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(57) ABSTRACT 

A module for cooling a heat generating element comprising 
a heat receiving plate thermally connected to at least one 
heat generating element; a heat transfer device one end 
portion of Which is thermally connected to the heat receiving 
plate and other end portion of Which is thermally connected 
to a heat dissipating plate; a thermoelectric cooler one face 
of Which is thermally connected to one face of the heat 
dissipating plate; a ?rst heat sink thermally connected to 
other face of the heat dissipating plate; and a second heat 
sink thermally connected to other face of said thermoelectric 
cooler. 
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MODULE FOR COOLING SEMICONDUCTOR 
DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a cooling device 
for cooling an element to be cooled having a high heat 
generating density such as semiconductor elements using a 
thermoelectric cooler (Which is also referred to as TEC), for 
example a Peltier cooler. 

[0003] 2. Related Art 

[0004] Recently, an electronic appliance includes high 
poWer and densely integrated components such as micro 
processor therein. Since the microprocessor is densely inte 
grated and processes computing and control at high speed, 
a large amount of heat is generated. Various cooling systems 
are proposed to cool chips Which are high poWer and densely 
integrated components. A heat pipe or Peltier device is 
represented as one of the typical cooling systems. 

[0005] The heat pipe comprises a round pipe shaped heat 
pipe and a ?at shaped heat pipe. The ?at heat pipe is 
favorably applied for cooling a component to be cooled of 
an electronic device such as a CPU, or the like due to the fact 
that the heat pipe can be easily attached to the component to 
be cooled, and the heat pipe has a large contact area. 

[0006] Furthermore, the heat pipe is classi?ed by the 
manner to be attached to the component into a top-heat mode 
heat pipe in Which a heat absorbing side of the heat pipe is 
positioned above a heat dissipating side thereof, and a 
bottom-heat mode heat type in Which the heat absorbing side 
of the heat pipe is positioned beloW the heat dissipating side 
thereof. In the bottom-heat mode heat pipe, a Working ?uid 
circulates by the gravity. HoWever, in the top-heat mode heat 
pipe, the Working ?uid has to be circulated against the 
gravity, thus a capillary phenomenon of a Wick is introduced 
in the heat pipe in general. 

[0007] A holloW space is prepared Within the heat pipe 
Which functions as a passage for Working ?uid. Heat is 
transferred by a phase transition betWeen vaporiZation and 
condensation as Well as movement of the Working ?uid. The 
heat pipe having a sealed holloW portion in Which the 
Working ?uid is phase-transited and moved so as to transfer 
heat is operated as folloWs: 

[0008] In the heat absorbing side of the heat pipe, the heat 
generated by the component to be cooled and conducted 
through the material forming the container of the heat pipe 
is absorbed to vaporiZe the Working ?uid. The vaporiZed 
Working ?uid is transferred to the heat dissipating side of the 
heat pipe. In the heat dissipating side of the heat pipe, the 
vaporiZed Working ?uid is condensed to release the latent 
heat and returned to a ?uid phase Working ?uid. The 
Working ?uid returned to a ?uid phase circulates back to the 
heat absorbing side. Thus, the heat is transferred by the 
phase transition and movement of the Working ?uid. 

[0009] In a gravity-type heat pipe, the Working ?uid 
returned to a liquid state by the phase transition moves (i.e., 
circulates) to the heat absorbing side of the heat pipe by 
gravity. 
[0010] Furthermore, recently, since a semiconductor 
device processing high speed signal generates larger amount 
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of heat, the above mentioned heat pipe does not fully cool 
the device. In order to cool the semiconductor device 
generating large amount of heat, a cooling device in Which 
a thermoelectric cooler such as peltier device is directly 
attached to the semiconductor device is proposed. 

[0011] In general, When tWo kinds of conductors A, B are 
connected, and a current ?oWs at a constant temperature, the 
heat is generated or absorbed at a contact point of the 
conductors A and B, Which is called as Peltier effect. A 
Peltier element uses the principle. More speci?cally, p-type 
thermoelectric semiconductor elements and n-type thermo 
electric semiconductor elements are arranged alternately in 
parallel, and electrodes are placed at both ends of each of the 
semiconductor element. Both ends of the respective semi 
conductor elements and the electrodes are jointed by sol 
dering. Each of the p-type semiconductor elements and the 
n-type semiconductor elements, Which are arranged alter 
nately in parallel, are electrically connected in series through 
the corresponding electrodes. 

[0012] Furthermore, an electric circuit Which is formed by 
the electrodes, the p-type semiconductor elements, and the 
n-type semiconductor elements are electrically insulated 
from outside by a pair of electrically insulated substrates 
Which are arranged outside of the respective electrodes. The 
electrodes and the electrically insulated substrates are 
jointed by soldering. Thus, the Peltier device has a construc 
tion in Which the electric circuit formed by the electrodes, 
the p-type semiconductor elements, and the n-type semicon 
ductor elements are sandWiched by tWo electrically insulated 
substrates. By the above described Peltier device, the heat at 
one of the electrically insulated substrates is transferred to 
the other electrically insulated substrate so that the one 
electrically insulated substrate side is cooled. 

[0013] Conventionally, for eXample, as disclosed in J apa 
nese Patent Provisional Publication No. 2004-071969 (cf. 
FIG. 2-10), it is knoWn that the heat from the heat generating 
source is spread by a heat receiving-spreading device, and 
the loW temperature side of the Peltier device is attached to 
the heat receiving-spreading device, thus the heat is input 
into the Peltier device. A copper heat sink is attached to the 
high temperature side of the Peltier device. More speci? 
cally, as shoWn in FIG. 2-11, in the conventional cooling 
device 100, a heat receiving-spreading device 101 is ther 
mally connected to a heat generating source 103. A cooling 
face of the thermoelectric device 102 is connected to the heat 
receiving-spreading device 101, and a heat dissipating face 
of the thermoelectric device 102 is connected to a heat sink 
104. 

[0014] HoWever, there are the folloWing problems in the 
conventional method in Which the loWer temperature side of 
the Peltier device is attached to the heat generating source 
While the higher temperature side of the Peltier device is 
attached to the heat sink. 

[0015] When the heat from the heat generating source (for 
eXample, CPU) increases, the heat absorbing of the Peltier 
device (TEC) is not suf?cient so that the thermal resistance 
of the cooling module rises. More speci?cally, it becomes 
dif?cult to enlarge the temperature difference betWeen the 
heat sink and the cooling air, thus deteriorating the cooling 
ef?ciency. For example, although the required temperature 
difference for the heat generating source of 120 W is 15 
degree centigrade, the temperature difference obtained by 
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the easily available Peltier device is at the most 12 degree 
centigrade. It becomes dif?cult to sufficiently cool the heat 
generating source by the thermoelectric device, When the 
heat from the CPU is over 120 W under the condition of a 
spreading resistance of 0.10 W in the heat receiving 
spreading device. 

[0016] In addition, it is generally knoWn that each com 
ponent of the conventional cooling device is thermally 
connected by the use of a thermal grease. HoWever, it is 
dif?cult to control a thickness of the thermal grease, leading 
to a large variation of the contact resistance betWeen com 
ponents. When the thickness of the grease is large, a total 
thermal resistance of the cooling module becomes high. 

SUMMARY OF THE INVENTION 

[0017] One object of the invention is to provide a heat sink 
for cooling a semiconductor element generating a large 
amount of heat, Which enlarges a temperature difference 
betWeen the heat sink and the cooling air to improve a 
cooling efficiency. 
[0018] Another object of the invention is to provide a 
module for cooling a high heat generating element Which 
reduces the heat absorbed by the thermoelectric device to 
have a small poWer consumption With loW fan noise, and 
enables to be applied to a small system, in addition to have 
a Wide design choice. 

[0019] Inventors have intensely studied to overcome the 
above-described problems in the conventional devices. As a 
result, it has been found that When at least part of the heat 
transferred to the heat receiving/spreading module from the 
heat generating source is transferred by the heat pipe to 
another direction to reduce the heat passing through the 
thermoelectric cooler, the temperature difference in the 
thermoelectric cooler can be enlarged so that the poWer 
consumption in the thermoelectric cooler is reduced to 
improve a heat ef?ciency of the cooling module. 

[0020] Furthermore, it has been found that When the heat 
transferred by the heat pipe to another direction is thermally 
contacted With to the upper portion of the heat sink, the fan 
ef?ciency is improved and the heat efficiency of the cooling 
module can be improved, While a large heat sink is used as 
the heat sink connected to the thermoelectric cooler in the 
conventional device and the fan ef?ciency in the conven 
tional device is about 80%. 

[0021] The present invention Was made on the basis of the 
above study results. A ?rst embodiment of the module for 
cooling a semiconductor element is a module comprising a 
heat receiving/spreading device thermally connected to at 
least one heat generating element; a thermoelectric cooler 
thermally connected to said heat receiving/spreading device; 
a heat sink thermally connected to said thermoelectric 
cooler, and a heat pipe thermally connected to said heat 
receiving/spreading device to transfer a heat of said heat 
generating element in another direction, Wherein the heat of 
said heat generating element is divided into at least tWo 
directions to be transferred and dissipated. 

[0022] In a second embodiment of the module for cooling 
a semiconductor element, another heat sink is thermally 
connected to other end of said heat pipe to transfer a main 
portion of heat from said heat generating element, and to 
transfer a remaining portion of the heat through said ther 
moelectric cooler. 
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[0023] In a third embodiment of the module for cooling a 
semiconductor element, said heat sink comprises a ?rst heat 
sink and a second heat sink, said ?rst heat sink is thermally 
connected to said thermoelectric cooler, said second heat 
sink is installed above the ?rst heat sink, other end of said 
heat pipe is thermally connected to said second heat sink, a 
main portion of heat from said heat generating element is 
transferred to said second heat sink by said heat pipe, and a 
remaining portion of the heat from said heat generating 
element is transferred to said ?rst heat sink through said 
thermoelectric cooler. 

[0024] In a fourth embodiment of the module for cooling 
a semiconductor element, said heat pipe comprises a 
U-shaped round heat pipe having a prescribed elasticity, said 
thermoelectric cooler and said ?rst heat sink are arranged to 
be sandWiched by said second heat sink and said heat 
receiving/spreading device to loWer a contact heat resis 
tance. 

[0025] In a ?fth embodiment of the module for cooling a 
semiconductor element, a cooling fan is installed to said 
second heat sink. 

[0026] In a siXth embodiment of the module for cooling a 
semiconductor element, a soft metal foil as a thermal inter 
face material is arranged betWeen said heat receiving/ 
spreading device and said thermoelectric cooler, as Well as 
betWeen said thermoelectric cooler and said heat sink, 
respectively. 

[0027] In a seventh embodiment of the module for cooling 
a semiconductor element, through holes are provided in 
corresponding prescribed positions in said heat receiving/ 
spreading device, said thermoelectric cooler and said heat 
sink, respectively, and said heat receiving/spreading device, 
said thermoelectric cooler and said heat sink are fastened by 
corresponding screWs. 

[0028] In a eighth embodiment of the module for cooling 
a semiconductor element, a fastening force is controlled so 
as to be a constant torque. 

[0029] In a ninth embodiment of the module for cooling a 
semiconductor element, a heat generated in said heat gen 
erating element is at least 100 W. 

[0030] In a tenth embodiment of the module for cooling a 
semiconductor element, another heat pipe is thermally con 
nected to said heat receiving/spreading device to transfer a 
heat from another heat generating element to said heat 
receiving/spreading device. 

[0031] Furthermore, the inventors have intensely studied 
to overcome the above described problems in the conven 
tional devices. As a result, it has been found that the heat 
absorbed by the thermoelectric device can be reduced by the 
folloWing module, i.e., the heat receiving plate and the heat 
dissipating plate are thermally connected by a heat transfer 
device, then a heat sink is thermally connected to one face 
of the heat dissipating plate and the thermoelectric device is 
thermally connected to the other face of the heat dissipating 
plate, and in addition, another heat sink is thermally con 
nected to a heat dissipating face of the thermoelectric device. 
Together With the above, a prescribed temperature difference 
can be obtained While maintaining small poWer consumption 
of the thermoelectric device. As a result, it is possible to 
doWnsiZe a heat sink and to reduce noise of the fan, leading 
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to downsizing the module. Furthermore, it has been found 
that since the heat receiving plate and the heat dissipating 
plate are thermally connected by the heat transfer device 
such as a heat pipe, cooling Water pump or the like, the heat 
dissipating plate can be appropriately arranged, thus having 
a Wide design choice. 

[0032] The present invention Was made on the basis of the 
above study results. A eleventh embodiment of the module 
for cooling a heat generating element comprises a heat 
receiving plate thermally connected to at least one heat 
generating element; a heat transfer device one end portion of 
Which is thermally connected to said heat receiving plate and 
other end portion of Which is thermally connected to a heat 
dissipating plate; a thermoelectric cooler one face of Which 
is thermally connected to one face of said heat dissipating 
plate; a ?rst heat sink thermally connected to other face of 
said heat dissipating plate; and a second heat sink thermally 
connected to other face of said thermoelectric cooler. 

[0033] In a tWelfth embodiment of the module for cooling 
a heat generating element, said heat transfer device com 
prises a heat pipe. 

[0034] In a thirteenth embodiment of the module for 
cooling a heat generating element, said heat transfer device 
comprises a forcible circulation device to transfer heat by 
forcibly circulating a cooling medium. 

[0035] A fourteenth embodiment of the module for cool 
ing a heat generating element comprises a heat receiving/ 
dissipating plate one face of one end portion of Which is 
thermally connected to at least one heat generating element, 
one face of other end portion of Which is thermally con 
nected to one face of a thermoelectric cooler, other face of 
said other end portion of Which is thermally connected to a 
?rst heat sink; and a second heat sink thermally connected 
to other face of said thermoelectric cooler. 

[0036] In a ?fteenth embodiment of the module for cool 
ing a heat generating element, said heat dissipating plate, 
said thermoelectric cooler, said ?rst heat sink and said 
second heat sink are arranged so as to be substantially 
perpendicular to said heat receiving plate. 

[0037] In a sixteenth embodiment of the module for cool 
ing a heat generating element, said heat dissipating plate, 
said thermoelectric cooler, said ?rst heat sink and said 
second heat sink are arranged so as to be substantially 
parallel to said heat receiving plate. 

[0038] In a seventeenth embodiment of the module for 
cooling a heat generating element, a third heat sink is further 
thermally connected to said heat receiving plate. 

[0039] In a eighteenth embodiment of the module for 
cooling a heat generating element, said ?rst heat sink 
comprises said heat dissipating plate or said heat receiving/ 
dissipating plate and a plurality of ?n plates ?xed thereon by 
crimping. 

[0040] In a nineteenth embodiment of the module for 
cooling a heat generating element, said second heat sink 
comprises a base plate and a plurality of ?n plates ?xed on 
said base plate by crimping. 

[0041] In a tWentieth embodiment of the module for 
cooling a heat generating element, said third heat sink 
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comprises said heat receiving plate and a plurality of ?n 
plates ?xed on said heat receiving plate by crimping. 

[0042] In a tWenty ?rst embodiment of the module for 
cooling a heat generating element, said heat transfer device 
is ?xed to said heat receiving plate by crimping. 

[0043] In a tWenty second embodiment of the module for 
cooling a heat generating element, said heat transfer device 
is ?xed to said heat dissipating plate by crimping. 

[0044] In a tWenty third embodiment of the module for 
cooling a heat generating, micro-channels are provided in 
said heat receiving plate, a cooling ?uid boiled and vapor 
iZed in said micro-channels is moved to said heat dissipating 
plate in a state of gas phase and returned there to ?uid state, 
and then the cooling ?uid thus returned to the ?uid state 
circulates to said heat receiving plate by means of said 
forcible circulation device. 

BRIEF DESCRIPTION OF DRAWINGS 

[0045] FIG. 1-1 is a schematic vieW explaining one 
embodiment of the module for cooling a semiconductor 
element of the invention and the heat ?oW therein; 

[0046] FIG. 1-2 is a disassembled schematic vieW of one 
of the module for cooling a semiconductor element of the 
invention; 

[0047] FIG. 1-3 is a schematic vieW of the module for 
cooling a semiconductor in Which components shoWn in 
FIG. 1-2 are assembled; 

[0048] FIG. 1-4 is a schematic vieW explaining other 
embodiment of the module for cooling a semiconductor 
element of the invention and the heat ?oW therein; 

[0049] FIG. 1-5 is a disassembled schematic vieW of one 
embodiment of the module for cooling a semiconductor 
element of the invention; 

[0050] FIG. 1-6 is a schematic vieW of the module for 
cooling a semiconductor in Which components shoWn in 
FIG. 1-5 are assembled; 

[0051] FIG. 1-7 is a schematic vieW explaining one 
embodiment of the module for cooling a semiconductor 
element of the invention; 

[0052] FIG. 1-8 is a schematic vieW explaining other 
embodiment of the module for cooling a semiconductor 
element of the invention; 

[0053] FIG. 1-9 is a schematic vieW explaining other 
embodiment of the module for cooling a semiconductor 
element of the invention; 

[0054] FIG. 2-1 is a graph shoWing a relationship betWeen 
COP (heat from the heat source/TEC driving poWer) and 
temperature difference of both surfaces of TEC; 

[0055] FIG. 2-2 is a schematic vieW of one embodiment 
of the module of the invention for cooling a heat generating 
element; 

[0056] FIG. 2-3 is a schematic vieW shoWing a How of the 
heat from the heat source in the module for cooling a heat 
generating element as shoWn in FIG. 2; 
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[0057] FIG. 2-4 is a schematic vieW explaining another 
embodiment of the module of the invention for cooling a 
heat generating element; 

[0058] FIG. 2-5 is a schematic vieW explaining another 
embodiment of the module of the invention for cooling a 
heat generating element; 

[0059] FIG. 2-6 is a schematic vieW explaining another 
embodiment of the module of the invention for cooling a 
heat generating element; 

[0060] FIG. 2-7 is a schematic vieW explaining another 
embodiment of the module of the invention for cooling a 
heat generating element; 

[0061] FIG. 2-8 is a schematic vieW explaining another 
embodiment of the module of the invention for cooling a 
heat generating element; 

[0062] FIG. 2-9 is a graph shoWing a relationship betWeen 
the poWer impressed to the TEC and heat resistance; 

[0063] FIG. 2-10 is a schematic vieW shoWing a conven 
tional module; and 

[0064] FIG. 2-11 is a schematic vieW shoWing a construc 
tion of the conventional module. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0065] The module for cooling a semiconductor element 
of the invention is described in detail With reference to the 
draWings. 

[0066] One embodiment of the module for cooling a 
semiconductor element is a module comprising a heat 
receiving/spreading device thermally connected to at least 
one heat generating element; a thermoelectric cooler ther 
mally connected to the heat receiving/spreading device; a 
heat sink thermally connected to the thermoelectric cooler, 
and a heat pipe thermally connected to the heat receiving/ 
spreading device to transfer a heat of the heat generating 
element in another direction, Wherein the heat of the heat 
generating element is divided into at least tWo directions to 
be transferred and dissipated. 

[0067] FIG. 1-1 is a schematic vieW explaining one 
embodiment of the module for cooling a semiconductor 
element of the invention and the heat flow therein. As shoWn 
in FIG. 1-1, in the module 1 for cooling a semiconductor of 
the invention, the heat of the heat generating source 5 (for 
example, about 200 W is generated therein) is transferred to 
the heat receiving/spreading device 2 through the thermal 
interface material 8-3. One end 6a of the heat pipe 6 is 
thermally connected to the heat receiving/spreading device 
2 to transfer the large portion (for example, 150 W) of the 
heat in another direction, and to transfer the remaining 
portion (for example, 50 W) of the heat through the ther 
moelectric cooler 3. The cooling face of the thermoelectric 
cooler 3 is thermally connected to the heat receiving/ 
spreading device 2 through the thermal interface material 
8-1. The heat sink 4 is thermally connected to the heat 
dissipating face of the thermoelectric cooler 3 through the 
thermal interface material 8-2. Another heat sink 7 is ther 
mally connected to other end of the heat pipe 6b. Since the 
amount of the heat passing through the thermoelectric 
element 3 is reduced as described above, the thermoelectric 
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element 3 can fully function to enlarge the temperature 
difference in the thermoelectric element. Thus, the tempera 
ture in the loWer temperature side of the thermoelectric 
element is loWered, and furthermore, the temperature in the 
upper portion of the heat sink 7 is raised by the heat pipe 6 
so that the ?n efficiency is maximiZed to improve a cooling 
efficiency as the cooling module. 

[0068] FIG. 1-2 is a disassembled schematic vieW of one 
of the module for cooling a semiconductor element of the 
invention. 

[0069] As shoWn in FIG. 1-2, in the module 1 for cooling 
a semiconductor element of the invention, the heat of the 
heat generating source (not shoWn) is transferred to the heat 
receiving/spreading device 2. Respective one ends 6a of the 
plurality of heat pipes 6 are thermally connected to the heat 
receiving/spreading device 2, and the respective other ends 
6b of the plurality of heat pipes 6 are thermally connected to 
another heat sink 7. On the other hand, the cooling face of 
the thermoelectric element 3 is thermally connected to the 
heat receiving/spreading device 2, and furthermore, the heat 
sink 4 is thermally connected to the heat dissipating face of 
the thermoelectric element 3. Most of the heat is therefore 
transferred in the direction to another heat sink 7 by the heat 
pipe, and the remaining heat is transferred through the 
thermoelectric element 3 to the heat sink 4. The poWer 
driven fan 20 is attached to the another heat pipe to dissipate 
the air With the temperature raised out of the box, for 
example. Thus, a large portion of the heat is transferred in 
another direction by the heat pipe to reduce the heat passing 
through the thermoelectric element 3. As a result, thermo 
electric element can fully function to enlarge the tempera 
ture difference. For example, the semiconductor generating 
the heat of about 200 W can be effectively cooled. 

[0070] FIG. 1-3 is a schematic vieW of the module for 
cooling a semiconductor in Which components shoWn in 
FIG. 1-2 are assembled. 

[0071] As shoWn in FIG. 1-3, both of the heat transferred 
to the heat sink 4 through the heat receiving/spreading 
device and the thermoelectric element, and the heat trans 
ferred to another heat sink 7 by the heat pipe are forcefully 
dissipated out of the box by the poWer driven fan. 

[0072] FIG. 1-4 is a schematic vieW explaining other 
embodiment of the module for cooling a semiconductor 
element of the invention and the heat flow therein. As shoWn 
in FIG. 1-4, the heat of the heat generating source 5 (for 
example, the generated heat of about 200 W) is transferred 
to the heat receiving/spreading device 2 through the thermal 
interface material 8-3 in the module 1 for cooling a semi 
conductor element of the invention. Then the heat is further 
transferred by the heat pipe 6 and the thermoelectric element 
3 thermally connected to the heat receiving/spreading device 
2. One end 6a of the heat pipe 6 is thermally connected to 
the heat receiving/spreading device 2 to transfer the most of 
the heat (for example, 150 W) in a different direction from 
the direction passing the thermoelectric cooler While the 
remaining of the heat (for example, 50 W) is transferred 
through the thermoelectric element 3. 

[0073] More speci?cally, the heat receiving/spreading 
device 2 is thermally connected to the cooling face of the 
thermoelectric cooler through the thermal interface material 
8-1, and the heat sink 4 is thermally connected to the heat 
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dissipating face of the thermoelectric cooler 3 through the 
thermal interface material 8-2. The other end 6b of the heat 
pipe 6 is inserted and ?xed into the hole formed in the upper 
portion of the heat dissipating ?n of the heat sink 4 to be 
thermally connected thereto. Since the amount of the heat 
passing through the thermoelectric cooler 3 is reduced, the 
thermoelectric cooler 3 fully functions to enlarge the tem 
perature difference therein. Furthermore, since the part of 
the heat of the heat generating source is directly transferred 
by the heat pipe to the upper portion of the heat dissipating 
?ns, the temperature in the upper portion of the heat dissi 
pating ?ns is raised to improve the ?n ef?ciency. The 
number of the heat pipes extending to the upper portion of 
the heat dissipating ?ns is decided on the amount of the heat 
passing through the thermoelectric cooler. 

[0074] FIG. 1-5 is a disassembled schematic vieW of one 
embodiment of the module for cooling a semiconductor 
element of the invention. In the embodiment of the module 
for cooling a semiconductor element, the other end of the 
heat pipe is inserted and ?xed in the heat dissipating ?ns of 
the heat sink. More speci?cally, respective ends of tWo heat 
pipes 6 are inserted and ?xed in the heat receiving/spreading 
device 2. The heat receiving/spreading device 2 is thermally 
connected to the cooling face of the thermoelectric cooler 3 
through the thermal interface material 8-1, and the base plate 
4 of the heat sink is thermally connected to the heat 
dissipating face of the thermoelectric cooler 3 through the 
thermal interface material 8-2. The other end 6b of the heat 
pipe 6 is inserted through the hole formed in the heat 
dissipating ?ns 9 of the heat sink and ?xed therein. 

[0075] The heat receiving/spreading device comprises a 
metal plate having excellent heat conductivity such as 
copper or a plate type heat pipe. The heat receiving/spread 
ing device may comprises a device using a heat pipe. The 
thermal interface material may be made of a metal foil 
having a small yield stress and excellent heat conductivity 
such as indium. 

[0076] Through holes 301 are formed in the four respec 
tive corners of the thermoelectric cooler, screW-holes 201 
are formed in the corresponding position of the heat receiv 
ing/spreading device to the positions of the above through 
holes 301, and through holes 801 are formed in the corre 
sponding position of the thermal interface material 8-1 to the 
positions of the above through holes 301. Furthermore, 
through holes 802 are formed in the corresponding positions 
of the thermal interface material 8-2 to the positions of the 
above through holes 301, and through holes 401 are formed 
in the corresponding positions of the heat sink 4 to the 
positions of the above through holes 301. 

[0077] To ?x the components of the module for cooling a 
semiconductor element, screWs 600 are inserted through the 
through holes 801, 301, 802, 401 and into the screW hole 
201, and then, the screWs 600 are fastened so that the 
fastening torque is constant, thus the contact pressure of the 
components becomes to be a prescribed value. The relation 
ship betWeen the fastening torque and the pressure is 
expressed as folloWs: 
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_ d2 PS pindsp (1) 

_ 2 1V minim! 

[0078] T: fastening torque d2: effective diameter 

[0079] p: screW pitch p: friction angle 

[0080] S: thermal conact area P: contact pressure 

[0081] N: number of screWs 

[0082] Since the thermal interface materials respectively 
sandWiched by the thermoelectric cooler 3 and the heat 
receiving/spreading device 2, as Well as the thermoelectric 
cooler 3 and the heat sink are made of a soft metal foil, the 
thermal interface materials are crushed to a speci?c thick 
ness and contacted With and ?lled in the uneven surfaces of 
the components. The contact heat resistance of the respec 
tive components can be small by the above-mentioned effect 
of the thermal interface material, and excellent heat con 
ductivity of the metal foil. 

[0083] The metal foil may be silver foil, tin foil or the like 
in addition to indium foil. 

[0084] FIG. 1-6 is a schematic vieW of the module for 
cooling a semiconductor in Which components shoWn in 
FIG. 1-5 are assembled. 

[0085] As shown in FIG. 1-6, according to the present 
invention, a compact module for cooling a semiconductor 
element can be provided. 

[0086] FIG. 1-7 is a schematic vieW explaining one 
embodiment of the module for cooling a semiconductor 
element of the invention. 

[0087] This embodiment of the module for cooling a 
semiconductor element includes a ?rst heat sink to Which the 
heat is transferred through the thermoelectric cooler, and a 
second heat sink to Which the heat is transferred by the heat 
pipe. The above-mentioned tWo heat sink are placed verti 
cally and thermally isolated. 

[0088] More speci?cally, this embodiment of the module 
for cooling a semiconductor element includes a heat receiv 
ing/spreading device thermally connected to at least one heat 
generating element, a thermoelectric cooler thermally con 
nected to the heat receiving/spreading device, a ?rst heat 
sink thermally connected to the thermoelectric cooler, a heat 
pipe thermally connected to the heat receiving/spreading 
device to transfer the heat in another direction, and a second 
heat sink thermally connected to the other end of the heat 
pipe. The second heat sink is placed above the ?rst heat sink, 
the main portion of the heat from the heat generating 
element is transferred by the heat pipe to the second heat 
sink While the remaining portion of the heat from the heat 
generating element is transferred through the thermoelectric 
cooler to the ?rst heat sink. 

[0089] As shoWn in FIG. 1-7, the module 1 for cooling a 
semiconductor element includes the heat receiving/spread 
ing device 2 thermally connected to the heat generating 
element, the thermoelectric cooler 3 thermally connected to 
the heat receiving/spreading device 2, the ?rst heat sink 4 
thermally connected to the thermoelectric cooler, and the 
heat pipe 6 With one end 6a thermally connected to the heat 
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receiving/spreading device 2 to transfer the heat from the 
heat generating element in another direction. The other end 
6b of the heat pipe 6 is thermally connected to the second 
heat sink 7. 

[0090] The second heat sink 7 is placed above the ?rst heat 
sink 4, and the main portion of the heat from the heat 
generating element is transferred by the heat pipe 6 to the 
second heat sink 7 While the remaining portion of the heat 
from the heat generating element is transferred through the 
thermoelectric cooler 3 to the ?rst heat sink 4. The poWer 
driven fan is further attached on the second heat sink 2 
forcefully dissipates out of the box for example the heat 
transferred to the ?rst heat sink and the second heat sink. 

[0091] The ?rst heat sink and the second heat sink are 
placed to be thermally isolated With about 1 mm space. 

[0092] Furthermore, as shoWn in FIG. 1-7, the heat pipes 
are bent to be U shape, and the heat dissipating ?ns are ?xed 
to the heat pipes. Thus prepared heat pipes With heat 
dissipating ?ns are placed above the ?ns attached to the high 
temperature side of the thermoelectric cooler. Accordingly, 
the module for cooling a semiconductor element can be 
doWnsiZed. 

[0093] FIG. 1-8 is a schematic vieW explaining other 
embodiment of the module for cooling a semiconductor 
element of the invention. As shoWn in FIG. 1-8, in case that 
a plurality of heat generating sources 5-1, 5-2 exist, a 
protruding portion or a recessed portion 2-1 is provided With 
the heat receiving/spreading device 2 per se. Even in this 
embodiment, as shoWn in FIG. 1-8, the other end of the heat 
pipe may be connected to the heat sink Which is connected 
to the heat dissipating face of the thermoelectric cooler 3 
through thermal interface material 8-2. Furthermore, the 
heat receiving/spreading device With a protruding or 
recessed portion may be applied to the module for cooling 
a semiconductor element With the ?rst and second heat 
sinks, as explained With reference to FIG. 7. 

[0094] FIG. 1-9 is a schematic vieW explaining other 
embodiment of the module for cooling a semiconductor 
element of the invention. In this embodiment of the module 
for cooling a semiconductor element, another heat pipe is 
thermally connected to the heat receiving/spreading device 
to transfer the heat from another heat generating element. 

[0095] As shoWn in FIG. 1-9, in case that the heat 
generating source 5-1 to be mainly cooled is positioned apart 
from another heat generating source 5-2 generating small 
heat, another heat pipe 6-2 is thermally connected to the heat 
receiving/spreading device 2 to transfer the heat from the 
another heat generating source 5-2 to the heat receiving/ 
spreading device 2. The another heat generating source 5-2 
is thermally connected to the heat receiving block through 
the thermal interface material 8-3, and one end of the 
another heat pipe is thermally connected to the heat receiv 
ing block. After the heat is transferred to the heat receiving/ 
spreading device, various embodiment as described above 
may be applied thereto. 

[0096] In addition, as shoWn in FIG. 1-2, a clip 30 may be 
used to ?x the heat receiving/spreading device 2, the ther 
moelectric cooler 3, and the heat sink as thermally con 
tacted. A prescribed notch to receive the clip may be 
provided With the heat dissipating ?n of the heat sink. 
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[0097] As described above, according to the present 
invention, amount of the heat absorbed by the thermoelectric 
cooler is reduced in comparison With the conventional 
module, a consumption poWer of the thermoelectric cooler 
necessary for cooling is reduced, thus improving the heat 
ef?ciency of the cooling module. Furthermore, since it is not 
necessary to prepare neW space for a tool for ?xing the 
components, the cooling module of small siZe can be pro 
vided. In addition, since parts such as ?xing tool except 
screWs are not required, the number of the parts is reduced, 
thus enabling to provide a cooling module With easily 
assembled at loW cost. Since the contact heat resistance 
betWeen the components can be the same value, the disper 
sion thereof becomes small. Since the metal foil easily 
crushed in a thickness direction and having an excellent heat 
conductivity is used, the contact heat resistance can be 
reduced to provide a cooling module having excellent cool 
ing ef?ciency. Furthermore, it is possible to make the contact 
pressure of the components be constant, thus enabling to 
provide a cooling module With small heat resistance at loW 
cost. 

[0098] Furthermore, other embodiments of the module for 
cooling a heat generating element are described With refer 
ence to the draWings. 

[0099] FIG. 2-1 is a graph shoWing a relationship betWeen 
an operational coef?cient COP (heat from the heat source/ 
TEC driving poWer) and temperature difference of the both 
surfaces of the TEC. FIG. 2-1-A is a graph shoWing a 
theoretical value betWeen COP and temperature difference 
of both surfaces of the TEC. FIG. 2-1-B is a graph shoWing 
experimental value When COP=3. 

[0100] The graph shoWing the theoretical value betWeen 
COP and temperature difference of both surfaces of the TEC 
is disclosed in “Extending the limits of air cooling With 
thermoelectrically enhanced heat sinks”, Jim Bierchenk et. 
al., 2004 Inter Society Conference on Thermal phenomena 
proceeding, pp 679-681, 2004. 

[0101] As shoWn in FIG. 2-1-A, When the value of COP 
is decided, the temperature difference betWeen the both ends 
of the TEC is decided. More speci?cally, When a heat source 
having a large amount of heat generation is cooled, it is 
necessary to have a large temperature difference in the TEC, 
thus a TEC driving poWer is needed to be large. As shoWn 
in FIG. 2-1-B, it is exempli?ed that When the value of COP 
is decided, the temperature difference betWeen the both ends 
of the TEC is decided, even though an amount of the 
generated heat varies. As shoWn in FIG. 2-1-B, When 
COP=3, the temperature difference is about 12 degree Cen 
tigrade and constant, Where, CFM (Cubic Feet Per Minutes) 
shoWs a cooling air ?oW rate. 

[0102] As described above, it is knoWn that a thermal 
resistance of over all heat dissipating module is loWered by 
a negative thermal resistance obtained by the TEC. More 
speci?cally, the folloWing equation is established: 

(Thermal resistance of the heat dissipating module)= 
(Thermal resistance of the heat spreading/heat transfer 
device)+(Negative thermal resistance obtained by the 
TEC)+(Thermal resistance of the heat dissipating heat 
sink) 

[0103] As shoWn in FIG. 2-1, When COP (Which is 
represented as a ratio of the heat absorbing amount of the 
TEC to the driving poWer of the TEC) is ?xed to be a 














