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[57] ABSTRACT

A cooling device for providing cooling of integrated circuit
semiconductor chips is so arranged as to transfer a heat via
thin fin members which are fitted with each other with a
small clearance. The bottom surface of one of thermal
conductive members which is provided integrally with the
fin members is made greater in surface area than a back
planar surface of the semiconductor chip, and the thermal
conductive member and the semiconductor chip are kept at
all times in plane contact with each other, thereby enhancing
the cooling performance.

11 Claims, 160 Drawing Sheets




Re. 35,721

Sheet 1 of 10

Feb. 3, 1998

U.S. Patent

FIG. |

Mﬁ#

1D

/N \\\W»
#.&\\\ \Pﬂl N }
.M O \\\\\“ﬂﬂ-‘ Eﬁmwﬁwlw ¥
W i A\\\n M.(\ N

an
™~
7/?%%._ _ B ———
N i \ _._._.H.__-.”....I........
/SS,H A =
_“D BN . ..”....I...II
SRl N KRR
aJ o =1
O <
L



Re. 35,721

Sheet 2 of 10

Feb. 3, 1998

U.S. Patent

FIG. 3

19

S S S S RSSO T OSSO O R

AT AT T U NSRS RN RRNY
] Bt |
eSS SO RS SN SNO SN
e

b N SN N N NN N N NN S SNSRI N NUNNNANNNY

S S S S S S S S s e TSNS
.

UM NN NSNS N NN NSNS NNN S NN N NN N NN
B e

W= === ]

SN OSSR S SN S

T e |

L B o kW W

PSS S SAONN S SIS SRTISNANSNSISSNN

v 18

e ] e
SONSUNSUN SN S SISNSIONSUNN NSNS N NNSISININ N

— WA W W )




U.S. Patent Feb. 3, 1998 Sheet 3 of 10 Re. 35,721

FIG. 4




Re. 35,721

M
%

Sheet 4 of 10

//Il DO
NEE |\

\\\

© 7777 \ ,. ,,....|. © f‘ \
D — /4\4_ WYY .,__,\_ ' — / MWW \— -
2w / L \ e — \\\ |
3 /”ffa \ R - Lo ’4’/
o) e /\§\ L\ - / -
2 — AN ...Illl 0 L L
. % O\ % Lo O Ny Y

U.S. Patent




U.S. Patent Feb. 3, 1998 Sheet 5 of 10 Re. 35,721

FIG. 7

Nty

~ )
ANEFNN

33




Re. 35,721

Sheet 6 of 10

Feb. 3, 1998

U.S. Patent

FI1G. 10

e i

-—-;__F‘:—-F_;ﬂ:—#ﬁ:_'——-.— ._,-_--"_""'_:_-’-— )

\D}
A

FIG. |1

- m u L3

N \\ I
/A\\\\\ T

NONNN |




U.S. Patent Feb. 3, 1998 Sheet 7 of 10 Re. 35,721

FIG 12

43
44

\‘ 44

44

NS
Vi) a/?s )
7
2 R R i
RN
|
FIG. |3
497 9

’
‘
g

NN S NN

f

1 ML
1 A0 ¢

NN NN
(N NN N

i
g

SN N

e
—

D S
NS S

#
i

N

48



U.S. Patent Feb. 3, 1998 Sheet 8 of 10 Re. 35,721

FIG. 14

10,
:
<{
< 8
N
&
N 6
@,
prd
-
0 4 C
N
L) B
é t:S\‘::'MSO 7
s & N “™m
T <,
T n
—

OO 2 4 6 8 10

OVERLAPPED LENGTH (MM)



U.S. Patent Feb. 3, 1998 Sheet 9 of 10 Re. 35,721

FIG. 15

-

<

<

SN

®

°

S 6
2

<

l_

2

) 4
i

-

I F
s 2
0

Ll

1

-

05 > 4 6 8 0

OVERLAPPED LENGTH (MM)



U.S. Patent Feb. 3, 1998 Sheet 10 of 10 Re. 35,721 '

FIG. 16

(°C/WATT)
0

L] 6
»,
Z,
%
T 4
L
O
=
2
=
i
L)
I
l_
O

I 2 3 4 5 6 ¢ 8 9 0

NUMBER OF THE FIRST FINS



Re. 35,721

1

COOLING DEVICE OF SEMICONDUCTOR
CHIPS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application is a continuation of application Ser. No.
680,927, filed Dec. 12, 1984, now abandoned.

BACKGROUND OF THE INVENTION

The present invention relates to a cooling device for
dissipating the heat generated by semiconductor elements or
integrated circuit chips.

In a large-sized electronic computer system, it is

demanded that the processing operation is performed at high
speed. To this end, a circuit chip on which a large number of

semiconductor elements are integrated has been developed
in recent years. Further, in order to make short the electric
wiring for interconnecting such integrated circuit chips, a
method of mounting a large number of such integrated
circuit chips in a macropackage is developed.

A cooling device which is disclosed in U.S. Pat. No.
3.993.123 has hitherto been proposed with regard, in
particular, to a cooling device for use in the large-sized
electronic computer system. In this cooling device, the heat
generated by LSI chip is transferred into piston via the
helium-gas layer which exists around a portion of contact
between a spherical tip end of the piston and a back planar
surface of the LSI chip. The heat is then transferred from the
piston into the helium-gas layer which exists in the clearance
between this piston and a cylinder, thus transferred into a
housing of a macro package. The heat is thus finally
introduced, for dissipating, into a cooler which is provided
on the housing and in which cooling water or cooling air is
circulated.

The above-mentioned prior art cooling device, however,
involves the following problems.

Thermal conductivity of helium-gas is relatively high as
compared with other gases, but its thermal conductivity is
very low as compared with that of a metallic body such as,
for example, the piston, cylinder or the like. Accordingly, in
order to make the thermal resistance of the layer of helium
gas small. it is necessary to make the clearance between the
piston and cylinder small. For this reason, the piston or
cylinder is demanded to be fabricated with high precision. If
it is fabricated with low precision, then, for example, the
piston fails to be moved with smoothness, or the temperature
of each LSI chip is likely to vary widely.

A cooling structure such as that disclosed in U.S. Pat. No.
4,263,965 has been proposed in order to solve the above-
mentioned problems. In this structure, a number of parallel
grooves are formed in a housing opposed to the LSI chips,
and, in each groove, a thin rectangularly shaped thermal
conductive plate and a leaf spring for applying a pressing
force onto this thermal conductive plate are inserted. This
structure is improved in that the surface areca for effecting a
heat exchange between the thermal conductive plate and the
side walls of the parallel grooves is large and besides the thin
planar surface of each thermal conductive plate is kept in
plane contact with the planar surface of LSI chip at its one

end surface.

The above-mentioned structure, however, involves the
following problems. Since each thermal conductive plate is
independently separated and inserted into its corresponding
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parallel groove, the heat exchange between adjacent thermal
conductive plates is little effected. Since the integrated
circuits on the LSI chip are composed of a number of electric
circuits, it is, generally, very rare that such LSI chip gener-
ates neat uniformly. The distribution of heat generation in
the LSI chip varies from place to place as well as with the
lapse of time. Accordingly. only the thermal conductive
plate located near such peripheral portion serves to a portion
of heat generation on the LSI chip dissipate the heat gen-
erated therefrom. In other words, the other thermal conduc-
tive plates which are located away from such portion of heat
generation can serve to dissipate only the heat which has
come via the LSI chip having a very small thickness.
Namely. even if a number of thermal conductive plates are
placed on the LSI chip, their efficiency of heat dissipation 1s
decreased because the good heat transfer connection
between these thermal conductive plates is little effective.

Further, since the maximum size where the thermal con-
ductive plates can be mounted is limited by a width of the

LSI chip, limitation is imposed upon increasing the cooling
performance.
Further, a cooling device which uses a thermal conductive

metallic plate bundle composed of laminated leaf springs is
disclosed in Japanese Patent Laid-Open No. 23463/83. This
cooling device has a drawback in that the thermal contact

resistance between the leaf springs is high.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
above-mentioned drawbacks inherent in the prior art and the
object of the present invention is to provide a cooling device
for semiconductor elements or integrated circuit chips which
is capable of exhibiting its high cooling performance and
absorbing various displacements which include deformation
of the substrate, displacements in connecting the semicon-
ductor chips. deformations made in assembling the cooling
structure, thermal deformations involved in the cooling
structure, etc without exceeding the acceptable level of force
on the semiconductor chip.

The present invention is characterized in that a plurality of
first fins are integrally provided on a thermal conductive
member having a bottom surface area which is greater than
a surface area, i.c.. heat dissipation arca of a semiconductor
chip; these first fins are fitted with a plurality of second fins
provided on the inner surface of a housing with a small
clearance; and the bottom surface of the thermal conductive
member is pressed onto the planar surface of the semicon-
ductor chip by means of a resilient member which 1s
mounted between the thermal conductive member and the
inner surface of the housing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partially sectioned perspective view showing
an embodiment of the cooling device for providing cooling
of integrated circuit semiconductor chips according to the
present invention;

FIG. 2 is a vertical cross-sectional view of a main part of
cooling device for the semiconductor chip shown in FIG. 1;

FIG. 3 is a horizontal cross-sectional view of a main part
of the cooling device for semiconductor chips shown in

FIGS. 1;
FIG. 4 is a plane view of a substrate on which semicon-
ductor chips are mounted,;

FIGS. 5. 6 and 7 are vertically sectional views of main
parts of other embodiments of the present invention, respec-

tively;
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FIG. 8 is a perspective view, partially in section, of a
detailed structure of a housing member shown in FIG. 7;

FIG. 9 is a perspective view, partially in section, of a
detailed structure of a leaf spring shown in FIG. 7;

FIG. 10 is a perspective view of a cooling device for
semiconductor chips according to another embodiment of
the present invention;

FIG. 11 is a vertical cross-sectional view of another
embodiment of the present invention;

FIGS. 12 and 13 are cross-sectional views of the housing
of the other embodiments of the present invention, respec-
tively; and

FIGS. 14 to 16 are graphs showing the relationship of the
overlapped length of the fins in the vertical direction with
thermal resistance and the relationship of the number of first
fins with thermal resistance, for purpose of proving the
performance of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An embodiment of the present invention will now be
described by referring to FIGS. 1 to 4.

In the Figures, a housing 15 is made of material having a
high thermal conductivity such as. for example, copper,
aluminium. or the like. and on the inner surface of the
housing, a number of plate-like fins 16 are provided in
parallel with each other. Further, thermal conductive mem-
bers 17 each having a surface area greater than the heat
transfer arm constituted by a back planar surface of an LSI
chip 1. and have a base portion. On this base portion, a
number of plate-like fins 18 are integrally provided at the
same pitch as that at which the fins 16 are provided. The fins
16 of the housing 15 and the fins 18 of the base portion of
the thermal conductive member 17 are fitted with each other
with small clearances 19 provided therebetween. The base
portion of the thermal conductive member 17 is pressed onto
the planar surface of the LSI chip 1 by a spring 20 which has
a small spring constant so as not to have any effect upon
solder balls 3 for connecting the LSI chip 1. It thus is kept
in plane-contact with the back planar surface of the LSI chip
1. The spring 20 is inserted into a gap 23 formed in the fin
16 and is fixedly held in a recess 21 formed in the housing
15 and a recess 22 formed in a center of the base portion of
the thermal conductive member 17. Since. in this case, the
points of action of the spring 20 reside in the respective
recesses 21 and 22 of the base portion of the thermal
conductive member 17 and the housing 15 respectively, the
thermal conductive member 17 can be stably pressed onto
the planar surface of the LSI chip 1 and, at the same time.
the spring can have a sufficient length. Further, it is also
possible to prevent the base portion of the thermal conduc-
tive member 17 from slipping off from the back planar
surface of the LSI chip 1. thus to keep the thermal conduc-
tive member 17 at all times in plane-contact with the planar
surface of the LSI chip 1 at its central part.

Within a closed space 24 which is defined between the
housing 15 and a substrate 2, there is filled a gas having high
thermal conductivity, such as. for example. helium gas,
hydrogen gas. or the like. It should be noted here that a fluid
capable of high heat conduction such as, for example. a heat
conductive grease may be filled only in the small clearance
19.

Since this embodiment has been constructed as stated
above, the heat which has been generated in the LSI chip 1

is once transferred into the base portion of the heat conduc-
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tive member 17 kept in plane-contact with the planar surface
of LSI chip 1 as a whole and then is diffused uniformly
within the base portion. Thereafter, the heat is transferred
into each fin 18 of the thermal conductive member 17.
Thereafter, it 1s transferred into the fins 16 of the housing 15
through the gas layers of high thermal conductivity in the
small clearances between the fins 16 and 18. The heat is
finally carried away by a cooling device (not shown) which
is mounted on the housing 18.

Since the fins 18 of the thermal conductive member 17 are
formed integrally with the base portion thereof, the heat
generated in the LSI chip 1 can be uniformly diffused within
the base portion even when the distribution of the heat in the
LSI chip 1 is non-uniform. Accordingly, it is possible to
maximize the heat transfer efficiency in each fin 18 of the
thermal conductive member 17. The thermal conductive
member 17 can have any size which is chosen such that its
area of projection of the thermal conductive member 17 on
the substrate 2 falls within the range of from the minimum
arca of the back planar surface of the LSI chip 1 to the
maximum area 51 which can be occupied by one LSI chip
on the substrate 2. as shown in FIG. 4. Where a total
cross-sectional area of either the fins 16 of the housing 15 or
the fins 18 of the thermal conductive member 17 is smaller
than the heat transfer area which is the back planar surface
of the LSI chip 1. their heat transfer efficiency decreases due
to the thermal resistance which is produced due to the
reduction i1n the cross-sectional arca. For this reason, it is
desirable that the size of the thermal conductive member 17
be not smaller than the back-surface area of the LSI chip. or
more preferably not smaller than an area 50 which is two or
more times as large as the back-surface area. On the other
hand. however, as the size of the thermal conductive mem-
ber 17 is increased. this member 17 comes into contact with
that of an adjacent LSI chip 1. Therefore, the size of the
thermal conductive member 17 is limited to the minimum
area 51 which can be occupied by one LSI chip 1 on the
substrate 2.

Since the spring 20 is so disposed as to prevent its force
from directly acting on the fins 16 and 18, there is no
likelihood that those fins 16. 18 are bent or buckled.
Therefore, the fins 16 and 18 may be thin. Further, since the
base portion 17B of the thermal conductive member 17 is
merely in contact with the LSI chip 1, it can be freely moved
while it is kept in contact with the LSI chip 1. Besides, the
thermal conductive member 17 can be freely separated from
the LSI chip 1.

FIG. § shows another embodiment of the invention, in
which each fin 28 integrally provided on the inner surface of
the housing 15 and each fin 27 similarly provided on the
thermal conductive member 26 have a trapezoidal section
which is tapered toward its tip end. The other structure of
this embodiment is the same as that of the embodiment
shown in FIG. 1, and its description is omitted. By forming
the vertical section of the fins 25 and 27 into such a
trapezoidal shape, an advantage of facilitating the operation
of shaping the fin is offered.

FIG. 6 shows another embodiment of the present
invention. which 1is characterized in that the lowest or
bottom surface of the base portion 28B of the thermal
conductive member 28 is made into a cylindrical surface 30.
A center axis of this cylindrical surface is extended to the
same direction of the fin 29 of the thermal conductive
member 28, If the thermal conductive member 28 is con-
structed as such. it is not only possible for the fins 29 of the
thermal conductive member 28 and the fin 16 of the housing
135 to move freely in grooves between the corresponding fins
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but, even when the LSI chip 1 is inclined in a direction
which intersects the fin 29. it is possible for the thermal

conductive member 28 to follow the movement of the LSI
chip 1. easily. |

By making the bottom surface into the cylindrical surface.
the thermal conductive member 28 comes into a line contact
with the L.SI chip 1, not into a point contact therewith which
occurs where the bottom surface is made into a spherical
surface, thereby making the contact thermal resistance low.
Further, since the thermal conductive member 29 can follow
the LLSI chip 1 to an increased degree, it is possibie to make
the clearance 19 between the fins 16 and 29 smaller, thus
finally to enhance the cooling performance of the heat
conductive member.

A further embodiment of the present invention will now
be described with reference to FIGS. 7, 8 and 9.

A pumber of fins 32 which are provided on the inner
surface of the housing 15 are formed with protrusions 33 at
their tip ends. On the other hand, the surface of the thermal

conductive member 40 which contacts the LSI chip 1 is
flattened. When a number of fins 31 have been inserted

between a number of the fins 32, it may be prevented from
moving in the longitudinal direction of the grooves between
the fins 32 and the thermal conductive member 40 is held in
place between the protrusions 35. Further, the thermal
conductive member 40 is pressed. at its both sides, by leaf
springs 33 integrally formed with a number of springs 34.
onto the LSI chip 1.

FIG. 10 shows another embodiment of the present
invention, in which a group of the fins 42 provided on the
housing 41 is separately or independently provided so as to
correspond to each one LSI chip 1. The other structure of
this embodiment is the same as that of the embodiment
shown in FIG. 1. This mentioned structure offers as advan-
tage of preventing the fins 16 of the thermal conductive
member 17 and the fins 42 of the housing 41 from being
intermeshed with each other even when the housing 41
undergoes a thermal deformation, or a deformation due to a
stress produced by application of, for example, an external
force.

FIG. 11 shows another embodiment of the present
invention, in which the fins 45 of the housing 43 are formed
in the fins of a thermal conductive member 44 which is
provided on the housing 43 side in the same manner as the
thermal conductive member 17 on the LSI chip 1 side, and
then this thermal conductive member 44 is joined to the
inner surface of the housing 43. Since, in this embodiment,
both the thermal conductive members 17 and 44 can be
manufactured in the same process of manufacture, it is
possible easily to manufacture the fins 16 and 45 with the
same precision. Further, the productivity of the housing
which is achieved by fabricating fins separately from hous-
ing is higher than that which is achieved by fabricating fins
integrally.

FIG. 12 shows another embodiment of the present
invention, in which the top surface area of each thermal
conductive member 44 is made equal to the maximum area
51 shown in FIG. 4 which can be occupied by one LSI chip
1. and the thermal conductive member 44 is formed as a
separate member from the housing 43 and made slidable
with respect thereto. According to this embodiment, since
the two adjacent of the thermal conductive members 44
come into contact with each other, each thermal conductive
member 44 is prevented from being horizontally moved, so
that the portion of this member 44 within the housing 43 is
automatically fixed. Accordingly, the housing 43, thermal
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conductive member 44, and thermal conductive member 17
can respectively be independently formed. with the result
that their respective productiveness are enhanced.

FIG. 13 shows another embodiment of the present
invention, in which the housing 46 is divided into a ceiling
portion 47 and a side frame portion 49. When the fins 48 of
the housing 46 are fabricated. if the side frame portion 49 1s
separated beforehand from the ceiling portion of the housing
46, said fins 48 become easy to fabricate particularly by
cutting working. Further, the substrate 2 on which a large
number of wiring pattern are distributed is generally low in
mechanical strength and, therefore, a flange for sealing the
housing is provided as a separatc member. In this
embodiment, since the ceiling portion 47 is made of the
same material as that of the substrate 2. their coeflicients of
thermal expansion can be made the same. Furthermore, it is
also possible to use the materials of the same mechanical
strength with respect to the side frame portion 49 and the
secaling flange, respectively. By using different materials
with respect to the ceiling portion 47 and the side frame
portion 49 as mentioned above. it is possible to obtain
various advantages including enhancement in the scaling
performance, reduction in the thermal stress, rise in the
productivity, etc., of the housing.

In each of the above-mentioned embodiments, description
was made on the assumption that the height of the fins of
each thermal conductive member, or the number of such
fins, is the same with respect to each LSI chip 1. Since the
operating condition or electric circuit of each SLI chip 1
differ, the amount of heat generated therein also differs.
Therefore, in order to increase the reliability of the 1L.SI chip
in respect of its operation, it is necessary to keep the LSI
chip’s temperature constant. In this connection, if the height
of the fins of the thermal conductive member, or the height
of the fins of the housing, or the number of such fins is
adjusted in accordance with the operating condition of the
corresponding LSI chip 1. then it will be possible to easily
control that LSI chip’s temperature. Note here in this con-
nection that even when the height of the fins of the thermal
conductive member is made low, the length of the spring for
pressing the thermal conductive member is not required to
be varied.

The material of which the thermal conductive member or
housing is made, generally, of copper of aluminum having
high thermal conductivity. On the other hand, the back
planar surface of the LSI chip is electrically conductive
unless it is subjected to a special electrical insulation. For
this reason, if the thermal conductive member made of
copper or aluminium is pressed onto such back planar
surface of the LSI chip, each LSI chip will be mutually
shortened. Accordingly, when the thermal conductive mem-
ber or housing is made of a Si-C material which has an
electrical insulation property and at the same time has a high
thermal conductivity, it is possible not to cause the thermal
conductive member or housing to have a high thermal
conductivity between the thermal conductivity of copper and
that of aluminium but also to make small the difference in
thermal coefficient of expansion between the thermal con-
ductive member or housing and the substrate of 1.S1 chip.

It is to be noted here that the number of fins and the
number of LSI chips may be changed without departing
from the spirit and scope of the invention.

Further, it will be appreciated that a change from semi-
conductor chips shown in FIGS. 1 to 12 to muiti-chip
module package in which a number of semiconductor chips
are contained may be made without departing from the
scope of the invention, in the preferred embodiment.
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Examination was made of the performance of the cooling
device according to the present invention, the results being
presented in FIGS. 14 to 16.

The examination was performed under the following
conditions: wherein the LSI chip has a size of 4 mm square;
the maximum arca occupied by one LSI chip is 9 mm
square; the material of which the thermal conductive mem-
ber and the housing are respectively made is aluminum; and
the gas which is sealed into the housing is helium. Further,
the base portion of the thermal conductive member is not
over the maximum size of 8 mm square so as to prevent the
two adjacent thermal conductive members from abutting
against each other.

FIG. 14 shows the thermal resistance between the thermal
conductive member and the housing, with respect to the
overlapped length of the fins in the vertical direction, which
was measured when the thickness of each of the first fins of
the thermal conductive member and that of the second fins
of the housing are respectively 1 mm which is a fixed value;
and the number and the depth of the first fins is 4 and 8 mm.,
respectively, which are fixed values. and when, under these
conditions, the respective heights of the first fins and the
second fins are made high and the overlapped length of these
first and second fins in the vertical direction is increased up
to 10 mm, the clearance between the first and the second fins
being used as a parameter. In the Figure. curves A, B. C and
D cormrespond to the clearances of 25 ym., 50 um, 100 pm,
and 100 pm. respectively. If the clearance is fixed, there
exists an overlapped length of the fins which makes the
thermal resistance minimum. For example, if the clearance
1s 25 pm, the optimum overlapped length is approximately
S mm. As the clearance increases up to 50 pym, 100 ym and
200 pm in the order mentioned, the optimum overlapped
length increases accordingly. The reason for this is as
follows. That is. when the overlapped length is small or
short, the thermal resistance to heat conduction in each of
the first and the second fins is decreased. However, the
whole thermal resistance between the thermal conductive
member and the housing is increased in the long run due to
a decrease in the overlapped area between the first and the
second fins. On the other hand, when the overlapped length
is large or long. although the overlapped area is increased.
the whole thermal resistance is increased due to an increase
in the thermal resistance to heat conduction in each of the
first and the second fins.

On the other hand, FIG. 15 shows the thermal resistance
between the thermal conductive member and the housing,
with respect to the overlapped length, which was measured
under the condition of which the clearance between the first
fin and the second fin is made 50 ym constant; the base
portion of the thermal conductive member is made 8 mm
square; and the thicknesses of the first and the second fins
are made as a parameter. In the Figure, curves E, F, G and
H correspond to the thicknesses and the numbers of the fin
provided on the thermal conductive member, namely, (2.6
mm. 2), (1.0 mm. 4), (0.4 mm, 8§ and (0.2 mm. 16).
respectively. As seen. the thermal resistance is decreased as
the fin numbers are increased. It should be noted here that

the sample represented by the curve B of FIG. 14 is the same
as that which is represented by the curve F of FIG. 15.

As will be understood from FIGS. 14 and 18, if the fin
thickness is decreased; the fin numbers are increased; the
clearance between the fins is decreased; and yet an optimum
overlapped length is selected, then it will be possible to
make the thermal resistance small,

FI(. 16 shows the thermal resistance between the thermal
conductive member and the housing. with respect to the
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number of the first fins, which was measured when the
thickness of the first fin is 1 mm; the height thereof is 4 mm;
the overlapped length is 3 mm; and the clearance between
the first and second fins is 50 pum. and, under these
conditions, the number of the first and the second fins is
increased sequentially by decreasing only the thickness of
the second fins. As seen, as the number of the first fins is
increased. the thermal resistance is decreased. However,
when the first-fin number increases over certain numbers,
the thermal resistance increases because of a reduction in
thickness of the second fins. When it is desired to increase
the fin numbers, it is sufficient to make the thicknesses of the
first and the second fins small and at the same time make the
overlapped length short as shown in FIG. 15.

What is claimed is:

1. A cooling device for providing cooling of integrated
circuit semiconductor chips by effecting transfer of heat
generated in a plurality of semiconductor chips mounted on

a circuit substrate to a housing so as to dissipate said heat,

comprising a housing; a plurality of separate thermal one
piece conductive members each positioned with one side
thereof in contact with a back planar surface of a respective
semiconductor chip and having the other side thereof posi-
tioned in spaced relationship with the housing so as to
provide a small clearance between the other side of each
thermal conductive member and said housing, each of said
thermal conductive members including a base portion hav-
ing a bottom surface in contact with a back planar surface of
the semiconductor chip. the area of said bottom surface
being greater than the surface area of said back planar
surface of the semiconductor chip, and a plurality of first
non-flexible fins [integral] being of one piece construction
with said base portion and extending in a direction perpen-
dicular to said bottom surface; a plurality of second fins each
[integrally provided] being of one piece construction with
said housing in fitted relation to said plurality of first fins and
each of said second fins extending continuously substan-
tially over an entire length of the housing in parallel with
each other, each of said plurality of second fins fitting with
said first fins of several of said thermal conductive members;
and a plurality of resilient members in the form of springs,
each of said springs being mounted between a respective one
of said thermal conductive members and said housing, each
of said springs being inserted in a gap circumferentially
surrounded by at least portions of the first and second fins
and fixedly held [in a recess formed in] between said
housing and [a recess formed in the center of] the base
portion of said thermal conductive member; said first and
second fins forming a plurality of parallel plate-like
members, wherein said plurality of first fins are telescopi-
cally movable with respect to said plurality of second fins
with a small clearance existing therebetween so as to enable
the base portion to be maintained in substantially planar
surface contact with the back planar surface of the semi-
conductor chip even if the semiconductor chip is tilted.

2. A cooling device for cooling semiconductor chips as
claimed in claim 1, wherein said gap is formed by cutting
away a portion of said second fins.

3. A cooling device for cooling semiconductor chips
claimed in claim 1, wherein said housing comprises a ceiling
member being integrally provided with said plurality of
second fins. and a side frame member.

[4. A cooling device for providing cooling of integrated
semiconductor chips by effecting transfer of heat generated
in a plurality of semiconductor chips mounted on a circuit
substrate to a housing so as to dissipate said heat, comprising
a housing; a plurality of separate thermal conductive mem-
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bers each contacting at one side thereof a back planar surface
of a respective one of said plurality of semiconductor chips
and having another side thereof positioned in spaced rela-
tionship with the housing so as to provide a small clearance
between the other side of each thermal conductive member
and said housing. each of said thermal conductive members
including a base portion having a bottom surface in contact
with the back planar surface of the respective semiconductor
chips the area of said bottom surface being greater than the
surface area of said back planar surface of the semiconduc-
tor chip, and a plurality of first fins integral with said base
portion and extending in a direction perpendicular to said
bottom surface; a plurality of second fins each integrally
provided with said housing in fitted relation to said plurality
of first fins and extending continuously substantially over an
entire length of the housing and being disposed in paraliel
with each other, each of said plurality of second fins fitting
with said first fins of several of said thermal conductive
members; and a plurality of resilient members in the form of
springs, each of said springs being mounted between a
respective one of said thermal conductive members and said
housing, each of said springs being respectively members
and said housing, inserted in a gap surrounded by the first
and second fins and fixedly held in a recess formed in said
housing and a recess formed in the center of the base portion
of said thermal conductive members; said first and second
fins respectively including a plurality of parallel plate-like
members of a thickness in a range of 0.2-2.6 mm, and
wherein said plurality of first fins are telescopically movable
with respect to said plurality of second fins with a small
clearance existing therebetween.)

5. A cooling device for providing cooling of integrated
circuit semiconductor devices mounted on a circuit
substrate, the cooling device comprising:

a housing;
a plurality of separate one piece thermal conductive

members each positioned at a back planar surface of

the respective semiconductor device and having the
other side thereof positioned in spaced relationship
with the housing so as to provide a small clearance
between the other side of each thermal conductive
member and said housing, each of said thermal con-
ductive members including a base portion having a

bottom surface in contact with a back planar surface of

the semiconductor device, the area of the bottom sur-
face of said base portion being greater than the surface
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area of said back planar surface of the semiconductor
device, and a plurality of first non-flexible fins being of
one piece construction with said base portion and
extending in a direction perpendicular to said base
5 portion; a plurality of second fins extending continu-
ously substantially over an entire length of the housing

in parallel with each other, each of said plurality of
second fins being in fitted relation to said first fins of
several of said thermal conductive members with a
clearance therebetween, and a plurality of resilient
members, a respective one of said resilient members
being disposed between a respective one of said ther-
mal conductive members and said housing so as 1o be
circumferentially surrounded by at least portions of
said first and second fins, said first and second fins
being telescopically movable with the clearance so as
to enable the base portion to be maintained in sub-
stantially planar surface contact with the back ptanar
surface of the semiconductor device even if the semi-
conductor device is tilted.

6. A cooling device as claimed in claim 1, wherein said
first and second fins respectively include a plurality of
parallel plate-like members of a thickness in a range 0.2-2.6
mm.

7. A cooling device as claimed in claim [, wherein each
of said springs is fixedly held in a recess formed in said
housing and a recess formed in the center of the base portion
of said thermal conductive member.

8. A cooling device as claimed in claim 5, wherein said
30 first and second fins form a plurality of parallel plate-like
members.

9. A cooling device as claimed in claim 5, wherein each
of said resilient members is inserted in a gap surrounded by
ar least the portions of said first and second fins between
said housing and a center part of the base portion of said
thermal conductive members.

10. A cooling device as claimed in claim 9, wherein said
first and second fins form a plurality of parallel plate-like
members.

11. A cooling device as claimed in claim 5, where each of
said resilient members is a spring.

12. A cooling device as claimed in claim 5, wherein the

clearance extends in a direction transverse to an extension
direction of said first and second fins.
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