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(57) ABSTRACT 

A cooling device capable of both poWer generation using 
heat from a heat-generating component and cooling of the 
heat-generating component is provided. The cooling device 
has a heat-receiving part Which receives heat conducted 
from a CPU 20, Which is an external heat-generating com 
ponent, a thermoelectric conversion part arranged to absorb 
heat from the heat-receiving part and having operating 
modes including a mode of cooling the heat-receiving part 
by being supplied With a current and a poWer generation 

(22) Filed; Man 13, 2003 mode of converting heat received from the heat-receiving 
part into a current and outputting the current, and a selecting 

(30) Foreign Application Priority Data part Which makes a selection according to a temperature 
condition of the CPU 20 as to in Which one of the modes the 

Mar. 13, 2002 (JP) .................................... .. 2002-069129 thermoelectric conversion part should be operated. 
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COOLING DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a cooling device 
and, more particularly, to a cooling device With reduced 
poWer consumption and improved ef?ciency. 

[0002] In recent years, the development of energy-saving 
types of electric apparatuses, transport or mobile appara 
tuses, etc., considered necessary from the vieWpoint of 
environmental and energy problems, has been advanced. In 
information processing apparatuses including computers 
such as personal computers (PCs) and servers, external 
storage units, and communication apparatuses, poWer con 
sumption tends to increase With the increase in operating 
frequency and in performance of integrated circuits (ICs) 
such as central processing units (CPUs) and logic ICs. 
Therefore techniques for realiZing information processing 
apparatuses With reduced poWer consumption are being 
developed. 
[0003] For example, Published Unexamined Patent Appli 
cation No. 2001-282396 discloses a technique for generating 
poWer by thermoelectric conversion of heat generated from 
a heating-generating component of an electronic apparatus 
comprising a computer. According to the technique dis 
closed in Published Unexamined Patent Application No. 
2001-282396, generated poWer is used to drive each of 
blocks in the electronic apparatus, for example. 

[0004] Many of various kinds of apparatuses, such as 
electric apparatuses including information processors, and 
transport or mobile apparatuses, generate heat in the process 
of operating electrically or mechanically. In the art disclosed 
in Published Unexamined Patent Application No. 2001 
282396, this heat is utiliZed to generate poWer. On the other 
hand, in apparatuses in Which heat is generated, there is 
required a need to perform thermal processing for cooling 
the heat-generating component. Therefore, it is desirable to 
achieve both poWer generation and cooling With ef?ciency. 

SUMMARY OF THE INVENTION 

[0005] It is a purpose of the present invention to provide 
a cooling device capable of solving the above-described 
problem. This can be achieved by a combination of features 
described in the independent Claims, in the appended 
Claims, and more advantageous examples of the present 
invention are speci?ed in the dependent Claims. 

[0006] According to a ?rst aspect of the present invention, 
there is provided a cooling device and an electric apparatus 
using the cooling device, the cooling device having a 
heat-receiving part Which receives heat conducted from an 
external heat-generating member, a thermoelectric conver 
sion part arranged to absorb heat from the heat-receiving 
part and having operating modes including a cooling mode 
of cooling the heat-receiving part by being supplied With an 
electrical current, hereinafter a current, and a poWer gen 
eration mode of converting heat received from the heat 
receiving part into a current and outputting the current, and 
a selecting part Which makes a selection on the basis of a 
temperature condition of the heat-generating member as to 
in Which one of the operating modes the thermoelectric 
conversion part should be operated. 

[0007] According to a second aspect of the present inven 
tion, there is provided a cooling device and an electric 
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apparatus using the cooling device, the cooling device 
having a ?rst heat-receiving part and a second heat-receiving 
part each receiving heat conducted from the outside, a ?rst 
thermoelectric conversion part arranged to absorb heat from 
the ?rst heat-receiving part and having operating modes 
including a cooling mode of cooling the ?rst heat-receiving 
part by being supplied With a current, and a poWer genera 
tion mode of converting heat received from the ?rst heat 
receiving part into a current and outputting the current, and 
a second thermoelectric conversion part arranged to absorb 
heat from the second heat-receiving part and having oper 
ating modes including a cooling mode of cooling the second 
heat-receiving part by being supplied With a current, and a 
poWer generation mode of converting heat received from the 
second heat-receiving part into a current and outputting the 
current, Wherein in a case Where the ?rst thermoelectric 
conversion part operates in the poWer generating mode 
While the second thermoelectric conversion part operates in 
the cooling mode, the second thermoelectric conversion part 
uses the current output from the ?rst thermoelectric conver 
sion part to cool the second heat-receiving part. 

[0008] According to a third aspect of the present inven 
tion, there is provided a cooling method of cooling a 
heat-generating part Which generates heat, said method 
including a step of receiving through a heat-receiving part 
heat conducted from the heat-generating part, a step of 
selecting, on the basis of a temperature condition of the 
heat-generating part, the operating mode of a thermoelectric 
conversion part arranged to absorb heat from the heat 
receiving part, the operating mode including a cooling mode 
of cooling the heat-receiving part by being supplied With a 
current, and a poWer generation mode of converting heat 
received from the heat-receiving part into a current and 
outputting the current. 

[0009] According to a fourth aspect of the present inven 
tion, there is provided a cooling method of cooling a ?rst 
heat-generating part and a second heat-generating part each 
generating heat, the method including a step of receiving 
through a ?rst heat-receiving part heat conducted from the 
?rst heat-generating part, and a step of receiving through a 
second heat-receiving part heat conducted from the second 
heat-generating part, Wherein in a case Where a ?rst ther 
moelectric conversion part arranged to absorb heat from the 
?rst heat-receiving part and having operating modes includ 
ing a cooling mode of cooling the ?rst heat-receiving part by 
being supplied With a current and a poWer generation mode 
of converting heat received from the ?rst heat-receiving part 
into a current and outputting the current operates in the 
poWer generation mode While a second thermoelectric con 
version part arranged to absorb heat from the second heat 
receiving part and having operating modes including a 
cooling mode of cooling the second heat-receiving part by 
being supplied With a current and a poWer generation mode 
of converting heat received from the second heat-receiving 
part into a current and outputting the current operates in the 
cooling mode, a current output from the ?rst thermoelectric 
conversion part is input to the second thermoelectric con 
version part to cool the second heat-receiving part. 

[0010] The summary of the present invention is not a list 
of all necessary features of the present invention, and the 
present invention also includes subcombinations of 
described features. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Some of the purposes of the invention having been 
stated, others Will appear as the description proceeds, When 
taken in connection With the accompanying drawings, in 
Which: 

[0012] FIG. 1 is a diagram shoWing an external appear 
ance of an information processor 10 according to an embodi 
ment of the present invention; 

[0013] FIG. 2 is a diagram shoWing the internal structure 
of an information processor main unit 12 according to the 
embodiment of the present invention; 

[0014] FIG. 3 is a cross-sectional vieW of a portion of the 
information processor in Which a cooling unit 40 and a 
cooling unit 41 according to the embodiment of the present 
invention are provided; 

[0015] FIG. 4 is a diagram shoWing the construction of a 
thermoelectric device 60 according to the embodiment of the 
present invention; 

[0016] FIG. 5 is a diagram shoWing the construction of a 
thermoelectric conversion module 60A according to the 
embodiment of the present invention; 

[0017] FIG. 6 is a diagram shoWing a hardWare construc 
tion of the information processor 10 according to the 
embodiment of the present invention; 

[0018] FIG. 7 is a diagram shoWing a hardWare construc 
tion of a cooling control unit 1072 according to the embodi 
ment of the present invention; 

[0019] FIG. 8 is a ?oWchart of a cooling control program 
executed on the information processor 10 according to the 
embodiment of the present invention; 

[0020] FIG. 9 is a diagram shoWing the construction of a 
thermoelectric conversion module 60D in a ?rst modi?ca 
tion of the embodiment of the present invention; 

[0021] FIG. 10 is a diagram shoWing the construction of 
a thermoelectric conversion module 60E in a second modi 
?cation of the embodiment of the present invention; 

[0022] FIG. 11 is a diagram shoWing an external appear 
ance of a cooling unit 110 in a third modi?cation of the 
embodiment of the present invention; 

[0023] FIG. 12 is a cross-sectional vieW of the cooling 
unit 110 in the third modi?cation of the embodiment of the 
present invention; 

[0024] FIG. 13 is a diagram shoWing a method of attach 
ing thermoelectric conversion modules 60C to a heat pipe 
136 in the third modi?cation of the embodiment of the 
present invention; 

[0025] FIG. 14 is a diagram shoWing a state in Which the 
thermoelectric conversion modules 60C are attached to the 
heat pipe 136 in the third modi?cation of the embodiment of 
the present invention; and 

[0026] FIG. 15 is a diagram shoWing a method of attach 
ing a thermoelectric conversion module 60F to a multichip 
module 1310 in a fourth modi?cation of the embodiment of 
the present invention. 
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DETAILED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODIMENTS 

[0027] While the present invention Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which a preferred embodiment of the present inven 
tion is shoWn, it is to be understood at the outset of the 
description Which folloWs that persons of skill in the appro 
priate arts may modify the invention here described While 
still achieving the favorable results of this invention. 
Accordingly, the description Which folloWs is to be under 
stood as being a broad, teaching disclosure directed to 
persons of skill in the appropriate arts, and not as limiting 
upon the present invention. 

[0028] Referring noW more particularly to the accompa 
nying draWings, FIG. 1 shoWs the appearance of an infor 
mation processor 10 representing an embodiment of the 
present invention. The information processor 10 represent 
ing the embodiment is an example of an electric apparatus 
in accordance With the present invention. The information 
processor 10 has an information processor main unit 12 and 
a display unit 16. 

[0029] The information processor main unit 12 executes 
programs such as an application program and an operation 
system to perform information processing designated by a 
user for example. The information processor main unit 12 
has electronic components operating electronically, e.g., an 
integrated circuit, and mechanical components operating 
mechanically, e.g., a hard disk drive. These components are 
operated by using a battery or an external poWer supply. The 
information processor main unit 12 also has a keyboard unit 
14 Which is used by a user to input a command or the like 
and data to the information processor main unit 12. 

[0030] The display unit 16 displays to a user of the 
information processor 10 images produced by an application 
program and the operating system. 

[0031] FIG. 2 shoWs the internal structure of the infor 
mation processor main unit 12 representing the embodiment 
of the present invention. The information processor main 
unit 12 has as its internal components a motherboard 28, a 
hard disk drive 30, a CPU card 24, a cooling unit 40, and a 
cooling unit 41. 

[0032] The motherboard 28 is a board on Which memories 
such as a read-only memory (ROM) and a random-access 
memory (RAM), integrated circuits for controlling internal 
components of the information processor 10, etc., are 
mounted. The hard disk drive 30 stores programs and data 
used by the information processor 10. 

[0033] On the CPU card 24, a CPU 20, a host controller 
22, etc., are mounted. These components are connected to 
the mother board 28. The CPU 20 is an integrated circuit 
Which performs, for example, information processing and 
control of each component of the information processor 10 
by operating on the basis of a program Which is, for 
example, stored in one of the memories. The host controller 
22 is an integrated circuit Which transfers programs and data 
betWeen the CPU 20, the memories and other various 
input/output devices. Each of the CPU 20 and the host 
controller 22 operates by using poWer from a battery 
mounted on the information processor 10 or from an exter 
nal poWer supply, and generates heat While operating. Each 
of the CPU 20 and the host controller 22 is an example of 
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a heat-generating member or a heat-generating part in accor 
dance With the present invention. 

[0034] The cooling unit 40 generates poWer by utilizing 
heat generated by the CPU 20. The cooling unit 40 includes 
a thermoelectric conversion module 60A, a heat sink 42, and 
a fan 44. 

[0035] The thermoelectric conversion module 60A is a 
module for cooling the CPU 20 and/or generating poWer by 
utiliZing heat generated by the CPU 20. The thermoelectric 
conversion module 60A of this embodiment is bonded to a 
bottom portion of the heat sink 42 in such a position that a 
bottom surface 60A of the heat sink 42 is interposed betWeen 
the thermoelectric conversion module 60A and the CPU 20. 
The thermoelectric conversion module 60A receives heat 
from the CPU 20. The thermoelectric conversion module 
60A of this embodiment has operating modes including a 
cooling mode of cooling its loWer surface by using a current 
externally supplied, and a poWer generation mode of con 
verting heat received from its loWer surface into a current 
and outputting this current. 

[0036] The heat sink 42 is made of, for example, alumi 
num and forms an air passage for passage for air for cooling 
the upper surface of the thermoelectric conversion module 
60A. The fan 44 is a placed in the air passage formed in the 
heat sink 42, and draWs air from the outside into the heat 
sink 42 through an air inlet 25 provided With the CPU card 
24. Air draWn in by the fan 44 cools the upper surface of the 
thermoelectric conversion module 60A and is discharged 
through an exhaust outlet 48. Air discharged through the 
exhaust outlet 48 is released out of the information processor 
10 through an exhaust portion 50 provided in a side portion 
of a case 13. 

[0037] The heat sink 42 and the fan 44 described above are 
an example of a cooling part for cooling the upper surface 
of the thermoelectric conversion module 60A, i.e., the 
surface opposite from the loWer surface through Which heat 
from the CPU 20 is absorbed. 

[0038] The cooling unit 41 cools the host controller 22 and 
generates poWer by utiliZing heat generated by the host 
controller 22. The cooling unit 41 includes a thermoelectric 
conversion module 60B and a heatsink With ?ns, hereinafter 
?n 45. 

[0039] The thermoelectric conversion module 60B is a 
module for cooling the host controller 22 and generating 
poWer by utiliZing heat generated by the host controller 22. 
The thermoelectric conversion module 60B is bonded to the 
host controller 22, for example, by an adhesive having high 
thermal conductivity to enable the thermoelectric conver 
sion module 60B to receive heat from the host controller 22 
through its loWer surface. The thermoelectric conversion 
module 60B of this embodiment has operating modes 
including a cooling mode and a poWer generation mode, as 
does the thermoelectric conversion module 60A. 

[0040] The ?n 45 is bonded to the upper surface of the 
thermoelectric conversion module 60B to radiate heat from 
the upper surface of the thermoelectric conversion module 
60B to the interior of the case 13. Heat radiated to the 
interior of the case 13 is released out of the information 
processor 10 through an exhaust portion 50 or the like, for 
example, by a fan provided in the case 13 or by air caused 
by the fan 44. The ?n 45 of this embodiment is an example 
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of a cooling part for cooling the upper surface of the 
thermoelectric conversion module 60B, i.e., the surface 
opposite from the loWer surface through Which heat from the 
host controller 22 is absorbed. 

[0041] FIG. 3 is a cross-sectional vieW of a portion of the 
information processor in Which the cooling unit 40 and the 
cooling unit 41 of this embodiment are provided. The 
cooling unit 40 and the cooling unit 41 of this embodiment 
are placed in the case 13 betWeen the upper surface of the 
motherboard 28 and a supporting plate 15 provided in the 
loWer surface of the keyboard unit 14. The functions of the 
cooling unit 40 and the cooling unit 41 Will be described 
beloW in detail. 

[0042] The cooling unit 40 is provided on the upper 
surface of the CPU 20. Cooling of the CPU 20 With the 
cooling unit 40 is performed by tWo methods described 
beloW. 

[0043] (1) Heat generated by the CPU 20 is dissipated into 
the thermoelectric conversion module 60A and the entire 
heat sink 42 through the heat sink bottom surface 42A. Heat 
dissipated into the upper surface of the thermoelectric con 
version module 60A and the entire heat sink 42 is radiated 
to air draWn into the heat sink 42 by the fan 44 to be expelled 
to the outside of the information processor 10 through the 
exhaust outlet 48 and the exhaust portion 50. 

[0044] In this case, the thermoelectric conversion module 
60A may generate poWer by utiliZing heat generated by the 
CPU 20. The thermoelectric conversion module 60A may 
generate poWer by utiliZing the difference betWeen the 
temperature of its loWer surface heated by the CPU 20 and 
the temperature of its upper surface cooled by the heat sink 
42 and the fan 44. 

[0045] (2) If the CPU 20 is not suf?ciently cooled by the 
method (1), the information processor 10 further cools the 
CPU 20 by causing a current to How through the thermo 
electric conversion module 60A. In this case, the thermo 
electric conversion module 60A receives through the heat 
sink bottom surface 42a its loWer surface heat conducted 
from the CPU 20, and forcibly transfers the heat from its 
loWer surface to its upper surface by using the input current. 
The heat transferred to the upper surface of the thermoelec 
tric conversion module 60A is radiated to air draWn into the 
heat sink 42 by the fan 44 to be expelled to the outside of the 
information processor 10 through the exhaust outlet 48 and 
the exhaust portion 50. 

[0046] In the cooling unit 40, the heat sink 42, the fan 44 
and the thermoelectric conversion module 60A cooperate 
With each other to effectively cool the CPU 20 and generate 
poWer by utiliZing heat generated by the CPU 20. 

[0047] The cooling unit 41 is provided on the upper 
surface of the host controller 22. Cooling of the host 
controller 22 With the cooling unit 41 is performed by tWo 
methods described beloW. 

[0048] (1) Heat generated by the host controller 22 is 
conducted to the ?n 45 through the thermoelectric conver 
sion module 60B and a cushion member 74 having high 
thermal conductivity. The ?n 45 radiates to the interior of the 
case 13 the heat conducted through the cushion member 74 
from the upper surface of the thermoelectric conversion 
module 60B. 
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[0049] In this case, the thermoelectric conversion module 
60B may generate poWer by utilizing heat generated by the 
host controller 22, as does the thermoelectric conversion 
module 60A. 

[0050] (2) If the host controller 22 is not suf?ciently 
cooled by the method (1), the information processor 10 
further cools the host controller 22 by causing a current to 
How through the thermoelectric conversion module 60B. In 
this case, the thermoelectric conversion module 60B 
receives through its loWer surface heat conducted from the 
host controller 22, and forcibly transfers the heat from its 
loWer surface to its upper surface by using the input current. 
The heat transferred to the upper surface of the thermoelec 
tric conversion module 60B is conducted to the ?n 45 
through the cushion member 74 to be radiated to the interior 
of the case 13. 

[0051] In an alternate embodiment, each of the cooling 
parts constituted by the heat sink 42 and the fan 44 and the 
cooling parts constituted by the ?n 45 and the cushion 
member 74 may have a heat pipe for cooling the thermo 
electric conversion module 60A or the thermoelectric con 
version module 60B. More speci?cally, the cooling part 
constituted by the ?n 45 may conduct heat from the ther 
moelectric conversion module 60B to the ?n 45 by using a 
heat pipe in place of the cushion member 74 for eXample. In 
this case, the ?n 45 may be placed betWeen the eXhaust 
outlet 48 and the eXhaust portion 50 and heat may be 
conducted from the thermoelectric conversion module 60B 
to ?n 45 by using the heat pipe. The ?n 45 is thereby enabled 
to dissipate heat to air Which is to be discharged through the 
eXhaust outlet 48, thus cooling the thermoelectric conver 
sion module 60B. 

[0052] FIG. 4 shoWs the construction of a thermoelectric 
device 60 Which constitutes the thermoelectric conversion 
module 60A and the thermoelectric conversion module 60B 
of this embodiment. The thermoelectric conversion module 
60A is constructed by disposing four thermoelectric devices 
60 described beloW. The thermoelectric conversion module 
60B is constructed generally in the same manner as the 
thermoelectric conversion module 60A. 

[0053] The thermoelectric device 60 of this embodiment 
includes a heat-receiving portion 62, a heat-radiating portion 
64, and a thermoelectric conversion portion 65. 

[0054] The heat-receiving portion 62 is an insulating 
member of high thermal conductivity, Which receives heat 
conducted from an external heat-generating member such as 
the CPU 20 or the host controller 22. The heat-receiving 
portion 62 is positioned beloW the thermoelectric conversion 
module 60A or the thermoelectric conversion module 60B, 
as shoWn in FIGS. 2 or 3. The heat-radiating portion 64 is 
an insulating member of high thermal conductivity, Which 
radiates heat conducted from the heat-receiving portion 62 
to the cooling part. 

[0055] The thermoelectric conversion portion 65 includes 
n-type semiconductor elements 66, p-type semiconductor 
elements 68, and electrodes 70. The n-type semiconductor 
elements 66 and the p-type semiconductor elements 68 are 
alternately disposed betWeen the heat-receiving portion 62 
and the heat-radiating portion 64 and are electrically con 
nected in series by the electrode to form a pi shaped or 
hereinafter pi coupling. 
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[0056] The thermoelectric conversion portion 65 is 
arranged so as to be able to absorb heat from the heat 
receiving portion 62 and has operating modes including a 
cooling mode of cooling the heat-receiving portion 62 by 
being supplied With a current and a poWer generation mode 
of generating poWer by converting heat received from the 
heat-receiving portion 62 into a current. 

[0057] In the cooling mode, the thermoelectric conversion 
portion 65 of this embodiment cools the heat-receiving 
portion 62 by utiliZing the Peltier effect. More speci?cally, 
in the cooling mode, the information processor 10 inputs a 
current so that a current ?oWs in each n-type semiconductor 
element 66 in the direction from heat-radiating portion 64 to 
the heat-receiving portion 62 and a current ?oWs in each 
p-type semiconductor element 68 in the direction from 
heat-receiving portion 62 to the heat-radiating portion 64. In 
this event, in the n-type semiconductor element 66, electrons 
absorb thermal energy at the electrode 70 on the heat 
receiving portion 62 side, then move to the electrode 70 on 
the heat-radiating portion 64 side, and release thermal 
energy at the electrode 70 on the heat-radiating portion 64 
side. Similarly, in the p-type semiconductor element 68, 
holes absorb thermal energy at the electrode 70 on the 
heat-receiving portion 62 side, move to the electrode 70 on 
the heat-radiating portion 64 side, and release thermal 
energy at the electrode 70 on the heat-radiating portion 64 
side. As a result, thermal energy is transferred from the 
electrodes 70 on the heat-receiving portion 62 side to the 
electrodes 70 on the heat-radiating portion 64 side through 
the n-type semiconductor elements 66 and the p-type semi 
conductor elements 68. 

[0058] In the poWer generation mode, the thermoelectric 
conversion portion 65 of this embodiment converts heat 
from the heat-receiving portion 62 into a current by utiliZing 
the Seebeck effect. More speci?cally, in each n-type semi 
conductor element 66 in the poWer generation mode, elec 
trons at the electrode 70 on the heat-receiving portion 62 
side receive thermal energy to have their kinetic energy 
increased, so that the electrons move to the electrode 70 on 
the heat-radiating portion 64 side. Similarly, in each p-type 
semiconductor element 68, holes at the electrode 70 on the 
heat-receiving portion 62 side receive thermal energy to 
have their kinetic energy increased, so that the holes move 
to the electrode 70 on the heat-radiating portion 64 side. The 
kinetic energy of electrons and holes at the electrodes 70 on 
the heat-radiating portion 64 side is converted into thermal 
energy to be dissipated through the heat-radiating portion 
64. Electron and holes move as described above to cause 
currents through the n-type semiconductor elements 66, the 
p-type semiconductor elements 68 and the electrodes 70. In 
this manner, the thermoelectric device 60 can generate 
poWer. 

[0059] FIG. 5 shoWs the construction of the thermoelec 
tric conversion module 60A of this embodiment. The ther 
moelectric conversion module 60A of this embodiment is 
constructed by disposing, in grid form, four thermoelectric 
devices 60 shoWn in FIG. 4. 

[0060] At the bottom side of the thermoelectric conversion 
module 60A, four heat-receiving portions 62 Which receive 
heat conducted from the CPU 20 are placed in grid form in 
one-to-one correspondence With ?rst to fourth thermoelec 
tric devices 60. The thermoelectric conversion portions 65 in 
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the ?rst to fourth thermoelectric devices 60 are provided in 
different regions de?ned by dividing the thermoelectric 
conversion module 60A into a plurality of regions. The 
thermoelectric conversion portions 65 are provided in one 
to-one correspondence With the four heat-receiving portions 
62. The operating mode of each thermoelectric conversion 
portion 65 can be independently selected to operate in the 
cooling mode of being supplied With a current to cool the 
corresponding heat-receiving portion 62 or in the poWer 
generation mode of converting heat received from the heat 
receiving portion 62 into a current. 

[0061] The CPU 20 has various logic blocks, e.g., an 
instruction decoder, an integer arithmetic unit, a ?oating 
point arithmetic unit, a cache memory and a memory control 
circuit. The poWer consumption of each logic block varies 
depending on the kind of program executed by the CPU 20. 
Therefore a situation may occur in Which some of a plurality 
of regions of the CPU 20 need cooling While the other 
regions do not need cooling. It is possible for the informa 
tion processor 10 to independently select the most suitable 
operating mode for each of the ?rst to fourth thermoelectric 
conversion portions 65 corresponding to the four regions of 
the CPU 20 according to the operating conditions of the 
CPU 20 by using the thermoelectric conversion module 60A 
of this embodiment. 

[0062] FIG. 6 shoWs an example of a hardWare con?gu 
ration of the information processor 10 of this embodiment. 
The information processor 10 of this embodiment has a CPU 
peripheral section Which has the CPU 20, a RAM 1020, an 
information processing unit 1075 and a display unit 1080, 
and in Which the components are connected to each other by 
the host controller 22, a section around the CPU, containing 
the display unit 1080 a communication interface 1030 
connected to the host controller 22 by an input/output 
controller 1084, an input/output section having a hard disk 
drive 30, a compact disk-read only memory (CD-ROM) 
drive 1060 and a cooling control unit 1072, and a legacy 
input/output section Which has a ROM 1010, a ?oppy disk 
drive 1050, an input/output chip 1070, and input device 
1081, and in Which the components are connected to input/ 
output controller 1084. 

[0063] The host controller 22 is an integrated circuit Which 
is a heat-generating part from Which heat is conducted to the 
heat-receiving portion of the thermoelectric conversion 
module 60B. The host controller 22 includes a measuring 
portion 1085 for measuring the temperature of the host 
controller 22 acting as a heat-generating part. The measuring 
portion 1085 is a device such as heat sensor for measuring 
the temperature. The measuring portion 1085 is provided on 
the integrated circuit of the host controller 22 or the LSI 
package in Which the host controller 22 is mounted. 

[0064] The host controller 22 connects, to the RAM 1020, 
the CPU 20 and the information processing unit 1075, each 
of Which accesses the RAM 1020 at a high transfer rate. 

[0065] The CPU 20 is an integrated circuit Which is a 
heat-generating part from Which heat is conducted to each 
heat-receiving portion 62 in the thermoelectric conversion 
module 60A. The CPU 20 operates on the basis of programs 
stored in the ROM 1010 and the RAM 1020 to control each 
section. The information processing unit 1075 obtains image 
data Which is produced, for example, by the CPU 20 on a 
frame buffer provided in the RAM 1020, and displays the 
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image data on the display unit 1080. Alternatively, the 
information processing unit 1075 may incorporate a frame 
buffer for storing image data produced by the CPU 20 for 
example. 

[0066] The input/output controller 1084 connects, to the 
host controller 22, each of the communication interface 
1030, Which is an input/output device of a comparatively 
high speed, the hard disk drive 30, the CD-ROM drive 1060, 
and the cooling control unit 1072. The communication 
interface 1030 performs communication With other units 
over a netWork. The hard disk drive 30 stores programs and 
data used by the information processor 10. The CD-ROM 
drive 1060 reads a program or data from the CD-ROM 1095 
and installs the read program or data in the hard disk drive 
30. The cooling control unit 1072 makes a setting as to in 
Which operating mode each of the thermoelectric conversion 
portions 65 in the thermoelectric conversion module 60A 
and the thermoelectric conversion portion 65 in the thermo 
electric conversion module 60B Will be operated according 
to an instruction from a cooling control program running on 
the CPU 20. 

[0067] To the input/output controller 1084 are also con 
nected the ROM 1010 and the input/output devices having 
a comparatively loW operating speed, i.e., the ?oppy disk 
drive 1050, the input/output chip 1070, and the input device 
1081. In the ROM 1010 are stored a boot program executed 
by the CPU 20 at the time of startup of the information 
processor 10, a program Which depends on the hardWare of 
the information processor 10, etc. The ?oppy disk drive 
1050 reads output a program or data from a ?oppy disk 1090 
and installs the read program or data in the hard disk drive 
30. The input/output chip 1070 connects ?oppy disk 1090 
and various input/output devices, for example, through a 
parallel port, a serial port, a keyboard port and a mouse port. 
The input device 1081 controls the keyboard unit 14 to 
transmit input key data to the input/output chip 1070. 

[0068] According to the cooling control program running 
on the CPU 20, the cooling control unit 1072 is made to 
operate as a selecting portion to select the cooling mode or 
the poWer generation mode in Which each of the thermo 
electric conversion portion 65 should be operated according 
to the temperature condition of the corresponding CPU 20 
portion or the host controller 22. 

[0069] The cooling control program is provided to a user 
by being stored on a recording medium such as ?oppy disk 
1090, CD-ROM 1095 or an IC card (not shoWn). The 
cooling control program is read out from the recording 
medium, installed in the hard disk drive 30 and executed in 
the information processor 10. 

[0070] The cooling control program provided to the infor 
mation processor 10 by being stored on a recording medium 
has a selecting module Which is a program for enabling the 
information processor 10 to operate as a selecting part. 

[0071] The above-described programs or modules may be 
stored on an external storage medium. As such a storage 
medium, optical recording mediums, e.g., a digital versatile 
disk (DVD) and a phase change reWritable disk, magne 
tooptic disks, e.g., MiniDisc, tape mediums, and semicon 
ductor memories, e.g., an IC card may be used as Well as 
?oppy disk 1090, CD-ROM 1095. Also, a storage device 
such as a hard disk or a RAM provided in a server system 
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connected to a private communication network or the inter 
net may be used as a recording medium to provide programs 
to the information processor 10. 

[0072] FIG. 7 shoWs a hardWare con?guration of the 
cooling control unit 1072 of this is embodiment. The cooling 
control unit 1072 of this embodiment includes sWitches 
700a to 700c, poWer measuring sections 710a and 710b, 
DC/DC converters 720a to 720c, a main poWer supply 
section 730, a poWer distribution section 740, recti?ers 750a 
to 750c, and a setting section 760. 

[0073] Each of the sWitches 700a to 700c is set in a 
conductive state by the setting section 760 When the poWer 
generation mode is selected. In this state, each of the 
sWitches 700a to 700c supplies a current output from a 
positive electrode of the corresponding one of the thermo 
electric conversion portions 65 in the thermoelectric con 
version modules 60A and 60B to the corresponding one of 
the poWer measuring sections 710a, the poWer measuring 
section 710b, and the DC/DC converter 720c. 

[0074] When the cooling mode is selected, each of the 
sWitches 700a to 700c is set in a cut or open state by the 
setting section 760. 

[0075] The poWer measuring portions 710a and 710b 
respectively measure electromotive forces of the thermo 
electric conversion portions 65 in the thermoelectric con 
version module 60A connected in the poWer generation 
mode. According to the cooling control program, the tem 
perature difference of each heat-receiving portion 62 from 
the temperature of the heat-radiating portion 64 used as a 
reference is computed on the basis of the poWer value 
measured With the corresponding one of the poWer measur 
ing sections 710a to 710b in the poWer generation mode. 
Then, according to the cooling control program, one of the 
cooling mode and the poWer generation mode in Which each 
of the thermoelectric conversion portions 65 in the thermo 
electric conversion module 60A should be operated is 
selected on the basis of the computed temperature differ 
ence. 

[0076] Each of the DC/DC converters 720a to 720c per 
forms, for examples, boosting so that the voltage value of 
poWer output from the corresponding one of the thermo 
electric conversion portions 65 in the thermoelectric con 
version module 60A coincides With a voltage value output 
from a main poWer supply section 730. 

[0077] The main poWer supply section 730 converts the 
voltage value and the current value of the battery of the 
information processor 10 or poWer input to the information 
processor 10 into the values of the voltage and current used 
in the information processor 10. 

[0078] ApoWer distribution section 740 redistributes poW 
ers input from the DC/DC converters 720a to 720c and the 
main poWer supply section 730 to the thermoelectric con 
version portions 65 in the thermoelectric conversion module 
60A, the thermoelectric conversion portion 65 in the ther 
moelectric conversion module 60B, and the sections of the 
information processor 10. For example, in a case Where the 
?rst thermoelectric device 60 in the thermoelectric conver 
sion module 60A is operating in the poWer generation mode 
While the second thermoelectric device 60 in the thermo 
electric conversion module 60A is operating in the cooling 
mode, the poWer distribution section 740 enables by the 
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above-described poWer redistribution the thermoelectric 
conversion portion 65 in the second thermoelectric device 
60 to use the current output from the thermoelectric con 
version portion 65 in the ?rst thermoelectric device 60 to 
cool the heat-receiving portion 62 in the second thermoelec 
tric device 60. 

[0079] Each of recti?ers 750a to 750c inputs to the cor 
responding one of the thermoelectric conversion portions 65 
the current output from the poWer distribution section 740 to 
the thermoelectric conversion portion 65 in the cooling 
mode. When one of the thermoelectric conversion portion 65 
is in the poWer generation mode, the corresponding one of 
the recti?ers 750a to 750c prevents the generated current 
from ?oWing backWard to the output of the poWer distribu 
tion section 740. 

[0080] The setting section 760 sets the operation of each 
section of the cooling control unit 1072 according to an 
instruction from the cooling control program running on the 
CPU 20. More speci?cally, When one of the thermoelectric 
device 60 is operated in the poWer generation mode, the 
cooling control unit 1072 sets in the conductive state one of 
the sWitches 700a to 700c corresponding to the thermoelec 
tric device 60 and stops the current output from the poWer 
distribution section 740 to the thermoelectric device 60. 
Also When one of the thermoelectric device 60 is operated 
in the cooling mode, the cooling control unit 1072 sets in the 
cut or open state one of the sWitches 700a to 700c corre 
sponding to the thermoelectric device 60 and makes the 
poWer distribution section 740 output the current to the 
thermoelectric device 60. In this case, the setting section 760 
may change the cooling poWer by changing the current value 
output from the poWer distribution section 740 to the ther 
moelectric device 60 on the basis of the temperature con 
dition in the thermoelectric device 60. 

[0081] FIG. 8 shoWs the process of the cooling control 
program executed in the information processor 10 of this 
embodiment. 

[0082] First, according to the cooling control program, one 
of all the thermoelectric conversion portions 65 in the 
thermoelectric conversion modules 60A and 60B is selected 
as a processing object. A determination is then made as to 
Whether measuring portion 1085 is provided in correspon 
dence With the thermoelectric conversion portion 65 selected 
as an object of processing (S800). 

[0083] If the processing-object thermoelectric conversion 
portion 65 belongs to the thermoelectric conversion module 
60B, the corresponding measuring portion 1085 is provided. 
In this case, the selecting module of the cooling control 
program conducts a measurement of the temperature of the 
host controller 22 With the measuring portion 1085 (S810). 

[0084] If the processing-object thermoelectric conversion 
portion 65 belongs to the thermoelectric conversion module 
60A, no measuring portion 1085 is provided. The selecting 
module makes the setting portion 760 in the cooling control 
unit 1072 temporarily set the processing-object thermoelec 
tric conversion portion 65 in the poWer generation mode 
(S820). Next, the selecting module conducts a measurement 
of the electromotive force of the processing-object thermo 
electric conversion portion 65 With the corresponding one of 
the poWer measuring sections 710a to 710b (S830). Then, 
the selecting module conducts computation of the tempera 
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ture in the corresponding region of the CPU 20 on the basis 
of the electromotive force measured in S830 (S840). 

[0085] Next, the selecting module compares the result of 
the temperature measurement in S810 or S840 With a set 
value Which is a temperature threshold value set in advance 

(S850). 
[0086] If the selecting module determines that the tem 
perature of the heat-generating portion corresponding to the 
processing-object thermoelectric device 60 is equal to or 
higher than the set value, it selects the cooling mode as the 
operating mode of the thermoelectric conversion portion and 
makes the setting section 760 set the processing-object 
thermoelectric device 60 in the cooling mode (S860). If the 
selecting module determines that the temperature of the 
heat-generating portion corresponding to the processing 
object thermoelectric device 60 is loWer than the set value, 
it selects the poWer generation mode as the operating mode 
of the thermoelectric conversion portion and makes the 
setting section 760 set the processing-object thermoelectric 
device 60 in the poWer generation mode (S870). 

[0087] According to the cooling control program, process 
ing from S800 to S870 are successively performed With 
respect to each thermoelectric conversion portion 65 until 
the processing from S800 to S870 are completed With 
respect to all the thermoelectric conversion portions 65 
(S880). 
[0088] By the above-described processing from S820 to 
S850, the selecting module of the cooling control program 
selects the poWer generation mode as the operating mode of 
each thermoelectric conversion portion 65 by predetermined 
timing determined according to the programmed operation. 
The selecting module then conducts computation of the 
temperature difference of the heat-receiving portion 62 from 
the reference temperature on the basis of the poWer value 
output from the thermoelectric conversion portion 65 in the 
poWer generation mode to enable selection on the basis of 
the temperature difference of one of the operating modes in 
Which the thermoelectric conversion portion 65 should be 
operated. Alternatively, the selecting module may conduct 
the processing from S820 to S850 by using timing based on 
a predetermined period. Also, the selecting module may 
determine the timing of the processing from S820 to S850, 
for example, according to the temperature measured in S840 
in accordance With a predetermined algorithm. More spe 
ci?cally, for example, if the selecting module determines 
that the temperature of the heat-receiving portion 62 
obtained by immediately preceding measurement exceeds 
the set value by an amount equal to or larger than a certain 
amount, it may set the period before the next execution of 
the processing from S820 to S850 longer in comparison With 
the case Where the temperature of the heat-receiving portion 
62 does not exceed the set value by an amount equal to or 
larger than the certain amount. 

[0089] In the processing in step 840 described above, the 
selecting module may also conduct computation of the 
temperature of the heat-receiving portion 62 by addition of 
the temperature difference betWeen the heat-receiving por 
tion 62 and the heat-radiating portion 64 derived from the 
Seebeck effect and the reference temperature, i.e., the tem 
perature of the heat-radiating portion 64. For this computa 
tion, the selecting module may conduct a measurement of 
the reference temperature, for example, With temperature 
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sensors for measuring the temperature of the heat-radiating 
portion 64 and the temperature of air outside the information 
processor 10. Alternatively, the selecting module may use as 
a reference temperature a predetermined value, e.g., a high 
temperature-side limit value With respect to an operating 
temperature condition of the information processor 10, or a 
value determined by adding a margin to the high-tempera 
ture-side limit value. 

[0090] In the processing in step 850 described above, the 
selecting module may use only one set value as a threshold 
value of the temperatures of different heat-receiving portions 
62 and may use different set values according to the oper 
ating temperature range of CPU 20 or the host controller 22 
to be cooled. 

[0091] Also, in the processing in step 850 described 
above, the selecting module may select the cooling mode as 
the operating mode of the thermoelectric conversion portion 
65 if it determines that the temperature of the corresponding 
processing-object heat-generating portion is equal to or 
higher than a ?rst temperature set in advance, and may select 
the poWer generation mode as the operating mode of the 
thermoelectric conversion portion 65 if it determines that the 
temperature of the corresponding processing-object heat 
generating portion is loWer than a second temperature set in 
advance as a temperature loWer than the ?rst temperature. In 
this case, When the selecting module determines that the 
temperature of the processing-obj ect heat-generating portion 
is a temperature equal to or higher than the second tempera 
ture and loWer than the ?rst temperature, it may set as the 
operating mode of the corresponding thermoelectric conver 
sion portion 65 an operating mode other than the cooling 
mode and the poWer generation mode, e.g., an operation halt 
mode in Which input or output of a current to or from the 
thermoelectric conversion portion 65 is not performed. 

[0092] The above-described cooling device having the 
cooling unit 40, the cooling unit 41, and the cooling program 
can operate by suitably selecting the cooling mode and the 
poWer generation mode of each thermoelectric device 60 in 
the thermoelectric conversion module 60A and/or the ther 
moelectric device 60 in the thermoelectric conversion mod 
ule 60B on the basis of the temperature conditions of CPU 
20 and/or the host controller 22. Thus, the cooling device 
having the cooling unit 40, the cooling unit 41, and the 
cooling program is capable of performing both poWer gen 
eration and cooling With ef?ciency and makes it possible to 
provide information processor 10 With reduced poWer con 
sumption. 

[0093] FIG. 9 shoWs the construction of a thermoelectric 
conversion module 60D in a ?rst modi?cation of the 
embodiment of the present invention. The information pro 
cessor 10 in this modi?cation uses the thermoelectric con 
version module 60D in place of the thermoelectric conver 
sion module 60A as a module for performing cooling of 
CPU 20 and/or generating poWer by utiliZing heat generated 
by the CPU 20. 

[0094] As shoWn in FIG. 9, the thermoelectric conversion 
module 60D is constructed by concentrically placing ther 
moelectric devices 60D-1 to 60D-5 each having the same 
construction as the thermoelectric device 60 shoWn in FIG. 
4. The heat-receiving portions 62 of the thermoelectric 
devices 60D-1 to 60D-5 are placed so as to form one surface. 
The heat-receiving portions 62 of the thermoelectric devices 










