14a. The resin material is sealingly injected into the cavity

20 in such a way that the exposed area 14a will not be covered by
the resin package 50, and the exposed area 14a will be left
exposed.

If the internal heat radiator 10 is made of copper, the
exposed area 14a may be coated with a film of nickel or

25 solder. Thus, it is possible to prevent the formation of a
patina on the exposed area 14a, in spite of a time .interval
between the processing steps.

A first solder layer 70a is then formed over the entire

exposed area 14a of the internal heat radiator 10. The film
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central part of tq% %ﬁp % the surface tension fornmed fromnelting
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on factors such as the required amount of molten solder and
the dimension of the bonding area 66a of the heat radiating
fin 60. |

5 If the exposed area 14a is coated with a nickel film, it
is preferable that a solder is plated over the exposed area
14a through the electro-plating process, since it is difficult
to adhere solder to nickel. It is also preferable that the
so1der plating is formed by the e]ectro-ﬁlating process at the

10 same time when the leads 32 are plated with solder.

As shown in Fig. 6C, the heat radiating fin 60 is then
bonded to the internal heat radiator 10. In this step, a
second solder layer 70b is first formed on the bonding area
66a.

15 If the heat radiating fin 60 is formed of aluminum, it is
preferable that the second solder layer 70b is formed after
the bonding area 66a is previously plated with solder through
the electro-plating process, because the solder does not
adhere to aluminum. Alternatively, the bonding area 66a may

20 be coated with a metallic film containing an alloy such as
tin, silver, gold or palladium which can mix with the solder.
In place of such a metallic film, the bonding area séa may be
previously washed by ionh plasma.

The heat radiating fin 60 is pre-heated preferably to

25 temperatures ranging from about 180 to 250°C, and more
preferably about 180 to 200°C, by any heating means (not
shown). It is desirable that such heating means also func-
tions as support means (handler) for detachably holding the

heat radiating fin 60} and for moving it from a given position
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to a bonding position. The lower temperature 1limit 180°C

substantially corresponds to the melt temperature of the
solder. If the temperature of the heat radiating fin 60 and
particularly its protruding portioﬁ 66 is lower than 180°C,
5 the solder cannot be sufficiently fused when the bonding is
carried out. The upper temperature 1imit 250°C is set based
on the thermal stress appllied to the package P which is
obtained through the process shown in Fig. 6B. If the
temperature of the heat radiating fin 60 is higher than 250°C,
10 an excess thermal stress wii] be undesirably applied to the
semiconductor element 30 and resin package 50, when the heat
radiating fin 60 is brought into contact with the internal
heat radiator 10.

On the other hand, the resin package 50 is preferably
15 pre-heated tp temperatures ranging from about 100 to 200°C and
more preferably about 125 to 180°C. By pre-heating the resin
package 50, the thermal stress on the package P can be
controlled when it is brought into contact with the heat
radiating fin 60 having a higher temperature. If the
20 pre-heating temperature 1is ‘lower than about 100°C, the
temperature of the package P increases rapidly when it is
. brought into contact with the heat radiating fin 60 having a
higher temperature and the thermal stress is insufficiently
‘controlled. A pre-heating temperature above about 200°C gives

25 an adverse effect on the semiconductor element 30.
According to the invention, since the heat radiating fin
60 is positioned by the surface tension of the moiten solder
layer 74, the above temperature range accounts for the surface

tension of the molten solder layer 74 which is temperature
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After pre-heating the heat radiating fin 60 and the resin
package 50, the heat radiating fin 60 is moved downward toward
the exposed area 14a so that the first solder layer 70a is

5 brought into contact with the second solder tlayer 70b. The
first solder layer 70a is fused by the heat from the heat
radiating fin 60 to form the molten solder layer 74. The heat
radiating fin 60 placed on the surface of the molten solder
layer 74 has its protruding portion 66 substantially centrally

10 located on the exposed area 14a as discussed above with Fig.
5. The molten solder layer 74 is cooled to form the solder
layer 70. |

Finally, the lead frame, frames and dam bars are cut off
by conventional means. The outer leads externally extending

15 from the lead frame or solder plating are bent.

The semiconductor device 100 of this embodiment is formed
through the above series of operations. The invention is not
limited to the above embodiment, but may be applied in any of
various modifications and changes. For examplie, similar

20 configurations of the exposed and bonding areas 14a, 66a of
the internal heat radiator and heat radiating fin 10, 60 may
be changed to any of various configurations. It is preferable
that the exposed and bonding areas 14a, 66a are symmetrical to
each other in view of the uniform surface tension of the

25 molten solder acting on them. The exposed and bonding areas
14a, 66a may be different in configuration from each other.
For example, the exposed area 14a may be rectanguiar while the
bonding area 66a may be circular. '

A]thdugh the above embodiment has been described as to .
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exposed and bonding areas 14a, 66a, a single solder layer 70
may be formed on one of the exposed and bonding areas 14a,
66a. It is preferable that the solder layer .70 is formed on
the exposed area 14a of the'interna) heat radiator 10 having
a larger dimension. |

It is preferable that the dimension S1 of the exposed
area 14a is larger than the dimension S2 of the bonding area
66a. Nevertheless, fn view of the accurate positioning of the
heat radiating fin, the object of the . invention can be
accomplished when these dimensions S1 and S$2 are identical.

The configuration and dimensions of the internal and
external heat radiators are not limited to those in the above
embodiment. For example, the protruding portion 66 in the
heat radiating fin may be omitted. As shown in Fig. 8, the
solder layer 70C may be formed on define a bonding region on
a flat surface. The shape of the projections forming the heat
radiating fin May be modified.

The above embodiment has been described as to the

semiconductor element being bonded directly to the internal

‘heat radiator. However, the 1invention can be similarly

applied to a structure that allows the semiconductor element
to be bonded to the islands of the lead frame on one side,
while the internal heat radiator is bonded to the other side
of the same lead frame.

Figure 9 illustrates another embodiment of the
semiconductor device constructed in accordance with the
invention. Figure 10 illustrates the semiconductor device

shown in Fig. 9, without the external heat radiator.

A



20 . and deflnes1ﬂmBR%hmBBuﬁ&wlhailnternal hea dlator ~as an exposed
area. A solder layer n t he exposed a : rnal heat
radi ator. An externaum Hm i's bonded to a
bondi ng area and nou nternal t ra il X area i s
equal to or | arger than the bondlng rea It is pr tal/li nprove
t he heat radlatlng ef fect by bonding the sem conductor el enent dlrectly to
the internal In Fig. -9, an external heat radiator 260 includes four

disc portions 262 which are separated from one another by a
given distance and centrally connected to one another through
a reduced-diameter column (not shown). In such a case, most of

5 the opposite sides of each disc portion 262 will be exposed to
increase the entire area of the external heat radiator 260.
Thus, the external heat radiator 260 can be more effectively
air-cooled. The material of the external heat radiator 260 is
similar to that of the external heat radiator 60 of Fig. 1.

10 The heat radiation can be further improved by blacking
the surface of the external heat radiator 260. Higher level
of radiation is emitted by a darker color surface. If the

, external heat radiator 260 is formed of aluminum, the blacking
may be carried out by wet oxidizing the aluminum.

15 Since it is difficult to adhere aluminum to the solder,
it is preferable that the bonding area of the external heat
radiator 260 that is bonded to the exposed area 214a of the
internal heat radiator 210 is previously plated with solder
through the electro-plating process. Two kinds of processes

20 are considered depending on whether'the oxidization or the
solder ptating is carried out first.

If the solder plating is initially performed, the parts
of the external heat radiator 260 which will not be plated by
solder is first covered with resist and then .the entire

25 external heat radiator 260 is plated with solder. After the
resist has been removed, the solder plated parts are covered
with resist and then blacked through the oxidization. Such a
process requires two steps for covering the external heat

radiator 260 with resist.
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If oxidization is carried out before the solder p1ating,
the parts which are to be solder plated are covered with
resist before the external heat radiator 260 is blacked.
Then, the resist is removed and the unblacked parts of the
external heat radiator 260 are finally plated with solder.
Such a process only requires a single step of covering the
external heat radiator 260 with resist.

As shown in Fig. 10, the éonfiguration of the exposed
area 214a of the internal heat radiator 210 is different from
that of the exposed area 14a of the internal heat radiator 10
in the semiconductor device 100 of Fig. 1. The exposed area
214a is of such a configuration that each of the four corners
has a rounded recess for the following reason.

In the process of making the semiconductor device 200, it
is required that the internal heat radiator 210 is disposed
with its exposed area 214a in contact with the cavity wall of
a mold to be used, so as to prevent the exposed area 214a from
being covered with resin, as in the semiconductor device 100.
In the resin molding step, a molded article is separated from
the mold by outwardly pushing an ejector pin from the moild.
The ejector pin slightly extends outwardly from the cavity
wall of the mold during the resin injection, such that any
convex part will not be formed on the molded article. If the
ejector pin is brought into contact with the exposed area
214a, a gap will be formed between the cavity wall of the mold
and the exposed area 214a, resulting the penetration of the
resin material. To avoid this problem of resin penetration,
the exposed area 214a 1is formed into the aforementioned

configuration, as shown by broken Tline in Fig. 10.
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' A1l the four corners of the square exposed area 214a have

rounded recesses. Therefore, it is not required to determine
the direction of the semiconductor device 200 even if a molded
article is to be separated from the mold by using two ejector
5 pins. In other words, the exposed area 214a can.be released
from the ejector pins, even if the semiconductor device 200 is
rotated from the position of Fig. 10 by 90 degrees. Other
structures besides the above structure are disclosed in JP
5-55410. |
10 The external heat radiator 260 of Fig. 9 have four disc
portions, but any number of disc portions may be used depend—
ing on the heat dissipation that is required.
Figures 11A to 11E schematically show a process of
mounting an external heat radiator 360 having three disc
15 portions 362 on the exposed area 314a of a resin seeled
internal heat radiator 310. |
Referring to Fig. 11A, the exposed area 314a includes a
solder layer 370 formed thereon by solder paste. More
particularly, the exposed area 314a is plated with solder to
20 form a solder plating on which the solder layer 370 is formed.
Figure 11B shows an external heat radiator 360 placed on
the solder layer 370. More particularly, solder is plated on
the bonding area 366a of the external heat radiator 360 to
form a solder plating which is in contact with the solder
25 layer 370. |
After the external heat radiator 360 is placed on the
exposed area 314a having the solder layer 370 therebetween, a
resin package 350 is heated by a heater 380, as shown in Fig.

11C. This heating prevents any damages to the resin package
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350 caused by rapidly heating the molten solder layer 370. It
is preferable that the heating is performed at about 125°C.

As shown in Fig. 11D, the external heat radiator 360 is
then heated to a temperature ranging between about 180°C and

5 200°C by another heater 390 to fuse the solder layer 370. At
this point, it is preferable that the resin package 350
continues to be heated by the heater 380.

When the solder layer 370 is fused, the bonding area 366a

of the external heat radiator 360 is attracted toward the

10 central part of the exposed area 314a through the surface
tension of the molten solder, resulting in a state as shown in
Fig. 11E.

Thus, the semiconductor device 300 is produced through
the above steps. The semiconductor device 300 is mounted.on

15 a substrate after the solder suppliied to the leads through the
reflow step has been fused.

Figure 12 is a graph showing the temperatures of the
semiconductor device 300 during the reflow step. In this
graph, the méximum temperature of the leads is 245°C. If the

20 semiconductor device does not have an external heat radiator,
the surface of the resin package also becomes equal to about
the same temperature. On the other hand, the semiconductor
device 300 of this embodiment limits the maximum temperature
of the resin package 350 to about 170°C. This temperature is

25 obtained by cooling the resin package 350 through the external
heat radiator 360. The solder 1layer 370, adhering the
external heat radiator 360 to the internal heat radiator 310,
will not fuse unless the temperature reaches about 180°C.

Therefore, the solder layer 370 will not fuse when the maximum

-
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radiator 310. Thus, this embodiment can provide superior
effects also in the adhesion of the external heat radiator

5 360. | |
While this invention has been described in conjunction
with specific embodiments thereof, it is evident that many
alternatives, modifications and variations will be abpareﬁt to
those skilled in the art. | Accordingly, the preferred
10 embodiments of the invention as set forth herein are intended
to be illustrative, not 1imiting. Various changes may be made
without departing from the spirit and scope of the invention

as defined in the following claims.
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WHAT IS CLAIMED 1IS:
1. A resin sealing type semiconductor device compris-—
ing:
a semiconductor element;
5 an internal heat radiator, the semiconductor element

being mounted on an element placing surface of the internal
heat radiator;
a resin package, the resin package sealing the
internal heat radiator and defining a portion of the internal
10 heat radiator as an exposed area;
a solder layer disposed on the exposed area of the
intefna]-heat radiator; and
an external heat radiator, the external heat
radiator being mounted on the internal heat radiator and
15 bonded to the solder layer, the external heat radiator being
bonded to the solder layer at a bonding area, wherein the
bonding area is attracted toward a central part of the exposed
area by a surface tension formed by melting the solder layer.
2. A resin sealing type semiconductor device compris-
20 ing:
a semiconductor element;
an internal heat radiator, the semiconductor element
being mounted on an element placing surface of the internal
heat radiator;
25 leads that are separated from the semiconductor
element; |
wires electrically connecting the 1leads with
electrodes of the semiconductor element;

an insulator disposed betweén the 1internal heat

* c L M S *
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radiator and the leads;

a resin package, the resin package sealing the
internal heat radiator and defining a portion of the internal
heat radiator as an exposed area;

a solder layer disposed on the exposed area of the
internal heat radiator; and

an external heat radiator, the external heat
radiator being mounted on the internal heat radiator and
bonded to the solder layer, the external heat radiator being
bonded to the solder layer at a bonding area, wherein the
bonding area is attracted toward a central part of the exposed
area by a surface tension formed by melting the solder layer.

3. A resin sealing type semiconductor device compris-
ing:

a semiconductor element;

an internal heat radiator, the semiconductor element
being mounted on an element placing surface of the internal
heat radiator;

a resin package, the resin package sealing the
internal heat radiator and defining a portion of the internal
heat radiator as an exposed area; _

a solder layer disposed on the exposed area of the
internal heat radiator; and

an external heat radiator, the external heat

radiator being mounted on the internal heat radiator and

~ bonded to the solder layer, the external heat radiator being

bonded to the solder layer at a bonding area, wherein the
bonding area is smaller than the exposed area.

4, A resin sealing type semiconductor device compris-

* [ L N ] *
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ing:

a semiconductor element;

an internal heat radiator, the semiconductor element
being mounted on an element placing surface of the internal
heat radiator; _

leads that are separated from the semiconductor
element;

wires electrically connecting the 1leads with
electrodes of the semiconductor element;

an ihsulator disposed between the internal heat
radiator and the leads;

a resin package, the resin package sealing the
internal heat radiator and defining a portion of the internal
heat radiator as an exposed area;

a-solder layer disposed on the exposed area of the

internal heat radiator; and

an external heat radiator, the external heat
radiator being mounted on the internal heaf radiator and
bonded to the solqer layer, the external heat radiator being
bonded to the solder layer at a bonding area, wherein~the
bonding area is smaller than the'éxposed area.
5. The resin sealing type semiconductor device of claim
1, wherein the bonding area is smaller than the exposed area
and the resin sealing type semiconductor device further
comprises:
| leads that are separated from the semiconductor
element;
wires -electrically connecting the 1leads with

electrodes of the semiconductor element; and

iy




of the |nvent|on-]é rOV|ded by a nethod conprising: 15 mounting a
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for sealing the internal heat radlator and defining a portlon of the
internal heat radiator an insulator disposed between the internal heat

radiator and the leads. _
6. The resin sealing type semiconductor device of claim
3, wherein the bonding area is attracted toward a central part
5 of the exposed area by a surface tension formed by melting the
solder layer and the resin sealing type semiconductor device
further comprises:
leads that are separated from the semiconductor
element;
.10 wires electrically connecting the 1leads with
electrodes of the semiconductor element; and
an insulator disposed between the internal heat
radiator and the leads.
. 7. The resin sealing type semiconductor device of any
15 one of claims 1 to 4, wherein a fillet of solder is formed by
the surface tension when the solder layer is melted, the
fillet is formed over a fillet area between the exposed area
and the bonding area, the bonding area is smaller than the
exposed area by the fillet area. l
20 8. The resin sealing type semiconductor device of claim
7, wherein a shape of the exposed area is similar a shape of °
the bonding area.
9. The resin sealing type semiconductor device of claim
8, further comprising an element receiver, the element
25 receiver being mounted on the internal heat radiator and the
semiconductor element being mounted on an element placing
surface of the element receiver.
10. The resin sealing type semiconductor device of claim

1 or 3, further comprising:

* c L M H] *
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leads that are separated from the semiconductor
element;
| wites electrically connecting the 1leads with
electrodes of the semtconductor element; and
an insulator disposed between the internal heat
radiator and the leads.
11. A method of making a resin sealing type semiconduc-
tor device comprising: |
mounting leads on an internal heat radiator through
an insulator; |
mounting a semiconductor element on an element
placing surface of the internal heat radiator;
electrically connecting the Teads to electrodes of
the semiconductor element with wires;
sealing the internal heat radiator with a resin
paékage;
defining a portion of the internal heat radiator as
an exposed area using the resin package;
bonding the exposed area of the internal heat
radiator to a bonding area of an external heat radiator using
a solder layer; and _
meiting the solder to produce a surface tension, the
bonding area being attracted toward a central part of the
exposed area by the surface tension.
12. A method of making a resin sealing type semiconduc-
tor device comprising:
mounting leads on an internal heat radiator through
an insulator;

mounting a semiconductor element on an element

* [ L M S *
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placing surface of the internal heat radiator;

electrically connecting the leads to electrodes of
the semiconductor element with wires;

sealing the internal heat radiator with a resin
package;

defining a portion of the internal heat radiator as
an exposed area using the resin package; and _

bonding the exposed area of the internal heat

radiator to a bonding area of an external heat radiator using

" a solder 1layer, the bonding area béing-~sma11er than the

exposed area. |

13. The method of making a resin sealing type
semiconductor device of claim 11 or 12, wherein before bonding
the exposed area of the internal heat radiator, the solder
layer is formed on each of the exposed and the bonding areas.

14. The method of making a resin sealing type
semiconductor device of claim 11 or 12, wherein before bonding
the exposed area of the internal heat radiator, the solder
layer is formed on the exposed area.

15. The method of making a resin sealing type

semiconductor device of claim 14, wherein while melting the

solder, the solder layer is heated after heating the external
héat radiator to a temperature range of'about 180 to 250°C.

16. The method of making a resin sealing type
semiconductor device of any one of claims 11 to 15, wherein
while melting the solder, the solder layer is heated after
heating the resin package to a temperature range of about 100
to 200°C.

17. The method - of making a resin sealing type

* [ L. M S *
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exposed and bonding areas. Wen the 10 ~“<Solder layers are formed on. both
areas, it is possible to solder the areas snoothly and obtain a desirable
bondi ng. semiconductor device of claim 16, further comprising:

mounting the semiconductor element on an element
receiver; and |
fixing the element receiver on the internal heat
5 radiator.

18. The method of making a resin sealing type
semiconductor device of claim 11, wherein the bonding area
is smaller than the exposed area.

19. The method of making a resin sealing type

10 semiconductor device of claim 12, further comprising melting
the solder to produce a surface tension, the bonding area
being attracted toward a central part of the exposed area by

the surface tension.
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ABSTRACT

A resin sealing type semiconductor device includes an

internal heat radiator having an element placing surface, a

semiconductor element bonded to the e]ement placing surface

10

and leads which are separated from the semiconductor element.
Wires electrically connect the leads to the electrodes of the
semiconductor element. An insulator is 1ocated between the
internal heat radiator and the leads. A resin package is
formed exposing an exposed area of the internal heat radiator.
A heat radiating fin is bonded to the exposed area of the
internal heat radiator by a solder layer therebetween. The
dimension S1 of the exposed area is equal to or larger than
the dimension S2 of the bonding area of the heat radiating fin

and the solder layer.

it
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AND METHOD OF MAKING THE SAME
BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates: to a semiconductor device with
external and internal heat radiators and a method of making
such a semiconductor device.

2. Description of Related Art |

In recent years, semiconductor chips show a tendency to
have high integration and power dissipation and thus increase
the heatingnvalue. Packages for such semiconductor chips are
usually made of ceramics which are highly heat-resistant.
However, ceramic packages have some drawbacks. For example,
such packages make semiconductor devices too large, complfcate
the production processeé and increase the manufacturing cost.
Thus, to resolve the above drawbacks of ceramic packages,
resin sealing type packages have been proposed.

To provide high heat radiating properties in the resin
sealing type semiconductor devices, materials increasing the
thermal conductivity of a lead frame or sealing resin have
been under consideration. In terms of structure, modifying
the design of a lead frame and providing an additional heat
radiating member are also under consideration? Furthermore,
it is now considefed that the addition of a heat radiating
member for improving the heat radiafing properties of the
package is extremely effective for Large .Scale Integrated
circuits in which their power_consumption is substantially
equal to two to three Watts per chip.

For example, JP 2-307251 discloses a technique 1in
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It Is also preferable that the |nsulator 40 is in theAforn1of a tape forned
e uctor Creiation To' the Sbove techiiaues.> S Shown dn E1%. ti‘:?, the
semiconductor device comprises a semiconductor chip 3 which is
electrically connected to internal leads 2 through wires 4,
and a resin member 1 which seals the chip 3, wires 4 and
5 .. internal leads 2. An opening is partially formed in the resin
member 1. The opening leads to one side of the semiconductor
chip 3 and is filled with highly thermally conductive adhesive
5. The heat radiating fin 6 is formed on the surface of the
adhesive 5.

( 10 The above semiconductor device increases heat radiating
properties since the heat radiating fin 6 is mounted on the
high heat conductive silicone resin adhesive §. However, the
heat radiating fin 6 is separated from the semiconductor chip
3 by the resin material and the adhesive 5. Therefore,. the

15 prior art semiconductor device has slightly inferior heat
conductivity, and weak bonding of the metallic heat radiating
fin 6 to the resin adhesive 5 because they are made of
different materials.

SUMMARY OF THE TNVENTION

20 An object of the invention is to provide a resin sealing
type semiconductor device which has increased heat radiating
pfoperties, and which can be adopted to any high-power
semiconductor devices, and also to provide a method of making
such a semiconductor device. Thus, the invention provides a

25 resin sealing type semiconductor device comprising a
semiconductor elemenf mounted on an internal heat radiator.
A resin package seals the internal heat radiator and defines
a portion of the internal heat radiator as an exposed area.

A solder layer is disposed on the exposed area of the internal
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heat radiator. An external heat radiator is bonded to the
solder layer at a bonding area and mounted on the internal
heat fadiator. The exposed and bonding areas are formed so
that the bonding area is attracted toward the central part of
the exposed area by the surface tension formed by the solder
layer when the solder layer is in a molten state.

In such an arrangement, the semiconductor element and
internal heat radiator which are main heat producing sources
are bonded together either directly or having element receiv-
ers such as lead frame islands therebetween. In addition, the
internal and external heat radiators are bonded together
sandwiching the solder 1layer in between. Therefore, the
arrangement can provide higher heat radiating effects. For
example, both the internal and external heat radiators may be
made of metal. Thus, all the heat radiating members bonded to
each other through the solder can provide high heat conductiv-
ity. ' '

The exposed area of the internal heat radiator and the
bonding area of the external heat radiafor are configured in-
the aforementioned manner. The external heat radiator can be
automatically positioned through the surface tension of the
molten solder formed while bonding the external and internal
heat radiators. This ensures accurate and simple assembly of
the semiconductor device.

The molten solder adheres to the exposed and bonding
areas under the molten solder's surface tension (adhesion
be tween liquid and solid). The portions of the exposed and
bonding areas to which the molten solder adheres are then

attracted to each other under the surface tension {(cohesive
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force of liquid), so that the external heat radiator moves on
the surface of the molten solder layer. The external heat
radiator stops at a point where the surface tension substan-
tially uniformly acts on all the outer edges of the bonding
area. Thus, the external heat radiator can be automatically
positioned. '

The invention also provides a resin sealing type
semiconductor device comprising a semiconductor element having
electrodes, an internal heat radiator having an element
placing surface for mounting the semiconductor element, and
leads separated from the semiconductor element. Wires
electrically. connect the 1leads wfth the electrodes. An
insulator 'is located between the internal heat radiator and
the leads. A resin package seals the interna]Iheat radiator
and defines a portion of the internal heat radiator as an
exposed area. A solder layer is disposed on the exposed area
of the internal heat radiator. An external heat radiator is
bonded to the solder layer at a bonding area and mounted on
the internal heat radiator. The exposed and bonding areas are

formed so that the bonding area is attracted toward the

.central part of the exposed area by the surface tension formed

from melting the solder 1a9er.

In addition to the aforementioned configuration of the
exposed and bonding areas, such an arrangement can improve the
heat radiating effects because the semiconductor element is
bonded directly to the internal heat radiator.

The 1invention further provides a resin sealing type
semiconductor device comprising a semiconductor element

mounted on an intérnal heat radiator. A resin package seals
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internal heat radiator as an exposed area. A solder layer is
disposed on the exposed area 6f the internal heat radiator.
An external heat radiator is bonded to the solder layer at a
bonding-area and mounted on the internal heat radiator. The
exposed area is equal to or larger than the bonding area.

When the exposed area is equal to or larger than the
bonding area, it is possible to utilize the surface tension 6f
the molten solder formed by the bonding of external and
internal heat radiators so that the external heat radiator can
be automatically positioned.

The invention further provides a resin sealing type
semiconductbr_device comprising a semiconductor element having
electrodes, an internal heat radiator having an element
placing surface for mounting the semiconductor element, and
leads separated from the semiconductor element. Wires
electrically connect the 1leads with the electrodes. An
insulator is located between the internal heat radiator and
the leads. A resin package seals the internal heat radiator
and defines a portion of the internal heét radiator as an
exposed area. A solder layer is disposed on the exposed area

of the internal heat radiator. An external heat radiator 1is

bonded to the solder layer at a bonding area and mounted on

the internal heat radiator. The exposed area is equal to or
larger than the bonding area.

It is preferred to improve the heat radiating effect by
bonding the semiconductor element directly to the internal
heat radiator. |

[t is desirable that the soider layer forms a fillet by
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the bondi ng area 66a. In this enbodlnent the exposed
the surface tension when melted and the exposed area is larger

than the bonding area by the area of the fillet projected onto
the exposed area.

The fillet is formed by the surface tension of the molten
solder. More particularly, the fillet is formed by the
adhering force of the molten solder to the exposed and bonding
areas and the cohesive force of the molten solder.

The exposed and bonding areas are provided in the above
manner. Thus, it is possible to position and reproduce the
external heat radiator reliably, when it is bonded to the
internal heat radiator.

It is also desirable that the configuration of the
exposed aréa is similar to that of the bonding area.

Thus, it is possible to position the external heat
radiator accurately. The bonding area is disposed on the
center of the exposed area because the surface tension of the
molten solder acting on the center of the exposed area is
balanced at all the edges of the bonding area.

It is preferable that the resin sealing type semiconduc-
tor device of the invention further comprises an element
receiver. The element receiver is mounted on the internal
heat radiator and has an element placing surface. The element
placing surface is mounted on the semiconductor element for
indirectly fixing the semiconductor element to the internal
heat radiator.

The resin sealing type semiconductor device of the
invention is provided by a method comprising:

mounting a lead frame inciuding leads on an.interna1 heat

radiator through an insulator, mounting a semiconductor
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connecting the leads to the electrodes of the semiconductor
element with wires;

molding a resin package for sealing the internal heat
radiator and defining a portion of the internal heat radiator
as an exposed area; '

bonding the exposed area of the internal heat radiator to
a bonding area of an external heat radiator through a soldér
layer; and |

heating and meliting the solder layer so that the bonding
area is attracted toward the central part of the exposed area
by the surface tension built from the melted solder layer.

Furthermore, the resin sealing type semiconductor device
of the invention is provided by a method comprising:

mounting a lead frame including leads on an internal heat
radiator through an insulator, mounting a semiconductor
element on the internal heat radiator and electrically
connecting the leads to the electrodes of the semiconductor
element through wires;

molding a resin package for sealing the internal heat
radiator and defining a portion of the internal heat radiator
as an exposed area; _

bonding the exposed area of the internal heat radiator to
a bonding area of an external heat radiator through a solder
layer; the exposed area being equal to or larger than the
bonding area; and

heating and melting the solder layer so that the bonding
area is attracted toward the central part of the exposed area

by the surface tension built from the melted solder layer.
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As described, these methods of the invention can easily
and reliably assemble the internal and external heat radiators
since the external heat radiator is automatically positioned
on the exposed area, by the moiten solder bonding the internal
and external heat radiators.

" The solder layer may be formed on at least one of the
exposed and bonding areas of the internal and external heat
'radiators; It is however preferable that the solder layer is
formed on each of the exposed and bonding areas. When the
solder layers are formed on both areas, it is possible to
solder the areas smoothly and obtain a desirable bonding.
When the solder layer is formed on one of the exposed and
bonding areas, it is desirable to form the solder layer on the
exposed area which is larger than the bonding area. In such
a case, the external heat radiator can be more easily
positioned through the surface tension of the molten solder.
When the amount of solder is sufficient, stable bonding is
provided.

In the above methods of the invention, it is desirable
that the solder layer is heated after heating the external
heat radiator to a temperature of about 180 to 250°C, and more
preferably about 180 to 200°C and heating the resin package
preferably to a temperature of about 100 to 200°C and more
preferably about 125 to 180°C. The external heat radiator and
resin package are previously heated to the above range of
temperatures.'sd that the solder can melt reliably and any
adverse effects on the semiconductor element and resin sealing
means due to rapid change of temperature may be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS
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The invention is scribed in detail with reference to
the following drawings, wherein:

Fig. 1 is a cross-sectional view of a semiconductor
device;

Fig. 2 is a plan view of the semiconductor device as
taken along a line II-II in Fig. 1;

Fig. 3 is an enlarged cross-section, of the bond inter-
face between an internal heat radiator and a heat radiating
fin in the semiconductor device shown in Fig. 1;

Fig. 4 illustrates the relationship between the exposed
area of the internal heat radiator and the bonding area of the
heat radiating fin in the semiconductor device of Fig. 1;

Fig. 5 illustrates the movement of the heat radiating fin
under the surface tension of a molten solder layer;

Figs. 6A, 6B and 6C are cross—-sections showing a process
of making the semiconductor device shown in Fig. 1; |

Fig. 7 illustrates modified configurations of the exposed
and bonding areas of the internal heat radiator and heat
radiating fin;

Fig. 8 is a cross-sectional view of a modified heat
radiating fin;

Fig. 9 illustrates another embodiment of the semiconduc-
tor device;

Fig. 10 illustrates the semiconductor device shown in
Fig. 9;

Figs. 11A-11E illustrate a process of mounting an
external heat radiator having three disc portions on the
exposed area of a resin sealed internal heat radiator;

Fig. 12 illustrates temperatures of the semiconductor
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Fig. 13 is a cross-sectional view of a conventional
semiconductor device which has a heat radiating fin.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the invention are described
below with reference to the drawings.

Figure 1 is a c¢ross—sectional view of a semiconductor
device 100 constructed in accordance with the invention and
Fig. 2 is a plan view of the semiconductor device taken along
a line II-II in Fig. 1. |

The semiconductor device 100 comprises an internal heat
radiator 10 and leads 32 disposed over a surface of the
internal heéat radiator 10. An insulator 40 is disposed
between the leads 32 and the internal heat radiator 10. An
external heat radiator 60 is bonded to the internal heat
radiator 10 and-a solder layer 70 is between the external and
the internal heat radiators. The external heat radiator 60 is
called "heat radiating fin 60" hereinafter.

The internal heat radiator 10 includes a base 12 and a
projection 14 having an exposed area 14a smaller than an
element placing surface 16 of the base 12. The projection 14
is substantially at the center of the base 12. The element
placing surface 16 of the base 12 is on the side opposite to
the projection 14. A semiconductor element 30 is bonded on
the substantially central part of the element placing surface
16 through an adhesive layer 36 such as éilver paste or the
like. The top of the projection 14 1s the exposed area 14a.

It is desirable that the internal heat radiator 10 is

formed of a highly heat-conductive material such as copper,
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metals as chief components. From the viewpoint of economy, it
is particularly preferable that the internal heat radiator 10
is made of copper.

The leads 32 are separated from the semiconductor element
30 by a given distance, with the intermediate portion thereof
being supported by the insulator 40. Figure 2 shows that the
leads 32 are electrically connected to electrode pads 30a on
the semiconductor element 30 through bonding wires 34 such as
gold, silver or other wires.

As shown in Fig. 2, the insulator 40 is continuously
formed along the periphery of the element placing surface 16
of the internal heat radiator 10. The insulator 40 is an
electrical insulator and capable of supporting the leads 32.
The insulator 40 has sufficient thickness to ensure that a
space is providéd between the internal heat radiator 10, the
tips of the leads 32 (inner leads) and wires 34 to minimize
deformation and deterioration caused by heat.

The insulator 40 may be formed of any one of insulation
resins such as polyimide resin, epoxy resin or the like. It
is also preferable that the insulator 40 is in the form of a
tape formed by any of the above resins.

A resin package 50 is formed enclosing the semiconductor

element 30, the bonding wires 34, portions of the leads 32,

'the insulator 40 and the internal heat radiator 14 but

exposing the exposed area 14a of the internal heat radiator
14.
The heat radiating fin 60 comprises a main body 64, a

plurality of protrusions 62 formed on the main body 64 at the
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top and a protruding portion 66 formed on the main body 64 at
the base. The protrusions 66 facilitate specifying the area
of the heat radiating fin 60 to be bonded to the internal heat
radiator 10.. The outer end face or bonding area 66a of the
protruding portion 66 is bonded to the exposed area 14a of the
internal heat radiator 10 through a solder layer 70. Figure
3 shows the enlarged bond interface between the internal heat
radiator 10 and the heat radiating fin 60. It is desirable
that the heat radiating fin 60 1is formed of a highly

heat-conductive material such as copper, aluminum, silver,

_go]d, iron or any one of alloys containing these metals as

chief components. In the viewpoint of economy, it is particu-
larly preferable that the internal heat radiator 10 is made of
aluminum. |

In this embodiment, if the exposed area 14a of the
internal heat radiator 10 is an area S1, and the bonding area
66a of the protruding portion 66 of the heat radiating fin 60
is an area S2, then St > S2 a shown in Fig. 4. The
configuration of the exposed area t4a is similar to that of
the bonding area 66a. In this embodiment, the expdsed and
bonding areas 14a, 66a are square. However, the configura-
tions of these areas are not limited to be square, but may be
of any other configuration such as circular and rectangular.

Since the bonding area 66a is smaller than the exposed
area t4a, the sblder layer 70 is formed gradually thinner from
the periphery of the bonding area 66a toward the periphery of
the exposed area 14a, thereby forming a fillet 72, as shown in
Fig. 3. The fo]lowing relationship holds:

L1 = L2 + 2 x L3
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where L1 is cross—sectional length of the exposed

da; L2
is a cross-sectional length of the bonding area 66a; and L3 is
the width of the fillet 72.

If such a relationship is considered from the viewpoint
of area, the area S1 of the exposed area 14a is set to be
larger than the area S2 of the bonding area 66a by an area s3
of the fillet 72 facing the exposed area 14a in the solder
layer 70, as shown in Fig. 4.

When the exposed area t4a of the internal heat radiator
( 10 10 anhd the bonding area 66a of the heat radiating fin 60 are

formed into the aforementioned configurations and dimensions,
the internal heat radiator and heat radiating fin 10, 60 can
be bonded ‘to each other so that the bonding area 66a is
substantially centrally located on the exposed area 14a

15 without any positioning step, as shown in Fig. 4. Such an

advantage will be described in detail with reference to Fig.

5.
In Fig. 5, a solid line represents a state in which the
heat radiating fin 60 is shifted to the right from a predeter-
20 mined location, while a chain line indicates another state in
which the heat radiating fin 60 is properly bonded to the
internal heat radiator 10 at the predetermined location. When
the protruding portion 66 of the heat radiating fin 60 is
first placed on the molten solder layer 74, the bonding area
25 66a adherés to the molten solder layer 74 under the molten
solder layer's surface tension. The surface tension is the
adhesive force between the molten solder layer 74 and the
bonding area 66a, In addition, a molten solder cohesive force

acts on the heat radiating fin 60, and attracts it toward the
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B in Fig. 5. The surface tension moves the heat radiating fin
60 on the surface of the molten solder layer 74. The heat
radiating fin 60 stops at a point where the surface tension
substantially uniformly acts on all the outer edges of the
bonding area 66a.

The exposed area 14a of the internal heat radiator 10 and
the bonding area 66a of the heat radiating fin 60 are symmet-
rical and similar in configuration in this embodiment as
described. Therefore, the above point where the surface
tension substantially uniformly acts on all the peripheral
points of the bonding area 66a is a point where the center of
the exposed area 14a coincides with that of the bonding area
66a. In other words, the bonding area 66a would be centré]ly
disposed over the exposed area 14a.  According to- this
embodiment, therefore, the bonding area 66a can be automati-
cally positioned on and bonded to the substantially central
part of the exposed area 14a by utilizing the surface tension
of fhe moiten solder layer 74.

The semiconductor device 100 having the above configura-
tion can provide a relatively high heat radiating effect by
bonding the internal heat radiator 10 to the semiconductor

element 30 which is a main heat source, and also by providing

the heat radiating fin 60 on the exposed area 14a. In other

words, the internal heat radiator 10 and heat radiating fin
60, which are formed of metal, can be bonded to each other by
soldering. The heat conductivity of the internal heat
radiator 10 and the heat radiating fin 60 acting as one heat

radiating member is increased resulting in a more effective
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the internal heat radiator and heat radiating fin 10 and 60
can be sufficiently increased to provide higher mechanical
strength. |
5., If a cross-section of the internal heat radiator 10 has
an inverted T-shape, the surface area can be increased to
provide further improved heat radiation. Since it is possible
to increase the distance between the exposed area 14a and fhe
" element placing surface 16 on which the semiconductor element
- 10 30 is placed, the semiconductor element 30 can be prevented
from being degraded by any external matter such as gas or
moisture.
In this embodiment the exposed and bonding areas 14a, 66a
are formed into the aforementioned configurations and dimen-
15 sions and also bonded to each other through the solder layer
70. Therefore, the heat radiating fin 60 can be automatically
positioned by utilizing the surface tension of the molten
solder, when they are to be bonded to each other. This
enables the assembly to be easy and reliable.
20 _ Figures 6A to 6C are cross-sectional views schematically
showing a fabrication process of the semiconductor device 100.
The semiconductor element 30 is first bonded to the element
placing surface 16 of the internal heat radiator 10 at a
predetermined position. The adhesive layer-36, such as silver
25 paste, is'disposed-between the semiconductor element 30 and
the element placing surface 16, as shown in Fig. 6A. The
insulator 40 1is then disposed along the periphery of the
element placing surface 16 as shown in Fig. 2. The lead frame

38 including a plurality of leads 32 is then disposed on the
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insulator 40. These three members are then thérmally
pressurized and bonded together, by using any suitable
adhesive such as epoxy resin, so that the internal heat
radiator 10, insulator 40 and lead frame .38 are bonded
together into a unit.

The process and sequence for bonding the internal heﬁt
radiator 10, semiconductor element 30, insulator 40 and lead
frame 38 together is not limited to any particular technique.

The electrode pads 30a of the semiconductor element 30
are then electrically connected to the respective leads 32
through the wires 34 in a given wiring pattern.

As shown in Fig. 6B, the resin package 50 is molded by a
conventiondl molding technique to form a complete package P.
At this point, the exposed area 14a of the internal heat
radiator 10 is left exposed from the resin package 50. More
particularly, the semi-assembly formed in the step of Fig. 6A
is set within a cavity under such a condition that the bottom
wall of a mold (not shown) is in contact with the exposed area
14a. The resin material is sealingly injected into the cavity
in such a way that the exposed area 14a will not be covered by

the resin package 50, and the exposed area t14a will be left

exposed.

If the internal heat radiator 10 is made of copper, the
exposed area 14a may be coated with a film of nickel or
solder. Thus, it is possible to prevent the formation of a
patina on the exposed area 14a, in spite of a time interval
between the processing steps.

A first solder layer 70a is then formed over the entire

exposed area 14a of the internal heat radiator 10. The film
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fﬂ%gé%ess of the first solder layer 70a is selected depending
on factors such as the required amount of molten solder and
the dimension of the bonding érea 66a of the heat radiating
fin 60.

If the exposed area 14a is coated with a nickel film, it
is preferable that a solder is plated over the exposed area
14a through the electro-plating process, since it is difficult
to adhere solder to nickel. It is also preferable that the
solder plating is formed by the e]ectro-blating process at the
same time when the leads 32 are plated with solder.

As shown in Fig. 6C, the heat radiating fin 60 is then
bonded to the internal heat radiator 10. In this step, a
second solder layer 70b is first formed on the bonding area
66a. ._

If the heat radiating fin 60 is formed of aluminum, it ié
preferable that the second solder layer 70b is formed after
the bonding area 66a is previously plated with solder through
the electro-plating process, because the solder does not
adhere to aluminum. Alternatively, the bonding area 66a may
be coated with a metallic film containing an alloy such as
tin, silver, gold or palladium which can mix with the solder.
In placg of such a metallic film, the bonding area 66a may be
previously washed by ion plasma.

The heat radiating fin 60 is pre-heated preferably to
temperatures ranging from about 180 to 250°C, and more
preferably about 180 to 200°C, by any heating means (not
shown). It is desirable that such heating means also func-
tions as support means (handler) for detachably holding the

heat radiating fin 60, and for moving it from a given position
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substantially corresponds to the melt temperature of the

solder. If the temperature of the heat radiating fin 60 and
particularly its protruding portioﬁ 66 is fower than 180°C,
5 .. “the solder cannot be sufficiently fused when the bonding is
carried out. The upper temperature 1limit 250°C is set based
on the thermal stress applied to the package P which is
obtained through the process éhown in Fig. 6B. If the
temperature of the heat radiating fin 60 is higher than 250°C,
10 an excess thermal stress wiil be undesirably applied to the
semiconductor element 30 and resin package 50, when the heat
radiating fin 60 is brought into contact with the internal

heat radiator 10.
On the other hand, the resin package 50 is preferably
15 pre—heated tp temperatures ranging from about 100 to 200°C and
more preferably about 125 to 180°C. By pre-heating the resin
package 50, the thermal stress on the package P can be
controlled when it is brought into contact with the heat

radiating fin 60 having a higher temperature. If the

-

20 pre-heating temperature is Tlower than about 100°C, the
temperature of the package P increases rapidly when it is
_brought into contact with the heat radiating fin 60 having a
higher temperature and the thermal stress is insufficiently
controlled. A pre-heating temperature above about 200°C gives

25 an adverse effect on the semiconductor element 30.
According to the invention, since the heat radiating fin
60 is positioned by the surface tension of the molten solder
layer 74, the above temperature range accounts for the surface

tension of the molten solder layer 74 which is temperature
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After pre-heating the heat radiating fin 60 and the resin

package 50, the heat radiating fin 60 is moved downward toward
the exposed area 14a so that the first solder layer 70a is

5 brought info contact with the second solder layer 70b. The
first solder layer 70a is fused by the heat from the heat
radiating fin 60 to form the molten solder layer 74. The heat
radiating fin 60 placed on the surface of the molten solder
layer 74 has its protruding portion 66 substantially centrally

10 located on the exposed area 14a as discussed above with Fig.
5. The molten solder layer 74 is cooled to form the solder
layer 70.

Finally, the }ead frame, frames and dam bars are cut off
by conventional means. The outer leads externally extending

15 from the lead frame or solder plating are bent.

The semiconductor device 100 of this embodiment is formed
through the above series of operations. The invention is not
limited to the above embodiment, but may be applied in any of
various modifications and changes. For example, similar

20 configurations of the exposed and bonding areas 14a, 66a of
the internal heat radiator and heat radiating fin 10, 60 may
be changed to any of various configurations. It is preferable
that the exposed and bonding areas 14a, 66a are symmetfical to
each other in view of the uniform surface tension of the

25 molten solder acting on them. The exposed and bonding areas
14a, 66a may be different in configuration from each other.
For example, the exposed area 14a may be rectangular while the
bonding area 66a may be circular. '

Although the above embodiment has been described as to
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lead frame 38 including a plurality of |eads
the first and second solder layers 70a, 70b formed on the
exposed and bonding areas 14a, 66a, a single solder layer 70
may be formed on one of the éxposed and bonding areas 14a,
66a. It is preferable that the solder layer 70 is formed on
the exposed area 14a of the internal heat radiator 10 having
a larger dimension.

It is preferable that the dimension S1 of the exposed
area 14a is larger than the dimension $2 of the bonding area
66a. Nevertheless, fn view of the accurate positioning of the
heat radiating fin, the object of the invention can be
accomplished when these dimensions S1 and S2 are identical.

The configuration and dimensions of the internal and
external heat radiators are not limited to those 'in the above
embodiment. For example, the protruding portion 66 in-the
heat radiating fin may be omitted. As shown in Fig. 8, the
solder layer 70C may be formed on define a bonding region on
a flat surface. The shape of the projections forming the heat
radiating fin may be modified.

The above embodiment has been described as to the
semiconductor element being bonded directly to the internal

heat radiator. However, the invention can be similarly

_app]ied to a structgre that allows the semiconductor element

25

to be bonded to the islands of the lead frame on one side,
while the internal heat radiator is bonded to the other side
of the same lead frame.

Figure 9 illustrates another embodiment of the
semiconductor device constructed in accordance with the
invention. Figure 10 illustrates the semiconductor device

shown in Fig. 9, without the external heat radiator.
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an external heat radiator 260 includes four

In Fig. 9,
disc portions 262 which are separated from one another by a
given distance and centrally connected to one another through
a reduced-diameter column (not shown). In such a case, most of
the opposite sides of each disc portion 262 will be exposed to
increase the entire area of the external heat radiator 260.
Thus, the external heat radiator 260 can be more effectively
air-cooled. The material of the external heat radiator 260.is
similar to that of the external heat radiator 60 of Fig. 1.

The heat radiation can be further improved by blacking
the surface of the external heat radiator 260. Higher level
of radiation is emitted by a darkéer color surface. If the
external-héat radiator 260 is formed of aluminum, the blacking
may be carried out by wet oxidizing the aluminum.

Since it is difficult to adhere aluminum to the solder,
it is preferable that the bonding area of the external heat
radiator 260 that is bonded to the exposed area 214a of the
internal heat radiator 210 is previously plated with solder

through the e]eétro—p]ating process. fwo kinds of processés

~are considered depending on whether the oxidization or the

solder plating is carried out first.

If the solder plating is initially performed, the parts
of the external heat radiator 260 which will not be plated by
solder 1s first covered with resist and then the entire
external heat radiator 260 is plated with solder. After the
resist has been removed, the solder plated parts are covered
Such a

heat

with resist and then blacked through the oxidization.
process requires two steps for covering the external

radiator 260 with resist.
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resist before the external heat radiator 260 is blacked.
Then, the resist is removed and the unblacked parts of the
5 . external heat radiator 260 are finally plated with solder.
Such a process only requires a single step of covering the
external heat radiator 260 with resist. |
As shown in Fig. 10, the configuration of the exposed
area 214a of the internal heat radiator 210 is different from
10 that of the-exbosed area 14a of the internal heat radiator 10
in the semiconductor device 100 of Fig. 1. The exposed area
214a is of such a configuration that each of the four corners
has a rounded recess for the following reason. _
In the process of making the semiconductor device 206, it
15 is required that the internal heat radiator 210 is disposed
with its exposed area 214a in contact with the cavity wall of
a mold to be used, so as to prevent the exposed area 214a from
being covered with resin, as in the semiconductor device 100.
In the resin molding step, a molded article is separated from
20 the mold by outwardly pushing an ejector pin from the mold.
The ejector pin slightly extends outwardly from the cavity
wall of the mold during the resin injection, such that any
convex part will not be formed on the molded article. If the
ejector pin is brought into contact with the exposed area
25 214a, a gap will be formed between the cavity wall of the mold
and the exposed area 214a, resulting the penetration of the
resin material. To avoid this problem of resin penetration,
the exposed area 214a is formed into the aforementioned

configuration, as shown by broken line in Fig. 10.



At t hiThis/SRdetHas BedaRe sed area|[l# kg f '

is left the resin ckag&“@QAﬂENbre p

sem'-as mm in the ste ler
such a t he bottom wal | ofzaxggd (naet ' "~act

with the exposed area l4a. The resin material is seallngly |nJected into

the cavity 20 c that the-exposed area 14a wll not be
.cover ed b§ the resi nAzi E'&%ef%é' cRR@el ReO bExHR SRURTE, e XS ArBa Rifa have

10

15

20

25

*

rounded recesses. Therefore, it is not required to determine
the direction of the semiconductor device 200 even if a molded
article is to be separated from the mold by using two ejector
pins. 1In other words, the exposed area 214a can be released
from the ejector pins, even if the semiconductor device 200 is
rotated from the position of Fig. 10 by 90 degrees. Other
structures besides the above structure are disclosed in JP
5-55410.

The external heat radiator 260 of Fig. 9 have four disc
portions, but any number of disc portions may be used depend-
ing on the heat dissipation that is required.

Figures 11A to 11E schematically show a process of
mounting an external heat radiator 360 having three disc
portions 362 on the exposed area 314a of a resin see1ed
internal heat radiator 310.

Referring to Fig. 11A, the exposed area 314a includes a
solder Tlayer 370 formed thereon by solder paste. More
particularly, the exposed area 314a is plated with solder to
form a solder plating on which the solder layer 370 is formed.

Figure 11B shows an external heat radiator 360 placed on
the soider layer 370. More particularly, solder is plated on
the bonding area 366a of the external heat radiator 360 to
form a solder plating which is in contact with the solder
1ayer 370.

After the external heat radiator 360 is placed on the
exposed area 314a having the solder layer 370 therebetween, a
resin package 350 is heated by a heater 380, as shown in Fig.

11C. This heating prevents any damages to the resin package
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350 caused by rapidly heating the molten solder layer 370. It
is preferable that the heating is performed at about 125°C.

As shown in Fig. 11D, the external heat radiator 360 is
then heated to a temperature ranging between about 180°C and
200°C by another heater 390 to fuse the solder layer 370. At
this point, it is preferable that the resin package 350
continues to be heated by the heater 380.

When the solder layer 370 is fused, the bonding area 366a
of the external heat radiator 360 is attracted toward the
central part of the exposed area 314a through the surface
tension~of the molten solder, resulting in a state as shown in
Fig. 11E. |

Thus, the semiconductor device 300 is produced through
the above steps. The semiconductor device 300 is mounted on
a substrate after the solder supplied to the leads through the
reflow step has been fused.

Figure 12 is a graph showing the temperatures of the
semiconductor device 300 during the reflow step. In this
graph, the maximum temperature of the leads is 245°C. If the
semiconductor devibe does not have an external heat radiator,
the surface of the resin package also becomes equal to about
the same temperature. On the other hand, the semiconductor
device 300 of this embodiment limits the maximum temperatufe
of the resin package 350 to about 170°C. This temperature is
obtained by coolipg the fesin package 350 through the external
heat radiator 360. The solder 1layer 370, adhering the
external heat radiator 360 to the internal heat radiator 310,
will not fuse unless the temperature reaches about 180°C.

Therefore, the solder layerl370 will not fuse when the maximum
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temperature at the resin package 350 is 170°C. The external
heat radiator 360 will not be separated from the internal heat
radiator 310. Thus, this embodiment can provide superior
effects also in the adhesion of the external heat radiator

5. 360. | |
While this invention has been described in conjunction
with specific embodiments thereof, it is evident that many
alternatives, modifications and variations will be ahparedt.to
those skilled in the art. | Accordingly, the preferred
10 embodiments of the invention as set forth herein are intended
to be illustrative, not 1limiting. Various changes may be made
without departing from the spirit and scope of the invention

as defined-in the following claims.
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WHAT IS CLAIMED IS:
1. A resin sealing type semiconductor device compris-
ing: |

a semiconductor element;

an internal heat radiator, the semiconductor element
being mounted on an element placing surface of the internal
heat radiator;

a resin package, the resin package sealing the
internal heat radiator and defining a portion of the internal
heat radiator as an exposed area;

a solder layer disposed on the exposed area of the
internal heat radiator; and

an external heat -radiator, the external heat
radiator being mounted on the internal heat radiator and
bonded to the solder layer, the external heat radiator being
bonded to the solder layer at a bonding area, wherein the
bonding area is attracted toward a central part of the exposed
area by a surface tension formed by melting the solder layer.

2. A resin sealing type semiconductor device compris—
ing: '

a semiconductor element;

an internal heat radiator, the semiconductor element
being mounted on an element placing surface of the internal
heat radiator;

leads that ére separated from the semiconductor
element;

wires electrically connecting the leads with
electrodes of the semiconductor element;

an insulator disposed between the internal heat

* c L L S *
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radiator and the leads;

a resin package, the resin package sealing the
internal heat radiator and defining a portion of the internai
heat radiator as an exposed area;

~a solder layer disposed on the exposed area of the

internal heat radiator; and
_ an external heat radiator, the external heat
radiator being mounted on the internal heat radiator and
bonded to the solder layer, the external heat radiator being
bonded to the solder layer at a bonding area, wherein the
bonding area is attracted toward a central part of the exposed
area by a surface tension formed by melting the solder layer.
3. A resin seé]ing type semiconductor device compris-

ing:

a semiconductor é]ement;

an internal heat radiator, the semiconductor element
being mounted on an element placing surface of the internal
heat radiator; | -

a resin package, the resin package sealing the
internal heat radiator and defining a portion of the internal
heat radiator as an exposed area;

a solder layer disposed on the exposed area of the
internal heat radiator; and

an external heat radiator, the external heat
radiator being mounted on the internal heat radiator and
bonded to the solder tlayer, the external heat radiator being
bonded to the soldér layer at a bonding area, wherein the
bonding area is smaller than the exposed area.

4. A resin sealing type semiconductor device compris-

RN L
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a semiconductor element;

an internal heat radiator, the semiconductor element
being mounted on an element placing surface of the internal
heat radiator;

leads that are separated from the semiconductor
element;

wires electrically connecting the 1leads with
electrodes of the semiconductor element;

an insulator disposed between the internal heat
radiator and the leads;

a resin package, the resin package sealing the
internal heat }adiator and defining a portion of the internal
heat radiator as an exposed area;

a solder layer disposed on the exposed area of the

‘internal heat radiator; and

an external heat fadiator, the exterﬁal heat
radiator being mounted on the internal heat radiator and
bonded to the solder layer, the external heat radiator being
bonded to the solder layer at a bonding area, wherein the
bonding area is smaller than the exposed area.

5. The resin sealing type semicoqductor device_of claim

1, wherein the bonding-area is smaller than the exposed area
and the resin sealing type semiconductor device further
comprises: |

leads that are separated from the semiconductor
element;

wires electrically connecting the leads with

electrodes of the semiconductor element; and
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an insulator disposed between the internal heat
radiator and the leads.

6. The resin sealing type semiconductor device of claim
3, wherein the bonding area is attracted toward a central part
of the exposed area by a surface tension formed by melting the
solder layer and the resin sealing type semiconductor device
further comprises:

leads that are separated from the semiconductor
element;

wires electrically connecting the 1leads with
electrodes of the semiconductor element; and

an insulator disposed between the internal heat
radiator and the leads.

7. The resin sea]in§ type semiconductor device of any
one of claims 1 to 4, wherein a fillet of solder is formed by
the surface tension when the solder layer is melted, the
fillet is formed over a fillet area between the exposed area
and the bonding area, the bonding area is smaller than the
exposed area by the fillet area.

8. The resin sealing type semiconductor device of claim
7, wherein a shape of the exposed area is similar a shape of
the bonding area. . .

9. The resin sealing type semiconductor deQice of claim
8, further comprising an element receiver, the element
receiver being mounted on the internal heat radiator and the
semiconductor. element being mounted on an element placing
surface of the element receiver.

10. The resin seéling type semiconductor device of claim

1 or 3, further comprising:

AL
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leads that are separated from the semiconductor
element;

wifes electrically connecting the leads with
electrodes of the semiconductor element; and

an insulator disposed between the internal heat
radiator and the leads.

11. A method of making a resin sealing type semiconduc-

tor device comprising:

mounting leads on an internal heat radiator through
an insulator;

mounting a semiconductor element on an element
placing'surface of the internal heat radiator;

.@lectrically connecting the leads to electrodes of
the semiconductor element with wires;

sealing the internal heat radiator with a resin
package;

defining a portion of the internal heat radiator as
an exposed area using the resin package;

bonding the exbosed area of the 1internal heat
radiator to a bonding area of an external heat radiator using
a solder layer; and

melting the solder to -produce a surface tension, the
bonding area being attracted toward a central part of the
exposed area by the surface tension.

12. A method of making a resin sealing type semiconduc-

tor device comprising:

mounting leads on an internal heat radiator through
an insulator;

mounting a semiconductor element on an element

AR
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electrically connecting the leads to electrodes of
the semiconductor element with wires;

sealing the internal heat radiator with a resin
package;

defining a portion of the internal heat radiator as
an exposed area using the resin package; and |

bonding the exposed area of the internal heat

radiator to a bonding area of an external heat radiator using

‘" a solder layer, the bonding area being smaller than the

exposed area.

13. The method of making a resin sealing type
semiconductor device of claim 11 or 12, wherein before bonding
the exposed area of the internal heat radiator, the solder
layer is formed on each of the exposed and the bonding areas?

14. The method of making a resin sealing type
semiconductor device of claim 11 or 12, wherein before bonding
the exposed area of the internal heat radiator, the solder
layer is formed on the exposed area.

15. The method of making a -resin sealing type
semiconductor device of claim 14, wherein while melting the
solder, the solder layer is heated after heating the external
heat radiator to a temperature range of about 180 to 250°C.

16. The method of making a resin sealing type
semiconductor device of any one of claims 11 to t5, wherein
while melting the solderl the solder layer 1s heated after
heating the resin package tb a temperature range of about 100
to 200°C. |

17. The method of making a resin sealing (type
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mounting the semiconductor element on an element

receiver; and
fixing the element receiver on the internal heat
5 . radiator.

18. The method of making a resin sealing type
semiconductor device of claim 11, wherein the bonding area
is smaller than the exposed area.

19. The method of making a resin sealing type

10 semiconductor device of claim 12, further comprising melting
the solder to produce a surface tension, the bonding area
being attracted toward a central part of the exposed area by

the surface tension.
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ABSTRACT

A resin sealing type semiconductor device ‘includes an
internal heat radiator having an element placing surface, a
semiconductor element bonded to the element placing surface
and leads which are separated from the semiconductor element.
Wires electrically connect the leads to the electrodes of the
semiconductor element. An insulator is located between the
internal heat radiator and the leads. A resin package is
formed exposing an exposed area_of the internal heat radiétor.
A heat radiating fin is bonded to the exposed area of the
internal heat radiator by a solder layer therebetween. The
dimension S1 of the éxposed area is equal to or larger than
the dimension S2 of the bonding area of the heat radiating fin

and the solder layer.
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5™ brought into contact with the second sol der |ayer 70b. The first
sol der layer 70a is fused by the heat fromthe heat r,&é‘t—‘a‘Fﬁﬁg—TﬁT‘bﬂ—tv
formthe nolten sol der |ayer 74. The heat radiating fij BEBBASEMENT BiFkThe
surface of the nolten solder layer 74 has its protruding Ecgt'ggﬂ@ﬁ
substantially centrally 10 | ocat ed @ ltthe expose &0 e as discuslsed
. above with Fig. 5. The nolten solder layer 74 is cooled to tormthe solder
. layer 70. '
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Fimally, the lead frane, franmes and dam bars are cut off by conventlonal
means. The outer |eads externally extendi ng 15 f (ortFe—teat—fram R—Or
sol der plating are bent. The sem conduct ok VI ce 1U?|B?LAQEM;EI€ ITrE'
formed through the above series of oper atléns The mverﬁBoFEB
limted to the above enbodi ment, but may be applied i‘?ﬁ

nodi fi cati ons and changes. For e@g im]lar
. of the exposed and bondi ng areas 14a, '66 Gf 3




thé internal heat radiator and heat radiating fin 10, 60 may be changed to
any of various configurations. It is preferable that the exposed and -
bondi ng areas 14a, 66a are symetrical to each other ﬁ t-hﬁ-he.“-_um lor m

surface tension of the 25 nol ten sol der acting on e%ﬁw and
bondi ng areas 14a, 66a may be different in configuratiion fronYeaeh Ot hetl.
For *exanpl e, the exposed area 14a may be mgatiangul ar WMYA & 1 HE bone
'66a may be circul ar.

S FIG.5




Al"though t he above enbodi nent has been described as to REPLACENMENT
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‘eXposed and bonding areas 14a, 66a, a single solder layer 70 nay be forned
on one of the exposed and bondi ng areas 14a, 66a. It is preferable that the
sol der layer 70 is formed on 5 t he exposed area l4a [pT_tHe—Frteraa -f,t
radi ator 10 having a | arger dinension. i.s preferab
S1 of the exposed area 14a is |arger thaﬁ e’ di mensi g
area 66a. Nevertheless, in view of the accurate p05|t|oH

-----------

66b

-e

4a_

FI1G.8

. .I 64\:\ \uN/&




10"  heat—Tradiating—fin, {{hBHSEHEEIHADRE “YFF i nvention can be
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conflgura |ons e 1 nternal and ¢
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radlatlng fin my be nodified. The above enbodi nent has been described as
to the 20 sem conduct or el ement bei ng bonded direct | fTothe=isg
heat radi ator. However, the invention can be S|j'ﬁ§ﬂﬂA HMHN \
a structure that allows the sem conductor element to be4-onded qufﬂvé-
islands of the lead frame on one side, whj}g the interngl "Aat..radigt QtJ

bonded to the other side 25 of the sane |ead frane.
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ngure 9 il lustrates anot her enbodi nent of t he sem conduct or
devi ce constructed in accordance with the inventi on fF—Fgae—t0—
REPLAGEMENH SHEETe [ nal

il lustrates the semnm conductor device shown in Fig. ¢
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I'n Fig. 9, an external heat radiator 260 includes four
whi ch are separated from one anot her i i

such a case, nost of 5 :
be exposed to increase the entire area of é}ya ext er naFheat | LRG0 ‘
Thus, the external heat radiator 260 can]b or e effectively arr- S
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simlar to that of the external heat radiator 60 of Fig. 1. 10

heat radiation can be further inproved by bl acking the surface of the
external heat radiator 260. Hi gher |evelldfltadiationg
. darker col or surface. If the external heat radi

e TR

heat

al um num the blacking nmay be carried
Since it is difficult to adhere alumn
~that the bonding area of the external

@—poid. t t

at or
oxi di
ol dey,

Z|ng

ZBQPLME’QEQ?QI-@E i

The




e

radiator 260 that is bonded to the exposed ar ea-2i4a—ot—the=F¥
radiator 210 is previously plated with sol der thgepghctteneBHEET o

al heat
pl ati ng

process. Two kinds of processes 20 are congl dere 1$¥p ofh whet her
t he oxidization or the solder plating is carri D@&t:.?ffxl.sg.ﬁ...--- -t--+-hip sol der
I at or 260

plating is initially performed, the parts, of t
which will not be plated by solder is first covered with resist and then

the entire ABSTRACT

RESIN SEALING TYPE SEMICONDUCTOR DEVICE AND METHOD
OF MAKING THE SAME

o A resin sealing type semiconductor device includes an
internal heat radiatof having an element placing surface, a
semiconductor element bonded to the element placing surface

5 and leads which are separated from the semiconductor element.
Wires electrically connect the leads to the electrodes of the
semiconductor element. An insulator is located between the
internal heat radiator and the leads. A resin package is
formed exposing an exposed area of the internal heat radiator.

10 A heat radiating fin is bonded to the exposed area of the
internal heat radiator by a solder layer therebetween. The
dimension S1 of the exposed area is equal to or larger than
the dimension S2 of the bonding area of the heat radiating fin

and the solder layer.

Figure 1
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25 * external heat radiator 260 is plated wth FYHeR el Auddre |Ir esi st
has been renoved, the solder plated parts are cove GE&PFwé&éqg'f'awd t hen
bl agked through the oxidization. Such a process rf (t‘])%jrer&i _______ ps_ for
covering the external heat radiator 260 with resi o

_1_

RESIN SEALING TYPE SEMICONDUCTOR DEVICE
AND METHOD OF MAKING THE SAME
BACKGROUND OF THE INVENTION

1. Field of the Invention

5 . The invention relates to a semiconductor device with
external and internal heat radiators and a method of making
such a semiconductor device.

2. Description of Related Art

In recent years, semiconductor chips show a tendency to
10 have high integration and power dissipation and thus increase
the heating value. Packages for such semiconductor chips are
usually made of ceramics which are highly heat-resistant.
However, ceramic packages have some drawbacks. For example,
such packages make semiconductor devices too large, complicate
18 the production processes and increase the manufacturing cost.
Thus, to resolve the above drawbacks of ceramic packages,
resin sealing type packages have been proposed.
To provide high heat radiating properties in the resin
sealing type semiconductor devices, materials increasing the
20 thermal conductivity of a lead frame or sealing resin have
been under consideration. In terms of structure, modifying
the design of a lead frame and providing an additional heat
radiating member are also-under consideration. Furthermore,
it is now considered that the addition of a heat radiating
25 member for 1improving the heat radiating properties of the
package is extremely effective for Large Scale Integrated
circuits in which their power consumption is substantially
equal to two to three Watts per chip.

For example, JP 2-307251 discloses a technique in
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before the solder plating, the parts which are tojjbe ¢Ha1e re
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As shown in Fig. 13, the
semiconductor device comprises a semiconductor chip 3 which is
electrically connected to internal leads 2 through wires 4,
and a resin membér 1 which seals the chip 3, wires 4 and

5 . 1internal leads 2. An opening is partially formed in the resin
member 1. The opening leads to one side of the semiconductor
chip 3 and is filled with highly thermally conductive adhesive
5. The heat radiating fin 6 is formed on the surface of the
adhesive §.

10 The above semiconductor device increases heat radiating
properties since the heat radiating fin 6 is mounted on the
high heat conductive silicone resin adhesive 5. However, the
heat radiating fin 6 is separated from the semiconductor chip
3 by the resin material and the adhesive 5. Therefore,. the

15 prior art semiconductor device has slightly inferior heat
conductivity, and weak bonding of the metallic heat radiating
fin 6 to the resin adhesive 5 because they are made of
different materials.

SUMMARY OF THE INVENTION

20 An object of the invention is to provide a resin sealing
type semiconductor device which has increased heat radiating
properties, and which can bp adopfed to any high-power
semiconductor devices, and also to provide a method of making
such a semiconductor device. Thus, the invention provides a

25 resin 'sealing type semiconductor device comprising a
semiconductor element mounted on an internal heat radiator.
A resin package seals the internal heat radiator and defines
a portion of the internal heat radiator as an exposed area.

A solder layer is disposed on the exposed area of the internal



Such” a process only requires a single step of covédl hag, AdEe t GugaL
radi ator 260 with resist. As shown in Fig. 10, th gﬁf 'rﬁﬁwﬁf
D'é.diffeneptmtno

expqosed area 214a of the internal heat radiator 2
that of the exposed area 14a of the internal_heat
sem conductor device 100 of Fig. 1. The exposed area 214a is of such a

configuration that each of the four corners has a rounded recess for the
fol | owi ng reasofpgat radiator. An external heat radiator 1s bonded to the

solder layer at a bonding area and mounted on the internal

heat radiator. The exposed and bonding areas are’formed so

that the bonding area is attracted toward the central part of
the exposed area by the surface tension formed by the solder
layer when the solder layer is in a molten state.

In such an arrangement, the semiconductor element and
internal heat radiator which are main heat producing sources
are bonded together either directly or having element receiv-
10 ers such as lead frame islands therebetween. In addition, the

internal and external heat radiators are bonded together
sandwiching the solder layer 1in between. Therefore, the
arrangement can provide higher heat radiating effects. For
example, both the internal and external heat radiators may be

15 made af metal. Thus, all the heat radiating members bonded to
each other through the solder can provide high heat conductiv-
ity.

The exposed area of the internal heat radiator and the
bonding area of the external heat radiator are configured in

20 the aforementioned manner. The external heat radiator can be
automatically positioned through the surface tension of the
molten solder formed while bonding the external and internal
heat radiators. This ensures accurate and simple assembly of
the semiconductor device.

25 - The molten solder adheres to the exposed and bonding
areas under the molten solder’s surface tension (adhesion
between liquid and solid). The portions of the exposed and
bonding areas to which the molten solder adheres are then

attracted to each other under the surface tension (cohesive



In tthhe process of naking the semnm conductor devic
required that the internal heat radiator 210 is
area 214a in contact with the cavity wall of a
prevent the exposed area 214a from being cqwgred
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the surface of the molten solder layer. The external heat
radiator stops at a point where the surface tension substan-
tially uniformly acts on all the outer edges of the bonding
area. Thus, the external heat radiator can be automatically
positioned. '

The invention aliso provides a resin sealing type
semiconductor device comprising a semiconductor etement having
electrodes, an internal heat radiator having an element
placing sdrface for mounting the semiconductor element, and
leads separated from the semiconductor element. Wires
electrically connect the leads with the electrodes. An
insulator -is located between the internal heat radiator and
the leads. A resin package seals the internal heat rad{ator
and defines a portion of the internal heat radiator as an
exposed area. A solder layer is disposed on the exposed area
of the internal heat radiator. An external heat radiator is
bonded to the solder 1éyer at a bonding area and mounted on
the internal heat radiator. The exposed and bonding areas are
formed so that the bonding area is attracted toward the
central part of the exposed area by the surface tension formed
from melting the solder layer.

In addition to the aforementioned configuration of the
exposed and bonding areas, such an arrangement can improve the
heat radiating effects because the semiconductor element is
bonded directly to the internal heat radiator.

The invention further provides a resin sealing type
semiconductor device comprising a semiconductor element

mounted on an internal heat radiator. A resin package seals



wal | of the mold during the resin injection, sug
not be fornmed on the nolded article. If the ejeut%rp
contact with the exposed area 25 214a, a gaf willYGe Tory
cavity wall of the nold and the exposed area 214D iRy
penetration of the resin material. To avoid this pro-len1of resin
penetration, th ex osed area 214a, is forned .into the

af or ement i oned refihedn, head shatirtpf bBfedefiAgS| @ MY LA of the

internal heat radiator as an exposed area. A solder layer is

disposed on the exposed area of the internal heat.radiator.

An external heat radiator is bonded to the solder layer at a
5 . bonding area and mounted on the internal heat radiator. The

exposed aréa is'equal to or larger than the bonding area.

When the exposed area is equal to or larger than the
bonding area, it is possible to utilize the surface tension of
the molten solder formed by the bonding of external and

10 internal heat radiators so that the external heat radiator can
be automatically positioned.

The invention further provides a resin sealing type
semiconductor devibe comprising a semiconductor element having
electrodes, an internal heat radiator having an element

15 placing surface for mounting the semiconductor element, and
leads separated from the semiconductor element. Wires
electrically connect the leads with the electrodes. An
insulator is located between the internal heat radiator and
the leads. " A resin package seals the internal heat radiator

20 and defines a portion of the internal heat radiator as an
exposed area. A solder layer is disposed on the exposed area
of the internal heat radiator. An external heat radiator is
bonded to the solder layer at a bonding area and mounted on
the internal heat radfator. The exposed area is equal to or

25 larger than the bonding area.

It is preferred to improve the heat radiating effect by
bonding the semiconductor element directly to the internal
heat radiator.

It is desirable that the solder layer forms a fillet by
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the surface tension when melted and the exposed area is larger
than the bonding area by the area of the fillet projected onto
the exposed area. !

The fillet is formed by the surface tension of the molten
solder. More particularly, the fillet is formed by the
adhering force of the molten solder to the exposed and bonding
areas and the cohesive force of the molten solder.

The exposed and bonding areas are provided in the above
manner. Thus, it is possible to position and reproduce the
external heat radiator reliably, when it is bonded to the
internal heat radiator.

It is also desirable that the configuration of the
exposed area is similar té that of the bonding area.

Thus, it is possible to position the external heat
radiator accurately. The bonding area is disposed on the
center of the exposed area because the surface tension of the
molten solder acting on the center of the exposed area is
balanced at all the edges of the bonding area.

It is preferable that the resin sealing type semiconduc-
tor device of the invention further comprises an element
receiver. The é1ement receiver is mounted on the internal
heat radiator and has an element placing surface. The element
placing sufface is mounted on the semiconductor element for
indirectly fixing the semiconductor element to the internal
heat radiator.

The resin sealing type semiconductor device of the
invention 1s provided by a method comprising:

mounting a lead frame including leads on an internal heat

radiator through an insulator, mounting a semiconductor



rounded recesses. Therefore, it is not required[fode ernlne lrection
of the sem conductor device 200 even if a nol ded FFPh4%%§§@£?ﬁEﬁk par at ed
fromthe nold by using two ejector 5 pins. Injather xposed
area 214a can be rel eased fromthe ejector _pLns, "P W ifthes 'semi:tonduct or
device 200 is rotated fromthe position of Fig. 10 by 90 degrees Ot her

structures besid?s t he above structure are dlscltf q in JP 5-55410.
ement on the 1nternal heat jator and~ @ ectrically

connecting the leads to the electrodes of the semiconductor
element with wires;

molding a resin package for sealing the internal heat

5 radiator and defining a portion of the internal heat radiator

as an exposed area; '

bonding the exposed area of the internal heat radiator to
a bonding area of an external heat radiator through a solder
layer; and

10 heating and melting the solder layer so that the bonding
area is attracted toward the central part of the exposed area
by the surface tension built from the melted solder layer.

Furthermore, the resin sealing type semiconductor device
of the invention is provided by a method comprising:

15 mounting a lead frame including leads on an internal heat
radiator through an insulator, mounting a semiconductor
element on the 1internal heat radiator and electrically
connecting the leads to the electrodes of the semiconductor
element through wires;

20 molding a resin package for sealing the internal heat
radiator and defining a portion of the internal heat radiator
as an exposed area;

bonding the exposed area of the internal heat radiator to
a bonding area of an external heat radiator through a solder

25 layer; the exposed area being equal to or larger than the

bonding area;. and
heating and melting the solder layer so that the bonding
area is attracted toward the central part of the exposed area

by the surface tension built from the melted solder layer.



10 The external heat radiator 260 of FiEJ RE?LhQEﬁ:Ej\EQLﬁHE@TS
portions, but any nunber of disc portions may b usedad I ng gn the

heat~ di ssi pation that is required. Figures 11A tDD&&E.§€ﬂ§ﬁﬁﬂﬂﬁa|| show a -
process of nmounting an external heat radiatgr 366=howrwg=theee—disl 15
portions 362 on the exposed area 314a of a resin sealed I nternal heat

radiator 310. F@ferrlrm%éé%rﬁhgd 1%£ésétgzt é%gsgg ?hgaiégg% 15%Ctggegag11y

and reliably assemble the internal and external heat radiators
since the external heat radiator is automatically positioned
on the exposed area, by the molten solder bonding the internal
5 and external heat radiators.
The solder layer may be formed on at least one of the
~exposed and bonding areas of the internal and external heat
radiators. It is however preferable that the solder layer is
formed on each of the exposed and bonding areas. When the
10 solder layers are formed on both areas, it is possible to
solder the areas smoothly and obtain a desirable bonding.
When the solder layer is formed on one of the exposed and
bonding areas, it is desirable to form the solder layer on the
exposed area which is larger than the bonding area. In such
15 a case, the external heat radiator can be more easily
positioned through the surface tension of the molten solder.
When the amount of solder is sufficient, stable bonding is
provided.
In the above methods of the invention, it is desirable
20 that the solder layer is heated after heating the external
heat radiator to a temperature of about 180 to 250°C, and more
preferably about 180 to 200°C and heating the resin package
preferably to a temperature of about 100 to 200°C and more
preferably about 125 to 186°C. The external heat radiator and
25 resin package are previously heated to the above range of
temperatures, so that the solder can melt reliably and any
adverse effects on the semiconductor element and resin sealing
means due to rapid change of temperature may be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS




sol der layer 370 forned thereon by solder
particularly, the exposed area 314a is plated

sol der plating on which the solder layer 370 is for 11# shows an
external heat radiator 360 placed on the so}der Hhmgﬁpg7ghgng¥%

particularly, solder is plated on the bonding aFeE—366a- o LtIe externa
heat radiator 360 to form a saql der. Iatln%)mhlch Is i.n contact wth the
sol der 25 | ayer Hyp invention is described in detail with reference to

the following drawings, wherein:

Fig. 1 is a cross—sectional view of a semficonductor
device;

5 ' Fig. 2 1is a plan view of the semiconductor device as
taken along a 1ine II-II in Fig. 1;

Fig. 3 is an enlarged cross-section, of the bond inter-
face between an internal heat radiator and a heat radiating
fin in the semiconductor device shown in Fig. 1;

10 Fig. 4 illustrates the relationship between the exposed
area of the internal heat radiator and the bonding area of the
heat radiating fin in the semiconductor device of Fig. 1;

Fig. 5 illustrates the movement of the heat radiating fin
under the surface tension of a molten solder Tlayer;

15 Figs. 6A, 6B and 6C are cross-sections showing a process
of making the semiconductor device shown in Fig. 1;

Fig. 7 illustrates modified configurations of the exposed
and bonding areas of the internal heat radiator and heat
radiating fin;

20 Fig. 8 1is a cross-sectional view of a modified heat
radiating fin;

Fig. 9 illustrates another embodiment of the semiconduc-
tor device;

' Fig. 10 1llustrates the semiconductor device shown in
25 Fig. 9;

Figs. 11A-11E 1illustrate a process of mounting an
external heat radiator having three disc portions on the
exposed area of a resin sealed internal heat radiator;

Fig. 12 1ilustrates temperatures of the semiconductor



Aftér the external heat radiator 360 is placed défﬁ 314a
havi ng the sol der | ayer 370 therebetween, a res nnﬁﬁkﬂgﬁigﬂﬁ ated by
a heater 380, as shown in Fig. 11C. This heating pre\p@tMAsNRE aﬂa es to
t he resin package Dat e: 02 NAY 1996 o ' _

'device during the reflow step; and

Fig. 13 is a cross-sectional view of a co’nventional
semiconductor device which has a heat radiating fih.

DETAILED DESCRIPTION OF _THE PREFERRED EMBODIMENTS

. Preferred embodiments of the invention are described
below with reference to the drawings.

Figure 1 is a cross—-sectional view of a semiconductor
device 100 constructed in accordance with the invention and
Fig. 2 is a plan view of the semiconductor device taken along

10 a line II-II in Fig. {1,

The semiconductor device 100 comprises an internal heat
rédiator 10 and leads 32 disposed over a surface of the
internal heat radiator 10. An insulator 40 is disposed
between the leads 32 and the internal heat radiator 10. An

15 external heat radiator 60 is bonded to the internal heat
radiator 10 and a solder layer 70 is between the external and
the internal heat radiators. The external heat radiator 60 is
called “heat radiating fin 60" hereinafter.

The internal heat radiator 10 includes a base 12 and a

20 projection 14 having an exposed area 14a smaller than an
element placing surface 16 of the base 12. The projection 14
is substantially at the center of the base 12. The element
placing surface 16 of the base 12 is_on the side opposite to’
the projection 14. A semiconductor element 30 is bonded on

25 the substantially central part of the element placing surface
16 through an adhesive layer 36 such as silver paste or the
like. The top of the projection 14 is the exposed area 14a.

It is desirable that the internal heat radiator 10 1is

formed of a highly heat-conductive material such as copper,



-24- 350 caused by rapidly heating the nolten sol 3T s
preferable that the heating is perforned at about . LOWN li N
Fig. 11D, the external heat radiator 360 is then hgated re
rangi ng between about 180[err] and 5 200[ err] atrsi
fuse the solder layer 370. At this point,"itis p
package 350 continues to be heated by the heater 380.

aluminum, silver, gold or any one of alloys containing these

e that the resin

metals as chief components. From the viewpoint of economy, it
is particularly preferable that the internal heat radiator 10
is made of copper.

5 The leads 32 are separated from the semiconductor element
30 by a given distance, with the intermediate portion thereof
being supported by the insulator 40. Figure 2 shows that the
leads 32 are electrically connected to electrode pads 30a on
the semiconductor element 30 through bonding wires 34 such as

10 gold, silver or other wires.
As shown in Fig. 2, the insulator 40 is continuously
formed along the periphery of the element placing surface 16
of the internal heat radiator 10. The insulator 40 is an
electrical insulator and capable of supporting the leads 32.
15 The insulator 40 has sufficient thickness to ensure that a
space is provided between the internal heat radiator 10, the
tips of the leads 32 (inner leads) and wires 34 to minimize
deformation and deterioration caused by heat.
The insulator 40 may be formed of any one of insulation
20 resins such as polyimide resin, epoxy resin or the like. It
is also preferable that the insulator 40 i1s in the form of a
tape formed by any of the above resins. .
A resin package 50 is formed enciosing the semiconductor
element 30, the bonding wires 34, portions of the leads 32,
25 the 1insulator 40 and the internal heat radiator 14 but
exposing the exposed area 14a of the internal heat radiator
14.
The heat radiating fin 60 comprises a main body 64, a

plurality of protrusions 62 formed on the main body 64 at the
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a substrate after the solder supplied to the | eads
top and a protruding portion 66 formed on the main body 64 at

the base. The protrusions 66 facilitate specifying the area
of the heat radiating fin 60 to be bonded to the internal heat
radiator 10. The outer end face or bonding area 66a of the
protruding portion 66 is bonded to the exposed area t14a of the
internal heat radiator 10 through a solder layer 70. Figure
3 shows the enlarged bond interface between the internal heat
radiator 10 and the heat radiating fin 60. It is desirable
that the heat radiating fin 60 1is formed of a highly

heat-conductive material such as copper, aluminum, silver,

_gold, iron or any one of alloys containing these metals as

chief components. In the viewpoint of economy, it is particu-
larly preferable that the internal heat radiator 10 is made of
aluminum. ‘

In this embodiment, if the exposed area 14a of the
internal heat radiator 10 is an area S1, and the bonding area
66a of the protruding portion 66 of the heat radiating fin 60
is an area S2, then S1 > S2 a shown in Fig. 4. . The
configuration of the exposed area 14a is similar to that of
the bonding area 66a. In thisrémbodiment, the exposed and
bonding areas 14a, 66a are square. However, the configura-
tions of these areas are not limited to be square, but may be
of any other configuration such as circular and rectangular.

Since the bonding area 66a is smaller than the exposed
area 14a, the solder layer 70 is formed gradually thinner from
the periphery of the bonding area 66a toward the periphery of
the exposed area 14a, thereby forming a fillet 72, as shown in
Fig. 3. The following relationship holds:

L1 = L2 + 2 x L3
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is a cross—sectional length of the bonding area 66a;‘and L3 is
the width of the fillet 72. |

If such a relationship is considered from the viewpoint
of area, the area S1 of the exposed area 14a is set to be
larger than the area S2 of the bonding area 66a by an area §3
of the fillet 72 facing the exposed area 14a in the solder
layer 70, as shown in Fig. 4.

When the exposed area 14a of the internal heat radiator
10 and the bonding area 66a of the heat radiating fin 60 are
formed into the aforementioned configurations and dimensions,
the internal heat radiator and heat radiating fin 10, 60 can
be bonded to each other so that the bonding area 66a is
substantially centrally located on the exposed area t4a

without any positioning step, as shown in Fig. 4. Such an

~advantage will be described in detail with reference to Fig.

5.

In Fig. 5, a solid 1ine represents a state in which the
heat radiating fin 60 is shifted to the right from a predeter-
mined location, while a chain line indicates another state in
which the heat radiating fin 60 is properly bonded to the
internal heat radiator 10 at the predetermined location. When

tﬁe protruding portion 66 of the heat radiating fin 60 1is

first placed on the molten solder layer 74, the bonding area

66a adheres to the molten solder layer 74 under the molten
solder layer's surface tension. The surface tension is the
adhesive force between the molten solder layer 74 and the
bonding area 66a, In addition, a molten solder cohesive force

acts on the heat radiating fin 60, and attracts it toward the

enper at ur es
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B in Fig. 5. The surface tension moves the heat radiating fin

60 on the surface of the molten solder layer 74. ' The heat
radiating fin 60 stops at a point where the surface tension
substantially uniformly acts on all the outer edges of the
bonding area 66a.

The exposed area 14a of the internal heat radiator 10 and
the bonding area 66a of the heat radiating fin 60 are symmet-
rical and similar in configuration in this embodiment as
described. Therefore, the above point where the surface
tension substantially uniformly acts on all the peripheral
points of the bonding area 66a is a point where the center of
the exposed area 14a coincides with that of the bonding area
66a. In other words, the bonding area 66a would be centrally
disposed over the exposed area 14a. According to this
embodiment, therefore, the bonding area 66a can be automati-
cally positioned on and bonded to the substantially central
part of the exposed area 14a by utilizing the surface tension
of the molten solder layer 74.

The semiconductor device 100 having the above configura-

tion can provide a relatively high heat radiating effect by

bonding the internal heat radiator 10 to the semiconductor

element 30 which is a main heat source, and also by providing

the heat radiating fin 60 on the exposed area 14a. 1In other
words, the internal heat radiator 10 and heat radiating fin
60, which are formed of metal, can be bonded to each other by

soldering. The - heat conductivity of the 1internal heat
radiator 10 and the heat radiating fin 60 acting as one heat

radiating member 1is increased resulting in a more effective
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heat radiation. In addition, the solder layer bond between
the internal heat radiator and heat radiating fin 10 and 60
can be sufficiently increased to provide higher mechanical
strength.

If a cross-section of the internal heat radiator 10 has
an inverted T-shape, the surface area can be increased to
provide further improved heat radiation. Since it is possible

to increase the distance between the exposed area 14a and the

" element placing surface 16 on which the semiconductor element

30 is placed, the semiconductor element 30 can be prevented
from being degraded by any external matter such as gas or
moisture. |

In this embodiment the exposed and bonding areas 14a, 66a
are formed into the aforementioned configurations and dimen-
sions and also bonded to each other through the solder layer
70. Therefore, the heat radiating fin 60 can be automatically
positioned by utilizing the surface tensioh of the molten
solder, when they are to be bonded to each other. This
enables the assembly to be easy and reliable.

Figures 6A to 6C are cross-sectional views schematically
showing a fabrication process of the semiconductor device 100.
The semiconductor element 30 is first bonded to the element
placing surface 16 of the internal heat radiator 10 at a
predetermined position. The adhesive layer 36, such as silver
paste, is disposed between the semiconductor element 30 and
the element blacing surface 16, as shown 1n Fig. 6A. The
insulator 40 1s then disposed along the periphery of the
element placing surface 16 as shown in Fig. 2. The lead frame

38 including a plurality of leads 32 is then disposed on the
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pressurized and bonded together, by using any suitable
adhesive such as epoxy resin, so that the internal heat
radiator 10, insulator 40 and lead frame .38 are bonded
together into a unit.

The process and sequence for bonding the internal heat
radiator 10, semiconductor element 30, insulator 40 aﬁd Tead
frame 38 together is not limited to any particular technique.

The electrode pads 30a of the semiconductor element 30
are then electrically connected to the respective leads 32
through the wires 34 in a given wiring pattern.

As shown in Fig. 68, the resin package 50 is molded by a
conventiondl molding technique to form a complete package P.
At this point, the exposed area 14a of the internal heat
radiator 10 is left exposed from the resin package 50. More
particularly, the semi-assembly formed in the step of Fig. 6A
is set within a cavity under such a condition that the bottom
wall of a mold (not shown) is in contact with the exposed area
14a. The resin material is sealingly injected into the cavity
in such a way that the exposed area 14a will not be covered by
the resin package 50, and the exposed area 14a will be left
exposed.

If the internal heat radiator 10 is made of copper, the
exposed area 14a may be coated with a film of nickel or
solder. Thus, it is possible to prevent the formation of a
patina on the exposed area 14a, in spite of a time interval
between the processing steps.

A first solder layer 70a is then formed over the entire

exposed area 14a of the internal heat radiator 10. The film
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thickness of the first solder layer 70a 1s selected depending
on factors such as the required amount of molten solder and
the dimension of the bonding area 66a of the heatlradiating
fin 60.

If the exposed area 14a is coated with a nickel film, it
is preferable that a solder is plated over the exposed area
t4a through the electro-plating process, since it is difficult
to adhere solder to nickel. It is also preferable that the
solder plating is formed by the electro—b]ating process at the
same time when the leads 32 are plated with solder.

As shown in Fig. 6C, the heat radiating fin 60 is then
bonded to the internal heat radiator 10. In this step, a
second solder layer 70b is first formed on the bonding area
66a.

If the heat radiating fin 60 is formed of aluminum, it is
preferable that the second solder layer 70b is formed after
the bonding area 66a is previously plated with solder through
the electro-plating process, because the solder does not
adhere to aluminum. Alternatively, the bonding area 66a may
be coated with a metallic film containing an alloy such as
tin, silver, go]d or palladium which can mix with the solder.
In place of such a metallic film, the bonding area 66a may be
previously washed by ion plasma..

The heat radiating fin 60 is pre-heated preferably to
temperatures ranging from about 180 to 250°C, and more
preferably about 180 to 200°C, by any heating means (not
shown). It is desirable that such heating means also func-
tions as support means (handler) for detachably holding the

heat radiating fin 60, and for moving it from a given position
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to a bonding position. The lower temperature limit 180°C
substantially corresponds to the melt temperature of the
solder. If the temperature of the heat radiating fin 60 and
particularly its protruding portion 66 is lower than 180°C,
the solder cannot be sufficiently fused when the bonding is
carried out. The upper temperature 1imit 250°C is set based
on the thermal stress applied to the package P which is
obtained through the process shown in Fig. 68B. If the
temperature of the heat radiating fin 60 is higher than 250°C,
an excess thermal stress wiil be undesirably applied to the
semiconductor element 30 and resin package 50, when the heat
radiating fin 60 is brought into contact with the internal
heat radiator 10.

On the other hand, the resin package 50 is preferably
pre—-heated to temperatures ranging from about 100 to 200°C and
more preferably about 125 to 180°C. By pre-heating the resin
package 50, the thermal stress on the packége P can be
controlled when it is brought into contact with the heat
radiating fin 60 having a higher temperature. If the
pre-heating temperature 1is lower than about 100°C, the
temperature of the package P increases rapidly when it is
brought into contact with the heat radiating fin 60 having a
higher temperature and the thermal stress is insufficiently
controlled. A pre-heating temperature above about 200°C éives
an adverse effect on the semiconductor element 30.

According to the invention, since the heat radiating fin
60 1s positioned by the surface tension of the molten solder
layer 74, the above temperature range accounts for the surface-

tension of the molten solder layer 74 which is temperature
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dependent.

After pre-heating the heat radiating fin 60 and the resin
package 50, the heat radiating fin 60 is moved downward toward
the exposed area 14a so that the first solder layer 70a is
brought into contact with the second solder layer 70b. The
first solder layer 70a is fused by the heat from the heat
radiating fin 60 to form the molten solder layer 74. The heat
radiating fin 60 placed on the surface of the molten solder
layer 74 has its protruding portion 66 substantially centrally
located on the expoged area 14a as discussed above with Fig.
5. The molten solder layer 74 is cooled to form the solder
layer 70.

Finally, the lead frame, frames and dam bars are cut off
by conventional means. The outer leads externally extending
from the lead frame or solder plating are bent.

The semiconductor device 100 of this embodiment is formed
through the above seriés of operations. The invention is not
limited to the above embodiment, but may be applied in any of
various modifications and changes. For example, similar
configurations of the exposed and bonding areas 14a, 66a of
the internal heat radiator and heat radiating fin 10, 60 may
be changed to any of various configurations. It is preferable
that the exposed and bonding areas 14a, 66a are symmetrical to
each other in view of the unifbrm surface tension of the
molten solder acting on them. The exposed and bonding areas
14a, 66a may be different in configuration from each other.
For example, the exposed area 14a may be rectangular while the
bonding area 66a may be circular.

Although the above embodiment has been cdescribed as to
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resin package, the resin package sealing t I nternal heat radiator and

defining a portion of the internal heat radiator as an

the first and second solder layers 70a, 70b formed on the

exposed and bonding areas 14a, 66a, a single solder layer

70

may be formed on one of the exposed and bonding areas 14a,

66a. It is preferable that the solder layer 70 is formed

on

5 the exposed area 14a of the internal heat radiator 10 having

a larger dimension.

It is preferable that the dimension St of the exposed

area 14a is larger than the dimension S2 of the bonding area

66a. Nevertheless, in view of the accurate positioning of the

10 heat radiating fin, the object of the invention can

be

accomplished when these dimensions S1 and S2 are identical.

The configuration and dimensions of the internal and

external heat radiators are not limited to those in the above

embodiment. For example, the protruding portion 66 in the

15 heat radiating fin may be omitted. As shown in Fig. 8, the

solder layer 70C may be formed on define a bonding region

on

a flat surface. The shape of the projections forming the heat

radiating fin may be modified.

The above embodiment has been described as to the
20 semiconductor element being bonded directly to the internal
heat radiator. However, the invention can be similarly

applied to a structure that allows the semiconductor element

to be bonded to the islands of the lead frame on one side,

while the internal heat radiator is bonded to the other side

25 of the same lead frame.
Figure 9 illustrates another embodiment of the
semiconductor device constructed ih accordance with the
invention. Figure 10 i1llustrates the semiconductor device

shown 1n Fig. 9, without the external heat radiator.
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In Fig. 9, an external heat radiator 260 includes four
disc portions 262 which are separated from one another by a
given distance and centrally connected to one another through
a reduced-diameter column (not shown). In such a case, most of
the opposite sides of each disc portion 262 will be exposed to
increase the entire area of the external heat radiator 260.
Thus, the external heat radiator 260 can be more effectively
air-cooled. The material of the external heat radiator 260 is
similar to that of the external heat radiator 60 of Fig. 1.

The heat radiation can be further improved by blacking
the surface of the external heat radiator 260. Higher level

of radiation is emitted by a darker color surface. If the

‘external heat radiator 260 is formed of aluminum, the blacking

may be carried out by wet oxidizing the aluminum.

Since it is difficult to adhere aluminum to the solder,
it is preferable that the bonding area of the external heat
radiator 260 that is bonded to the exposed area 214a of the
internal heat radiator 210 is previously plated with solder
through the electro-plating process. Two kinds of processes
are considered depending on whether the oxidization or the
solder plating is carried out first.

If the solder plating is initially performed, the parts
of the external heat radiator 260 which will not be plated by

. solder 1is first covered with resist and then the entire

external heat radiator 260 is plated with solder. After the
resist has been removed, the solder plated parts are covered
with resist and then blacked through the oxidization. Such a
process requires two steps for covering the external heat

radiator 260 with resist.
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and an external heat radiator, the external heat{iradi at ? p@%ngg§DU1ted on
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the bonding area is smaller than the exposed area. 3. The resin sealing
type seni conductor device of claim1, wher@iZi the

If oxidization is carried out before the solder plating,
the parts which are to be solder plated are covered with
resist before the external heat radiator 260 is blacked.
Then, the resist is removed and the unblacked parts of‘the

5 . external heat radiator 260 are finally plated with solder.
Such a process only requires a single step of covering the
external heat radiator 260 with resist.

As shown in Fig. 10, the configuration of the exposed
area 214a of the internal heat radiator 210 is different from

10 that of the exbosed area 14a of the internal heat radiator 10
in the semiconductor device 100 of Fig. 1. The exposed area
214a is of such a configuration that each of the four corners
has a rounded recess for the following reason.

In the process of making the semiconductor device 200, it

15 = is required that the internal heat radiator 210 is disposed
with its exposed area 214a in contact with the cavity wall of
a mold to be used, so as to prevent the exposed area 214a from
being covered with resin, as in the semiconductor device 100.
In the resin molding step, a molded article is separated from

20 the mold by outwardly pushing an ejector pin from the mold.
The ejector pin slightly extends outwardly from the cavity
wall of the mold during the resin injection, such that any
convex part will not be formed on the molded article. 1If the
ejector pin is brought into contact with the exposed area

25 214a, a gap will be formed between the cavity wall of the mold
and the exposed area 214a, resulting the penetration of the
resin material. To avoid this problem of resin penetration,
the exposed area 214a 1s formed into the aforementioned

configuration, as shown by broken line in Fig. 10.
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surface tension formed by nmelting the solder Jlayer(gh{Ah#@8§esi i seal i ng
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seni conduct or devi ca1af thayfourecofnetiofstle square exposed area 214a have
rounded recesses. Therefore, it is not required to determine
the direction of the semiconductor device 200 even if a molded
article is to be separated from the mold by using two ejector
5 pins. 1In other words, the exposed area 214a can be released
from the ejector pins, even if the semiconductor device 200 is
rotated from the position of Fig. 10 by 90 degrees. Other
structures besides the above structure are disclosed in JP
5-55410.

10 The external heat radiator 260 of Fig. 9 have four disc
portions, but any number of disc portions may be used depend-
ing on the heat dissipation that is required.

Figures 11A to 11E schematically show a process of
mounting an external heat radiator 360 having three disc

15 portions 362 on the exposed area 314a of a resin seé1ed
internal heat radiator 310.

Referring to Fig. 11A, the exposed area 314a includes a
solder layer 370 formed thereon by solder paste. More
particularly, the exposed area 314a is plated with solder to

20 form a solder plating on which the solder layer 370 is formed.

Figure 11B shows an external heat radiator 360 placed on
the solder layer 370. More particularly, solder is plated on
the bonding area 366a of the external heat radiator 360 fo
form a solder plating which is in contact with the solder

25 layer 370.

After the external heat radiator 360 1s placed on the
exposed area 3i14a having the solder layer 370 therebetween, a
resin package 350 is heated by a heater 380, as shown in Fig.

11C. This heating prevents any damages to the resin package
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is preferable that the heating is performed at abqut 125°C.
As shown in Fig. 11D, the external heat radiétor 360 is
then heated to a temperature ranging between about 180°C and
S . 200°C by another heater 390 to fuse the solder layer 370. At
‘this point, it 1is preferable that the resin package 350
continues to be heated by the heater 380.
When the solder Tayer 370 is fused, the bonding area 366a
of the external heat radiator 360 is attracted toward the
10 central part of the exposed area 314a through the surface
tension of the molten solder, resulting in a state as shown in
Fig. 11E.
Thus, the semiconductor device 300 is produced through
the above steps. The semiconductor device 300 is mounted on
15 a substrate after the solder supplied to the leads through the
reflow step has been fused.
Figure 12 is a graph showing the temperatures of the
'semiconductor device 300 during the reflow step. In this
graph, the maximum temperature of the leads is 245°C. 1If the
20 semiconductor device does not have an external heat radiator,
the surface of the resin package also becomes equal to about
the same temperature. On the other hand, the semiconductor
device 300 of this embodiment  1imits the maximum temperature
of the resin package 350 to about 170°C. This temperature is
25 obtained by cooling the resin package 350 through the external
heat radiator 360. The solder 1tlayer 370, adhering the
external heat radiator 360 to the internal heat radiator 310,
will not fuse unless the temperature reaches about 180°C.

Therefore, the solder layer 370 will not fuse when the maximum
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temperature at the resin package 350 is 170°C. The external
heat radiator 360 will not be separated from the internal heat
radiator 310. Thus, this embodiment can provide superior
effects also in the adhesion of the external heat radiator
360.

While this invention has been described in conjunctiqn
with specific embodiments thereof, it is evident that many
alternatives, modifications and variations will be apbareht to
those skilled in the art. Accordingly, the preferred
embodiments of the invention as set forth herein are intended
to be illustrative, not Timiting. Various changes may be made
without departing from the spirit and scope of the invention

as defined-in the following claims.
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WHAT IS CLAIMED IS: — i
1. A resin sealing type semiconductor device compris-—

ing:

a semiconductor element; _

an internal heat radiator, the semiconductor element
being mounted on an element placing surface of the internal
heat radiator;

a resin package, the resin package sealing the
internal heat radiator and defining a portion of the internal
heat radiator as an exposed area;

a solder layer disposed on the exposed area of the
internal heat radiator; and

an external heat radiator, the external heat
radiator being mounted on the internal heat radiator and
bonded to the solder layer, the external heat radiator being
bonded to the solder layer at a bonding area, wherein the
bonding area is attracted toward a central part of the exposed
area by a surface tension formed by melting the solder layer.

2. A resin sealing type semiconductor device compris-
ing:

a semiconductor element;

an internal heat radiator, the semiconductor eiement
being mounted on an element placing surface of the internal
heat radiator;

leads that are separated from the semiconductor
element;

wires electrically connecting the leads with
electrodes of the semiconductor element;

an insulator disposed between the internal heat

T ¢ L mo0s  *
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a resin package, the resin package sealing the

internal heat radiator and defining a portion of the internal
heat radiator as an exposed area;
5 . a solder layer disposed on the exposed area of the
internal heat radiator; and
an external heat radiator, the external heat
radiator being mounted on the internal heat radiator and
bonded to the solder layer, the external heat radiator being
10 bonded to the solder layer at a bonding area, wherein the
bonding area is attracted toward a central part of the exposed
area by a surface tension formed by melting the solder layer.
3. A resin sealing type semiconductor device compris-
ing:
15 a semiconductor element;
an internal heat radiator, the semiconductor element
being mountéd on an element placing surface of the internal
heat radiator;
a resin package, the resin package sealing the
20 internal heat radiator and defining a portion of the internal
heat radiator as an exposed area;
a solder layer disposed on the exposed area of the
internal heat radiator; and
an extérnal heat radiator, the external heat
25 radiator being mounted on the internal heat radiator and
bonded to the solder layer, the external heat radiator being
bonded to the solder layer at a bonding area, wherein the
bonding area is smaller than the exposed area.

4, A resin sealing type semiconductor device compris-

* [ L M H *
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a semiconductor element;
an internal heat radiator, the semiconductor element
being mounted on an element placing surface of the internal
5 heat radiator;
leads that are separated from the semiconductor
element;

wires electrically connecting the 1leads with
electrodes of the semiconductor element;

10 an insulator disposed between the internal heat
radiator and the leads;

a resin package, the resin package sealing the
internal heat radiator and defining a portion of the internal
heat radiator as an exposed area;

15 a solder layer disposed on the exposed area of the
internal heat radiator; and

an external heat radiator,- the external heat
radiator being mounted on the internal heat radiator and
bonded to the solder layer, the external heat radiator being

20 bonded to the solder layer at a bonding area, wherein the
bonding area is smaller than the exposed area.
5. The resin sealing type semiconductor device of claim
1, wherein the bending area is smaller than the exposed area
and the resin sealing type semiconductor device further
25 comprises:

leads that are separated from the semiconductor
element;

wires electrically connecting the leads with

electrodes of the semiconductor element; and

* c L M H *
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radiator and the leads.
6. The resin sealing type semiconductor device of claim
3, wherein the bonding area is attracted toward a central part
5 of the exposed area by a surface tension formed by melting the
solder layer and the resin sealing type semiconductor device
further comprises:
leads that are separated from the semiconductor
element;

10 wires electrically connecting the 1leads with

electrodes of the semiconductor element; and
an insulator disposed between the internal heat
radiator and the leads.
7. The resin sea]iné type semiconductor device of any

15 one of claims 1 to 4, wherein a fillet of solder is formed by
the surface tension when the solder layer is melted, the
fillet is formed over a fillet area between the exposed area
and the bonding area, the bonding area is smaller than the
exposed area by the fillet area.

20 8. The resin sealing type semiconductor device of claim
7, wherein a shape of the exposed area is similar a shape of
the bonding area.

9. The resin sealing type semiconductor device of claim
8, further comprising an element receiver, the element

25 receiver being mounted on the internal heat radiator and the
semiconductor element being mounted on an element placing
surface of the element receiver.

10. The resin sealing type semiconductor device of clafm

t or 3, further comprising:

———
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leads that are separated from the sem1conductor
element; ,
wires electrically connecting the ieads with
electrodes of the semiconductor element; and
5, an insulator disposed between the internal heat
radiator and the leads.
11. A method of making a resin sealing type semiconduc-
tor device comprising:
mounting leads on an internal heat radiator through
10 an insulator;
mounting a semiconductor element on an element
placing surface of the internal heat radiator;
.electrically connecting the leads to electrodes of
the semiconductor element with wires;
15 sealing the internal heat radiator with a resin
package;
defining a portion of the internal heat radiator as
an exposed area using the resin package;
bonding the exposed area of the internal heat
20 radiator to a bonding area of an external heat radiator using
a solder layer; and
melting the solder to produce a surface tension, the
bonding area being attracted toward a central part of the
exposed area by the surface tension.
25 12. A method of making a resin sealing type semiconduc-
.. -tor device comprising:
mounting leads on an internal heat radiator through
an insulator;

mounting a semiconductor element on an element

N
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placing surface of the internal heat radiator;

electrically connecting the leads to electrodes of
the semiconductor element with wires;

sealing the internal heat radiator with a resin

5 . package;

defining a portion of the internal heat radiator as
an exposed area using the resin package; and

bonding the exposed area of the internal heat
radiator to a bonding area of an external heat radiator using

10 " a solder layer, the bonding area being smaller than the.
exposed area.

13. The method of making a resin sealing type
semiconductor device of claim 11 or iz, wherein before bonding
the exposed area of the internal heat radiator, the solder

15 layer is formed on each of the exposed and the bonding areas.

14. The method of making a resin sealing type
semiconductor device of claim 1i or 12, wherein before bonding
the exposed area of the internal heat radiator, the solder
layer is formed on the exposed area.

20 15. The method of making a resin sealing type
semiconductor device of claim 14, wherein while melting the
solder, the solder layer is heated after heating the external
heat radiator to a temperature range of about 180 to 250°C.

" 16. The method of making a resin sealing type

25 semiconductor device of any one of claims 11 to 15, wherein
while melting the solderl the solder layer is heated after
heating the resin package to a temperature range of about 100
to 200°C.

17. The method of making a resin sealing type

N O



11.7 A nfmggag, s BERkGk r esfiC.Scal i ) i C i ;

conpri si 18k BRI egds 0 nré'ﬁglg Ei@ﬁ%p%eeiﬁr iFEPSACEMEDT 2T

I nsal at o[ﬂﬂmm,m!w IFem co Sary) eI e t2 % C§ syyrface
of the i adi ator; electrically conn Peieg--+- ea Lo

el ectrodes of the sen1conductor el enent WiSEh wires:

semiconductor devjce of claim 16, further comprising:
mounting the semiconductor element on an element
receiver; and !
fixing the element receiver on the internal heat
5 radiator.

18. The method of making a resin sealing type
semiconductor device of claim 11, wherein the bonding area
is smaller than the exposed area.

19. The method of making a resin sealing type

10 semiconductor device of claim 12, further comprising melting
the solder to produce a surface tension, the bonding area
being attracted toward a central part of the exposed area by

the surface tension.

ORI
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ABSTRACT

RESIN SEALING TYPE SEMICONDUCTOR DEVICE AND METHOD
OF MAKING THE SAME

A resin sealing type semiconductor device includes an

internal heat radiator having an element placing surface, a
semiconductor element bonded to the element placing surface

5 and leads which are separated from the semiconductor element.
Wires electrically connect the leads to the electrodes of the
semiconductor element. An insulator is located between the
internal heat radiator and the leads. A resin package is
formed exposing an exposed area of the internal heat radiator.

10 A heat radiating fin is bonded to the exposed area of the
internal heat radiator by a solder layer therebetween. The
dimension S1 of the exposed area is equal to or larger than

the dimension S2 of the bonding area of the heat radiating fin

and the solder laver.

Figure 1
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WHAT IS CLAIMED IS:

1. A resin sealing type semiconductor device comprising:

a semiconductor element;

an internal heat radiator, the semiconductor element
being mounted on an element placing surface of the
internal heat radiator;

a resin package, the resin package sealing the
internal heat radiator and defining a portion of the
internal heat radiator as an exposed area;

a solder laver disposed on the exposed area of the
internal heat radiator; and

an external heat radiator, the external heat
radiator being mounted on the internal heat radiator and
bonded to the solder layer, the external heat radiator
being bonded to the solder layer at a bonding area,

wherein the bonding area is equal to the exposed area.

2. A resin sealing type semiconductor device comprising:

a semiconductor element;

an internal heat radiator, the semiconductor element
being mounted on an element placing surface of the
internal heat radiator;

leads that are separated from the semiconductor
element; ' _

wires electrically connecting the leads with
electrodes of the semiconductor element;

an insulator disposed between the internal heat
radiator and the leads;

a resin package, the resin package sealing the
internal heat radiator and defining a portion of the

internal heat radiator as an exposed area;

* [ L M S *
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a solder layer disposed on the exposed area of the
internal heet radiator; and

an external heat radiator, the external heat
radiator being mounted on the internal heat radiator and
bonded to the solder layer, the external heat radiator
being bonded to the _solder layer at a bonding area,

wherein the bonding area is equal to the exposed area.

A resin sealing tYpe semiconductor device comprising:

a semiconductor element;

an internal heat radiator, the semiconductor element
being mounted on an element placing surface of the
internal heat radiator;

a resin package, the resin package sealing the
internal heat radiator and defining a portion of the
internal heat radiator as an exposed area;

a solder leyer disposed on the exposed area of the
internal heat radiator; and

an external heat radiator, the external heat
radiator being mounted on the internal heat radiator and
bonded to the solder layer, the external heat radiator
being bonded to the solder layer at a bonding area,
wherein the bonding area is smaller than the exposed

area.

A resin sealing type semiconductor device comprising:

a semiconductor element;

an internal heat radiator, the semiconductor element
belng mounted on an element placing surface of the
internal heat radiator; |

leads that are separated from the semiconductor

element;

—_—
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wires electrically connecting the leads with
electrodes of the semiconductor element;

an insulater disposed between the internal heat
radiator and the leads;

a resin package, the resin package sealing the
internal heat radiator and defining a portion of the
internal heat radiator as an exposed area;

a solder layer disposed on the exposed area of the
1nterna1 heat radiator; and _

an external heat radiator, the external heat
radiator being mounted on the internal heat radiator and
bonded to the solder layer, the external heat radiator
being bonded to the solder layer at a bonding area,
wherein the bonding area is smaller than the exposed

area.

The resin sealing type semiconductor device of c¢claim 1,
wherein the bonding area is smalier than the exposed area
and the resin sealing type semiconductor device further
comprises: '

leads that are separated from the semiconductor
element; -

wires electrically | connecting the leads with
electrodes of the semiconductor element; and

an insulator disposed between the internal heat

radiator and the leads.

The resin sealing type semiconductor device of claim 3,
wherein the bonding area is attracted toward a central
part of the exposed area by a surface tension formed by
melting the solder layer and the resin further comprises:

leads that are separated from the semiconductor

sealing type semiconductor device element;

* c L M S *
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wherein while

wires electrically connecting the 1leads with

electrodes of the semiconductor element; and
an insulator disposed between the internal heat radiator

and the leads.

7. The resin sealing type semiconductor device of any one of
claims 1 to 4, wherein a fillet of solder is formed by
the surface tension when the solder layer is melted, the
fillet is formed over a fillet area between fhe exposed
area and the bonding area, the.bonding area is smaller

than the exposed area by the fillet area.

8. The resin sealing type semiconductor device of claim 7,
wherein a shape of the exposed area is similar a shape of

the bonding area.

9. The resin sealing type semiconductor device of claim 8,
further comprising an element receiver, the element
receiver being mounted on- the internal heat radiator and
the semiconductor element being mounted on an element

placing surface of the element receiver.

10. The resin sealing type semiconductor device of claim 1
or 3, further comprising:
leads that are separated from the semiconductor
element;
wires electrically connecting the leads with
electrodes of the semiconductor element; and an insulator
disposed between the internal heat radiator and the

leads.
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A method of making a resin sealing type semiconductor
device comprising: |

mounting leads on an internal heat radiator through
an insulator;

mounting a semiconductor element on an element
placing surface of the internal heat radiator;

electrically connecting the leads to electrodes of
the semiconductor element with wires;

sealing the internal heat radiator with a resin
package;

defining a portion of the internal heat radiator as
an exposed area using the resin package;
| disposing an external heat radiator on the internal
heat radiator with a solder layer sandwiched between the
bonding area and the exposed area, the external heat
radiator being supported only by the solder layer; and

melting the solder to produce a surface tension, the
bonding area being attracted toward a central part of the

exposed area by the surface tension.

A method of making a resin sealing type semiconductor
device comprising:

mounting leads on an internal heat radiator through
an insulator; "

mounting a semiconductor element on an element
placing surface of the internal heat radiator;

electrically connecting the leads to electrodes of
the semiconductor element with wires;

sealing the internal heat radiator with a resin
package;

defining a portion of the internal heat radiator as

an exposed area using the resin package; and
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bonding the exposed area of the internal heat

radiator to a bonding area of an external heat radiator

- using a solder layer, the bonding area being smaller than

the exposed area.

The method of making a resin sealing type semiconductor
device of claim 11 or 12, wherein before bonding' the
exposed area of the internal heat radiator, the solder
layer is forméd on each of the exposed and the bonding
areas.

The method of making a resin sealing type semiconductor
device of claim 11 or 12,' wherein before bonding the
exposed area of the internal heat radiator, the solder

layer is formed on the exposed area;

The method of making a resin sealing type semiconductor
device of claim 14, wherein while melting the solder, the
solder layer is heated after heating the external heat

radiator to a temperature range of about 180° to 250° C.

The method of making a resin sealing type semicqonductor
device of any one of claims 11 tb 15, wherein while
melting the solder, the solder layer is heated after
heating the resin package to a temperature range of about
100° to 200° C.

The method of making ; resin sealing type 4. The method
of making semiconductor device of claim 16, further
comprising:

"mounting the semiconductor element on an element

receiver; and

Tk c L M s *
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melting the solder to produce a surface 329n5| on, the bondi ng area being

fixing the element receiver on the internal heat

radiator.

18. The method of making a resin sealing type semi- conductor
device of claim 11, wherein the bonding area is smaller

than the exposed area.

19. The method of making a resin sealing type semiconductor
device of claim 12,.further/comprising melting the solder
to produce a surface tension, the bonding area being
attracted toward a central part of the exposed area by

the surface tension.

—_—
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WHAT IS CLAIMED IS:

1. A resin Sealing type semiconductor device comprising:

a semiconductor element; .

an internal heat radiator, the semiconductor element being
mounted on an element placing surface of the internal heat radiator;

a resin package, the fesin package sealing the internal heat
radiator and defining a portion of the internal heat radiator as an
exposed area;

a solder layer disposed on the exposed area of the internal heat
radiator; and

an external heat radiator, the external heat radiator being
mounted on the internal heat radiator and bonded to the solder layer,
the external heat radiator being bonded to the solder layer at a
bonding area, wherein the bonding area- is smaller than the exposed

area.

2. A resin sealing type semiconductor device comprising:
a semiconductor element;
an internal heat radiator, the semiconductor element being
mounted on an element placing surface of the internal heat radiator;
leads that are separated from the semiconductor element;
- wires electrically connecting the leads with electrodes of the
semiconductor element;
an insulator disposed between the internal heat radiator and
the leads;
a resin package, the resin package sealing the internal heat
radiator and defining a portion of the internal heat radiator as an

exposed area;

(AN
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a solder layer disposed on the exposed area of the int;:mal heat
radiator; and
" an external heat radiator, the external heat radiator being
mounted on the internal heat radiator and
bonded to the solder layer, the external heat radiator being bonded to
the solder layer at a bonding area, wherein the bonding area is

smaller than the exposed area.

The resin sealing type semiconduétor device of claim 1, wherein the
bonding area is attracted toward a central part of the exposed area by
a surface tension formed by melting the solder layer and the resin
sealing type semiconductor device further comprises:

leads that are separated from the semiconductor element;

wires electrically éonnecting the leads with electrodes of the
semiconductor element; and an insulator disposed between the

internal heat radiator and the leads.

The resin sealing type semiconductor device of any one of claims 1
and 2, wherein a fillet of solder is formed by the surface tension when
the solder layer is melted, the fillet is formed over a fillet area between
the exposed area and the bonding area, the bonding area is smaller

than the exposed area by the fillet area.

The resin sealing type semiconductor device of claim 4, wherein a

shape of the exposed area is similar a shape of the bonding area.

The resin sealing type semiconductor device of claim 5, further
comprising an element receiver, the element receiver being mounted
on the internal heat radiator and the semiconductor element being

mounted on an element placing surface of the element receiver.

* c L M S *



10.

REPLACEMENT SHEET

28 Date : 13 OCT 1

——

A method of making a resin sealing type semiconductor device
comprising:

mounting leads on an internal heat radiator through an
insulator;

mounting a semiconductor element on an element placing
surface of the internal heat radiator;

electrically connecting the leads to electrodes of the
semiconductor element with w1res,

sealing the internal heat radiator with a resin package;

defining a portion of the internal heat radiator as an exposed
area using the resin package; and

bonding the exposed area of the internal heat radiator to a
bonding area of an external heat radiator using a solder layer, the

bonding area being smaller than the exposed area.

The method of making a resin sealing type semiconductor device of
claim 7, wherein before bonding the exposed area of the internal heat
radiator, the solder layer is formed on each of the exposed and the

bonding areas.

The method of making a resin sealing type semiconductor device of

claim 7, wherein before bonding the exposed area of the internal heat

- radiator, the solder layer is formed on the exposed area.

The method of making a resin sealing type semiconductor device of
claim 9, wherein While melting the solder, the solder layer is heated
é.fter heating the external heat radiator to a temperature range of
about 1800 to 250° C.

A
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The method of making a resin sealing type semiconductor device of
any one of claims 7 to 9, wherein while melting the solder, the solder
layer is heated after heating the resin package to a temperature range
of about 1000 to 200° C.

The method of making semiconductor device of claim 11, further
comprising:

mounting the semiconductor element on an element receiver;
and

fixing the element receiver on the internal heat radiator.

The method of making a resin sealing type semiconductor device of
any one of claims 7, 8, 9 and 11, further comprising melting the
solder to produce a surface tension, the bonding area being attracted

toward a central part of the exposed area by the surface tension.

L



