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FIG. 1 
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FIG. 2A 
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FIG. 3 
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SEMCONDUCTOR DEVICE MOUNT STRUCTURE 
HAVING HEAT DISSPATING MEMBER FOR 
DSSPATING HEAT GENERATED FROM 

SEMCONDUCTOR DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is based on and incorporates 
herein by reference Japanese Patent Application No. 2000 
148459 filed on May 19, 2000. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a semiconductor 
device mount Structure in which a Semiconductor device is 
mounted to a heat dissipating member. 
0004 2. Description of Related Art 
0005 One previously proposed semiconductor device 
mount structure is schematically shown in FIG. 5. A semi 
conductor device 20 is constructed as a package in which a 
semiconductor chip 21, such as a power MOSFET, that 
generates Substantial heat upon operation thereof is encap 
Sulated within a resin encapsulating material through a 
molding process. A heat dissipating member (fins) 10 is 
made of a highly heat conductive material, Such as copper or 
aluminum. The Semiconductor device 20 is Secured to a 
mounting Surface of the heat dissipating member 10 by a 
Screw 100. Leads 22 extend out from the Semiconductor 
device 20 and are electrically connected to a printed circuit 
board (not shown). 
0006 An interface member 30, such as a heat conductive 
grease material or a heat conductive sheet material, is placed 
between the semiconductor device 20 and the heat dissipat 
ing member 10. Heat generated from the Semiconductor chip 
21 is conducted to the heat dissipating member 10 through 
the interface member 30. Then, the heat conducted to the 
heat dissipating member 10 is dissipated from the heat 
dissipating member 10, for instance, into the atmosphere. 
0007 Since the semiconductor device 20 is secured to the 
heat dissipating member 10 by the screw 100, the heat 
dissipating property is greatly influenced by a type of 
material used for the heat dissipating member 10, a flatneSS 
of the mounting Surface of the heat dissipating member 10, 
a screw torque of the screw 100 or the like. Thus, it is 
difficult to achieve a stable good heat dissipating property 
(low heat resistance). 
0008 That is, as shown in FIG. 6, the screw 100 is not 
located right above the heat Source (mainly the Semicon 
ductor chip 21) to bias the heat Source against the heat 
dissipating member 10. Thus, when the screw 100 is tight 
ened, a bottom side of the semiconductor device 20 below 
the heat Source can be lifted from the heat dissipating 
member 10, so that the heat resistance between the semi 
conductor device 20 and the heat dissipating member 10 is 
increased. 

0009 Furthermore, in such a mount structure using the 
screw 100 for securing the semiconductor device 20, the 
contact between the semiconductor device 20 and the heat 
dissipating member 10 is greatly influenced by the flatneSS 
of the mounting Surface of the heat dissipating member 10. 
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In addition, if the heat dissipating member 10 is made of a 
Soft material, Such as copper, the tightening of the Screw 100 
may cause deformation of the mounting Surface of the heat 
dissipating member 10. Thus, the bottom side of the semi 
conductor device 20 below the heat source may be lifted or 
Spaced from the heat dissipating member 10. 
0010 Also, in the mount structure shown in FIG. 5, the 
circuit board (not shown) to which the leads 22 are con 
nected is arranged above the Semiconductor device 20. Thus, 
the Semiconductor device 20 mounted to the heat dissipating 
member 10 is positioned between the heat dissipating mem 
ber 10 and the circuit board. As a result, the heat dissipated 
from the semiconductor device 20 may affect the perfor 
mance of the circuit board. 

SUMMARY OF THE INVENTION 

0011. The present invention addresses the above disad 
Vantages. Accordingly, it is an objective of the present 
invention to provide a Semiconductor device mount Structure 
that achieves Stable effective heat dissipating property and 
restrains influences of heat radiated from a Semiconductor 
device on a circuit board arranged above the Semiconductor 
device. 

0012 To achieve the objective of the present invention, 
there is provided a Semiconductor device mount Structure 
including a heat dissipating member, a circuit board, a 
Semiconductor device and a leaf Spring member. The heat 
dissipating member has a mounting Surface. The circuit 
board is opposed to the mounting Surface of the heat 
dissipating member. The Semiconductor device is mounted 
to the mounting Surface of the heat dissipating member. The 
Semiconductor device is electrically connected to the circuit 
board. The leaf Spring member is arranged between the 
Semiconductor device and the circuit board in Such a manner 
that the leaf Spring member biases the Semiconductor device 
against the mounting Surface of the heat dissipating member. 
The leaf Spring member has a heat insulating material 
integrated on one side thereof which faces the circuit board. 
0013 The semiconductor device may includes a heat 
generating element, such as a power MOSFET. The leaf 
Spring member may resiliently contacting the Semiconductor 
device on a portion of a Surface of the Semiconductor device, 
which is located along a line that extends perpendicular to 
the mounting Surface of the heat dissipating member and 
that passes through the heat generating element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014. The present invention will be described by way of 
exemplary embodiments, but not limitations, illustrated in 
the accompanying drawings in which like references denote 
Similar elements, and in which: 
0015 FIG. 1 is a schematic cross-sectional view of a 
Semiconductor device mount Structure according to a first 
embodiment of the present invention; 
0016 FIG. 2A is a schematic perspective view of a 
double layered plate material of a leaf Spring member 
according to the first embodiment right after a die-cutting 
proceSS, 

0017 FIG. 2B is a schematic perspective view of the 
double layered plate material of the leaf Spring member 
according to the first embodiment after a bending process, 
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0.018 FIG. 3 is a schematic cross-sectional view of a 
Semiconductor device mount Structure according to a Second 
embodiment of the present invention; 
0.019 FIG. 4A is a schematic perspective view of a 
double layered plate material of a leaf Spring member 
according to the Second embodiment right after a die-cutting 
proceSS, 

0020 FIG. 4B is a schematic perspective view of the 
double layered plate material of the leaf Spring member 
according to the Second embodiment after a bending pro 
CeSS, 

0021 FIG. 5 is a schematic cross-sectional view of a 
previously proposed Semiconductor device mount Structure; 
and 

0022 FIG. 6 is another schematic cross-sectional view of 
the previously proposed Semiconductor device mount Struc 
ture, showing lifting of the Semiconductor device. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0023 Various embodiments of the present invention will 
be described with reference to the accompanying drawings. 
A Semiconductor device mount Structure according to each 
embodiment can be used, for example, for a lighting appa 
ratus of an automobile, Such as a daytime running light 
(DRL). 
0024 (First Embodiment) 
0025. With reference to FIG. 1, a semiconductor device 
mount Structure according to a first embodiment includes a 
heat dissipating member (heat dissipating plate, fins) 10. The 
heat dissipating member 10 is manufactured, for example, 
by molding or cutting a heat conductive material, Such as 
copper or aluminum. A Semiconductor device 20 is mounted 
to a mounting Surface 11 of the heat dissipating member 10 
via an interface member 30, Such as a heat conductive grease 
material or a heat conductive sheet material. The Semicon 
ductor device 20 is formed as a package in which a Semi 
conductor chip (heat generating element or heat Source) 21, 
such as a power MOSFET, that generates substantial heat 
upon operation thereof is encapsulated within a resin encap 
Sulating material through a molding process. 

0026. The circuit board 40, which can be a printed circuit 
board, a ceramic circuit board or the like, is arranged above 
the semiconductor device 20 in Such a manner that the 
circuit board 40 is opposed to the mounting surface 11 of the 
heat dissipating member 10. The heat dissipating member 10 
has a side wall portion 12 that protrudes upwardly from the 
mounting Surface 11 of the heat dissipating member 10. The 
circuit board 40 is secured to a step 13 formed in the side 
wall portion 12 by an adhesive, a Screw or the like. 
0.027 Leads 22 extend out from the semiconductor 
device 20 toward the circuit board 40. The leads 22 are 
electrically connected to the circuit board 40, for example, 
by soldering. A lid 41 is secured to a top end of the side wall 
portion 12 to protect components received within the heat 
dissipating member 10. 

0028. Thus, the semiconductor device 20 is mounted to 
the mounting surface 11 of the heat dissipating member 10 
and is electrically connected to the circuit board 40. A leaf 
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spring member 50 that exerts a biasing force to bias and to 
Secure the Semiconductor device 20 against the mounting 
Surface 11 of the heat dissipating member 10 is arranged 
between the semiconductor device 20 and the circuit board 
40. 

0029. A construction and a manufacturing process of the 
leaf spring member 50 will be briefly described with refer 
ence to FIGS. 2A and 2B. The leaf spring member 50 is 
manufactured from a double layered plate material that is 
formed by adhering a Spring material 51, Such as Stainless 
Steel material, to a heat insulating material 52, Such as a heat 
insulating resin material (e.g., urethane or foam material) by 
means of a Sealing adhesive material. 
0030 Specifically, as shown in FIG. 2A, a portion of the 
double layered plate material, for example, is die-cut to form 
a generally horseshoe-shaped cut Kin a die-cutting process. 
Then, as shown in FIG. 2B, a rectangular tab defined inside 
of the horseshoe-shaped cut K is bent to form a bent portion 
53 that biases the semiconductor device 20. Furthermore, at 
a base side of the bent portion 53, the double layered plate 
material or leaf spring member 50 is further bent into a 
L-shape to form a connecting portion 54 that is used to 
connect the leaf Spring member 50 to the heat dissipating 
member 10. 

0031. With reference to FIG. 1, the thus manufactured 
leaf Spring member 50 is mounted to the heat dissipating 
member 10 in such a manner that the connecting portion 54 
of the leaf spring member 50 is press fitted into a receiving 
recess formed in the heat dissipating member 10. Upon 
installation of the leaf Spring member 50, the Spring material 
51 and the heat insulating material 52 of the leaf spring 
member 50 face the semiconductor device 20 and the circuit 
board 40, respectively. Thus, the leaf spring member 50 is 
supported by the heat dissipating Member 10, and the 
semiconductor device 20 and the circuit board 40 are 
shielded from each other by the leaf spring member 50. The 
leaf spring member 50 can be alternatively supported by any 
other appropriate means. 

0032. When the leaf spring member 50 is mounted to the 
heat dissipating member 10, a distal end of the bent portion 
53 of the leaf spring member 50 resiliently contacts the 
Semiconductor device 20 on a portion of a Surface of the 
Semiconductor device 20, which is located along a line that 
extends perpendicular to the mounting Surface 11 of the heat 
dissipating member 10 and that passes through the Semi 
conductor chip 21. Thus, the semiconductor device 20 is 
biased against the mounting Surface 11 of the heat dissipat 
ing member 10 by the bent portion 53 of the leaf spring 
member 50 located right above the semiconductor chip 21. 
0033. In the above-described mount structure, the semi 
conductor device 20 and the circuit board 40 constitute, for 
example, a control circuit of the automobile lighting appa 
ratus. The heat generated from the Semiconductor chip 21 of 
the semiconductor device 20 is conducted to the heat dissi 
pating member 10 through the interface member 30. Then, 
the heat conducted to the heat dissipating member 10 is 
dissipated from the heat dissipating member 10, for instance, 
into the atmosphere or to other heat dissipating member 
(other heat sink). Furthermore, a portion of the heat gener 
ated from the Semiconductor chip 21 is also conducted to the 
spring material 51 of the leaf spring member 50 that directly 
contacts the Semiconductor device 20 right above the Semi 
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conductor chip 21, and the heat conducted to the Spring 
material 51 of the leaf spring member 50 is then conducted 
to the heat dissipating member 10 and then is dissipated 
therefrom. 

0034. In the above-described mount structure, the biasing 
force of the leaf spring member 50 is applied to the semi 
conductor device 20 on the portion of the surface of the 
Semiconductor device 20, which is located along the line that 
extends perpendicular to the mounting Surface 11 of the heat 
dissipating member 10 and that passes through the Semi 
conductor chip 21. Thus, the base portion of the Semicon 
ductor device 20 which is located below the semiconductor 
chip 21 is not easily lifted from the mounting surface 11 of 
the heat dissipating member 10. 
0035) Furthermore, the heat insulating material 52 is 
integrally provided on the one Side of the leaf spring member 
50 which faces the circuit board 40. Thus, the heat radiated 
from the semiconductor device 20 is shielded or is insulated 
by the heat insulating material 52 of the leaf Spring member 
50. The influences of the heat radiated from the semicon 
ductor device 20 on the circuit board 40 can be restrained by 
placing any other type of heat insulating member between 
the semiconductor device 20 and the circuit board 40. 

0.036 For instance, a heat insulating material can be 
directly adhered to a surface of the circuit board 40 which 
faces the Semiconductor device 20. In this manner, the heat 
sensitive circuit board (such as the printed circuit board) 40 
and heat sensitive SMD (Surface Mount Device) compo 
nents mounted to the circuit board 40 can be protected from 
the heat radiated from the semiconductor device 20. 

0037. However, in such a case, the heat insulating mate 
rial is handled as one component, So that the number of 
components to be assembled is disadvantageously increased. 
Furthermore, a step of adhering the heat insulating material 
to the circuit board is further added, so that the number of 
the assembling Steps is increased. However, according to the 
above-described embodiment, the heat insulating material 
52 is integrated into the leaf spring member 50, so that the 
number of the components and the number of assembling 
StepS can be advantageously minimized, or the assembling 
work can be advantageously eased. 
0.038 Furthermore, in the above-described mount struc 
ture, by interposing the heat conductive grease between the 
semiconductor device 20 and bent portion 53 of the leaf 
spring member 50 or between the heat dissipating member 
10 and the connecting portion 54 of the leaf spring member 
50, a contact Surface area between these components can be 
advantageously increased, resulting in an improvement of 
the heat dissipating property. 

0039. Also, in the above-described mount structure, the 
heat insulating material 52 of the leaf spring member 50 is 
made of the heat insulating resin material, Such as urethane 
or foam material, which is dielectric. Thus, it is possible to 
achieve both the heat insulation and the electric insulation 
between the leaf spring member 50 and the circuit board 40. 
0040. The semiconductor device 20 shown in FIG. 1 has 
the fully molded structure in which the entire semiconductor 
chip 21 is encapsulated within the resin encapsulating mate 
rial. However, in order to further improve the heat dissipat 
ing property of the Semiconductor chip 21, it is possible to 
use a half-molded Structure in which a base Surface of the 
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Semiconductor chip 21 is exposed from the resin encapsu 
lating material. Furthermore, the heat conductive grease 
having a lower heat resistance is used as the interface 
member 30 between the base Surface of the semiconductor 
chip 21 and the mounting Surface 11 of the heat dissipating 
member 10. In the case of the semiconductor device 20 
having the half-molded Structure, for instance, if the Semi 
conductor chip 21 is the power MOSFET, a drain potential 
may be present in the base Surface of the Semiconductor chip 
21, and the same drain potential may also be present in both 
the heat dissipating member 10 and the leaf Spring member 
50. 

0041. Thus, it is preferred that the heat insulating mate 
rial 52 has a dielectric property in addition to the heat 
insulating property. If the heat insulating material 52 is 
dielectric, the heat insulating material 52 can prevent elec 
trical influences or short circuits, for example, on the circuit 
board 40 and the SMD components on the circuit board 40 
induced by the drain potential present in the leaf Spring 
member 50. In Such a case, a clearance Y between the leaf 
spring member 50 and the circuit board 40 shown in FIG. 
1 can be eliminated. In this way, a size of the mount Structure 
can be advantageously reduced. 
0042. Furthermore, if the heat insulating material 52 of 
the leaf spring member 50 is dielectric, the circuit board 40 
may be directly secured to the leaf spring member 50 by 
placing a Seal material, Such as an adhesive, an adhesive 
sheet or the like, between the heat insulating material 52 and 
the circuit board 40. Thus, relative positioning of the these 
parts becomes much easier, and the number of the assem 
bling Steps can be reduced. 
0043. In the above-described mount structure, a surface 
area or size of the leaf spring member 50 located above the 
semiconductor device 20 is preferably larger than that of the 
semiconductor device 20 to shield the circuit board 40 from 
the semiconductor device 20. In this manner, it is possible to 
reduce the influences of the heat radiated from the Semicon 
ductor device 20 on the circuit board 40 and the other 
components mounted to the circuit board 40. 
0044 As described above, the mount structure of the 
present embodiment provides the various advantages and 
restrains the influences of the heat radiated from the Semi 
conductor device 20 on the circuit board 40 while achieving 
the Stable heat dissipating property. 

0.045 (Second Embodiment) 
0046 A semiconductor device mount structure according 
to a second embodiment of the present invention will be 
described with reference to FIGS. 3, 4A and 4B. 

0047 The semiconductor device mount structure of the 
Second embodiment is Substantially the same as that of the 
first embodiment except that the mount structure of the 
Second embodiment has a peripheral rib 11a and a resilient 
claw 55. The peripheral rib 11a protrudes from the mounting 
surface 11 of the heat dissipating member 10 and continu 
ously extends along the outer peripheral portion of the base 
of the semiconductor device 20. Since the semiconductor 
device 20 is mainly secured by the biasing force exerted onto 
it from the bent portion 53 of the leaf spring member 50, the 
semiconductor device 20 could be displaced on the mount 
ing surface 11 of the heat dissipating member 10 when it 
encounters, for example, shockS, Vibrations or thermal 
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expansion and contraction (for instance, encountered during 
a heating and cooling cycle). The peripheral rib 11a advan 
tageously restrains the displacement of the Semiconductor 
device 20 on the mounting Surface 11 of the heat dissipating 
member 10. 

0.048. The resilient claw 55 is provided in the connecting 
portion 54 of the leaf spring member 50. When the con 
necting portion 54 of the leaf spring member 50 is inserted 
within the receiving receSS formed in the heat dissipating 
member 10, the resilient claw 55 is resiliently biased against 
the wall of the receiving recess or the side wall portion 12 
of the heat dissipating member 10, So that the leaf Spring 
member 50 is more tightly secured to the heat dissipating 
member 10. As a result, the leaf spring member 50 is less 
likely to come out from the receiving receSS formed in the 
heat dissipating member 10 when it encounterS Shocks, 
vibrations or the like, so that the stable biasing force of the 
leaf spring member 50 against the semiconductor device 20 
can be further ensured. 

0049. The resilient claw 55 is formed in the following 
manner. That is, as shown in FIG. 4A, a generally horse 
shoe-shaped cut L is formed in the double layered plate 
material along with the horseshoe-shaped cut K through the 
die-cutting process. Then, as shown in FIG. 4B, a rectan 
gular tab defined inside of the horseshoe-shaped cut Lisbent 
to form the resilient claw 55. 

0050. In the second embodiment, the peripheral rib 11a 
extends continuously along the outer peripheral portion of 
the base of the semiconductor device 20. Alternatively, the 
peripheral rib 11a can be discontinuously provided along the 
outer peripheral portion of the base of the Semiconductor 
device 20. 

0051) The peripheral ribs 11a and the resilient claw 55 of 
the second embodiment allows the semiconductor device 20 
to be Secured in place with the Stable biasing force. Thus, the 
semiconductor device 20 is less likely to move around on the 
mounting surface 11 of the heat dissipating member 10. In 
this manner, it is further ensured that the biasing force of the 
leaf spring member 50 is applied to the semiconductor 
device 20 on the portion of the surface of the semiconductor 
device 20, which is located along the line that extends 
perpendicular to the mounting Surface 11 of the heat dissi 
pating member 10 and that passes through the Semiconduc 
tor chip 21. Thus, the base portion of the semiconductor 
device 20 which is located below the heat source (semicon 
ductor chip 21) is not lifted from the mounting surface 11 of 
the heat dissipating member 10. 

0.052 Additional advantages and modifications will 
readily occur to those skilled in the art. The invention in its 
broader terms is therefore, not limited to the Specific details, 
representative apparatus, and illustrative examples shown 
and described. 

What is claimed is: 

1. A Semiconductor device mount Structure comprising: 
a heat dissipating member having a mounting Surface; 

a circuit board opposed to Said mounting Surface of Said 
heat dissipating member; 
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a Semiconductor device mounted to Said mounting Surface 
of Said heat dissipating member, Said Semiconductor 
device being electrically connected to Said circuit 
board; and 

a leaf Spring member arranged between Said Semiconduc 
tor device and Said circuit board in Such a manner that 

Said leaf Spring member biases Said Semiconductor 
device against Said mounting Surface of Said heat 
dissipating member, Said leaf Spring member having a 
heat insulating material integrated on one side thereof 
which faces Said circuit board. 

2. A Semiconductor device mount Structure comprising: 

a heat dissipating member having a mounting Surface; 

a circuit board opposed to Said mounting Surface of Said 
heat dissipating member; 

a Semiconductor device having a heat generating element, 
Said Semiconductor device being mounted to Said 
mounting Surface of Said heat dissipating member, Said 
Semiconductor device being electrically connected to 
Said circuit board; and 

a leaf Spring member arranged between Said Semiconduc 
tor device and Said circuit board in Such a manner that 
Said leaf Spring member biases Said Semiconductor 
device against Said mounting Surface of Said heat 
dissipating member, said leaf spring member resiliently 
contacting Said Semiconductor device on a portion of a 
Surface of Said Semiconductor device, Said portion of 
Said Surface of Said Semiconductor device being located 
along a line that extends perpendicular to Said mount 
ing Surface of Said heat dissipating member and that 
passes through Said heat generating element, Said leaf 
Spring member having a heat insulating material inte 
grated on one side thereof which faces Said circuit 
board. 

3. A Semiconductor device mount Structure according to 
claim 1, wherein Said leaf Spring member has a bent portion 
that biases Said Semiconductor device, Said bent portion 
being manufactured from a plate material in Such a manner 
that a cut corresponding to Said bent portion is made in Said 
plate material, and then Said bent portion is bent on a Side 
where Said Semiconductor device is located. 

4. A Semiconductor device mount Structure according to 
claim 1, wherein: 

Said heat dissipating member includes a receiving recess, 
and 

a portion of Said leaf Spring member is inserted within 
Said receiving receSS of Said heat dissipating member 
Such that Said leaf Spring member is Stationarily Sup 
ported within Said receiving receSS of Said heat dissi 
pating member. 

5. A Semiconductor device mount Structure according to 
claim 1, wherein Said heat insulating material is dielectric. 

6. A Semiconductor device mount Structure according to 
claim 5, wherein Said heat insulating material is made of a 
heat insulating resin material. 
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7. A Semiconductor device mount Structure according to 
claim 1, wherein a Surface area of Said leaf Spring member 
located above Said Semiconductor device is larger than that 
of Said Semiconductor device to Shield Said circuit board 
from Said Semiconductor device. 

8. A Semiconductor device mount Structure according to 
claim 1, wherein Said heat dissipating member includes a 
peripheral rib that extends along an outer peripheral portion 
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of a base of Said Semiconductor device on Said mounting 
Surface of Said heat dissipating member. 

9. A Semiconductor device mount Structure according to 
claim 1, wherein Said leaf Spring member includes a resilient 
claw that is resiliently biased against a wall of Said receiving 
receSS of Said heat dissipating member. 


