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LIQUID COOLING SYSTEM, AND ELECTRONIC 
APPARATUS HAVING THE SAME THEREIN 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an electronic appa 
ratus, such as, a personal computer, being so-called a desk 
top-type or a notebook-type, or a server, etc., and in par 
ticular, it relates to a liquid cooling system being able to cool 
doWn a heat-generation element mounted Within an inside 
thereof, such as, a semiconductor integrated element, effec 
tively With an aid of a liquid refrigerant or coolant, and 
further an electronic apparatus having such the liquid cool 
ing system therein. 

[0002] In order to maintain a normal operation thereof, 
cooling is necessary for the heat-generation element, such 
as, the semiconductor IC element, being mounted Within an 
electronic apparatus, including a personal computer, of 
called the desktop-type or the notebook-type, as Well as, a 
server, etc., and in particular, the heat-generation element, 
such as, a CPU (Central Processing Unit), as a representative 
one thereof, for example. For this reason, conventionally, 
such the cooling is achieved generally by using a heat 
transfer element, being so-called a heat sink that is formed 
With ?ns thereon, as Well as a fan, being provided for 
sending a cooling air thereto. HoWever, small-siZing and 
high integration of such the semiconductor IC element, such 
as the heat-generation element, in recent years, brings about 
localiZation of the heat generating at a portion thereof Within 
the heat-generation element, and also for this reason, atten 
tion comes to be paid onto a cooling system of a liquid type 
of using the liquid coolant therein, such as a Water, for 
eXample, being high in the cooling ef?ciency thereof, in the 
place of the conventional cooling system of an air-cooling 
type. 

[0003] Namely, With the liquid cooling system of being 
high in the cooling ef?ciency thereof, Which is used in the 
personal computer, of so-called the desktop-type or the 
notebook-type, and also the server, etc., as is knoWn from 
the folloWing patent documents, for eXample, in general, an 
element being so-called by a heat-receiving (or cooler) 
jacket is mounted on the surface of the heat-generating 
element, i.e., the CPU, directly, While conducting the liquid 
coolant Within a How passage formed Within the heat 
receiving jacket, so as to transmit or convey the heat 
generated from the CPU to the coolant ?oWing Within the 
jacket mentioned above, thereby cooling doWn the heat 
generating element With high ef?ciency. Further, in such the 
cooling system of the liquid-cooling type, normally, a heat 
cycle is made up With the cooler jacket, as the heat-receiving 
portion thereof, and in more details thereof, it comprises a 
circulation pump for circulating the liquid coolant men 
tioned above Within the cycle, so-called a radiator, being a 
heat-radiation portion for irradiating heat of the liquid 
coolant mentioned above into an outside, and further a 
coolant tank provided in a part of the cycle depending on the 
necessity thereof. And, those are connected through a tube 
made of a metal and/or an elastic material, such as rubber or 
the like. 

[0004] Patent Document 1: Japanese Patent Laying 
Open No. 2003-304086 (2003); 

[0005] Patent Document 2: Japanese Patent Laying 
Open No. 2003-22148 (2003); 
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[0006] Patent Document 3: Japanese Patent Laying 
Open No. 2002-182797 (2002); 

[0007] Patent Document 4: Japanese Patent Laying 
Open No. 2002-189536 (2002); and 

[0008] Patent Document 5: Japanese Patent Laying 
Open No. 2002-188876 (2002). 

[0009] With the cooling system of the conventional arts 
mentioned above, in particular, the cooling system of the 
liquid type, being high in the cooling ef?ciency, to be used 
in the personal computer, such as, of the desktop type or the 
notebook type, and also the server, etc., normally, as a 
circulation pump to be provided in a part of the heat cycle 
thereof for driving the liquid coolant, there is applied a pump 
of the so-called centrifugal type, due to the reasons that an 
amount of How obtained therefrom it is large, that it is free 
from the deterioration due to abrasion and also small in the 
noises generated therefrom, since it includes only a small 
portion sliding therein. 

[0010] On the other hand, in spite of such the advantages 
mentioned above, hoWever With such the pump of the 
centrifugal type mentioned above, due to the structure 
and/or the principle thereof (i.e., being small in capacity of 
self-feeding, differing form the pump of the volume type, 
etc.), there is a necessity of ?lling up the liquid coolant, as 
a body to be driven thereWith, Within the pump chamber 
thereof, in particular, When starting up thereof. Namely, if 
there is not ?lled With a sufficient amount of the liquid 
coolant as a body to be driven Within the pump chamber 
thereof, When it starts up, the centrifugal pump makes 
so-called an idling, and depending upon the case, it results 
into a problem that an electric motor for rotationally driving 
the pump burns out, or a shaft thereof fastens, etc. For this 
reason, in the case Where applying such the pump of the 
centrifugal type, it is located in a loWer portion of the liquid 
coolant in the disposition thereof. 

[0011] HoWever, in an electronic apparatus, including a 
personal computer, of so-called the desktop-type or the 
notebook-type, and also a server, etc., accompanying the 
demands upon small-siZing of the equipment itself in recent 
years, there is also strongly made a requirement of making 
small the cooling system in the siZed, to be used in this. For 
such the reasons, due to the high cooling ef?ciency thereof, 
attentions are paid upon the cooling system of the liquid 
type, in particular, With using the liquid coolant, such as, 
Water, for eXample, and also applying the pump of the 
centrifugal type therein. HoWever, due to the requirement of 
small-siZing thereof, it is not necessarily in such a situation 
that the pump can satisfy such the requirement on the 
disposition or posture thereof mentioned above, fully. 

SUMMARY OF THE INVENTION 

[0012] Then, according to the present invention, being 
accomplished by taking the draWbacks of the conventional 
arts mentioned above into the consideration thereof, in more 
details, it is an object to provide an electronic apparatus for 
dissolving such the problems coming up in the cooling 
system of the liquid type, applying the pump of the cen 
trifugal type therein; in particular, a cooling system of the 
structure being applicable into a personal computer, of 
so-called the desktop-type or the notebook-type, and/or a 
server, etc., easily, and further, to an electronic apparatus 
having such the cooling system therein. 
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[0013] According to the present invention, for accom 
plishing such the object mentioned above, ?rstly, there is 
provided an electronic apparatus, installing a semiconductor 
element Within a housing thereof, Which necessitates cooling 
for maintaining normal operation thereof, in a part of the 
housing, and having a cooling system, Within said housing 
or in a part thereof, said cooling system, comprising: a 
cooling jacket, being thematically connected With said semi 
conductor element, for transmitting heat generated therein to 
a liquid coolant ?oWing Within an inside thereof; a radiator 
for radiating the heat transmitted into the liquid coolant 
Within said cooling jacket into an outside of the apparatus; 
and a circulation pump for circulating said liquid coolant in 
a loop, including said cooling jacket and said radiator 
therein, Wherein: said circulation pump is built up With a 
rotor formed With a plural number of blades in a centrifugal 
manner, a pump chamber receiving said rotor, in a rotatable 
manner, Within an inside thereof, and an electric motor for 
rotationally driving said rotor, being formed together into 
one body, and said pump chamber is located in a loWer 
portion of said electric motor. 

[0014] Also, according to the present invention, in the 
electronic apparatus as described in the above, it is prefer 
able that said circulation pump building up said liquid 
cooling system has an inlet opening passage for guiding the 
liquid coolant into said pump chamber, and said inlet open 
ing passage is formed, extending from an upper portion of 
said pump chamber to a loWer portion thereof, and further 
that said inlet opening passage is formed Within an inside of 
a rotation shaft, for supporting said rotor, rotatabley, in said 
circulation pump. Also, according to the present invention, 
in the electronic apparatus as described in the above, it is 
preferable that an outlet of the liquid coolant, coming out 
from said circulation pump building up said liquid cooling 
system, is formed at a position upper than the position of the 
blades of said rotor, Which is disposed Within said pump 
chamber. 

[0015] In addition thereof, according to the present inven 
tion, in the electronic apparatus as described in the above, it 
is preferable that said liquid cooling system further com 
prises a tank, Which can supply the liquid coolant therein, 
alWays irrespective of direction of disposition thereof, and 
an outlet of said tank is connected to an inlet of said 
circulation pump. 

[0016] Further, according to the present invention, for 
accomplishing the object mentioned above, there is also 
provided a liquid cooling system, for cooling a semicon 
ductor element generating heat therefrom, comprising: a 
cooling jacket, being thematically connected With said semi 
conductor element, for transmitting heat generated therein to 
a liquid coolant ?oWing Within an inside thereof; a radiator 
for radiating the heat transmitted into the liquid coolant 
Within said cooling jacket into an outside of the apparatus; 
and a circulation pump for circulating said liquid coolant in 
a loop, including said cooling jacket and said radiator 
therein, Wherein: said circulation pump is built up With a 
rotor formed With a plural number of blades in a centrifugal 
manner, a pump chamber receiving said rotor, in a rotatable 
manner, Within an inside thereof, and an electric motor for 
rotationally driving said rotor, being formed together into 
one body, and said pump chamber is located in a loWer 
portion of said electric motor. 
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[0017] Also, according to the present invention, in the 
liquid cooling system as described in the above, it is 
preferable that said circulation pump building up said liquid 
cooling system has an inlet opening passage for guiding the 
liquid coolant into said pump chamber, and said inlet open 
ing passage is formed, extending from an upper portion of 
said pump chamber to a loWer portion thereof. 

[0018] Also, according to the present invention, in the 
liquid cooling system as described in the above, it is 
preferable that said inlet opening passage is formed Within 
an inside of a rotation shaft, for supporting said rotor, 
rotatabley, in said circulation pump, and further that an 
outlet of the liquid coolant, coming out from said circulation 
pump building up said liquid cooling system, is formed at a 
position upper than the position of the blades of said rotor, 
Which is disposed Within said pump chamber. 

[0019] In addition thereto, according to the present inven 
tion, in the liquid cooling system as described in the above, 
it is preferable that said liquid cooling system further 
comprises a tank, Which can supply the liquid coolant 
therein, alWays irrespective of direction of disposition 
thereof, and an outlet of said tank is connected to an inlet of 
said circulation pump. 

BRIEF DESCRIPTION OF THE VARIOUS 
VIEWS OF THE DRAWING 

[0020] Those and other features, objects and advantages of 
the present invention Will become more apparent from the 
folloWing description When taken in conjunction With the 
accompanying draWings Wherein: 

[0021] FIGS. 1(a) and 1(b) are an upper vieW and a 
vertical cross-section vieW, in particular, for shoWing the 
detailed structure of a circulation pump in a cooling system, 
according to one embodiment of the present invention; 

[0022] FIG. 2 is a perspective vieW for shoWing an 
example of the arrangement of each part partially exploded 
thereof, Within a personal computer of so-called the desktop 
type, for example; 

[0023] FIG. 3 is a perspective vieW, in particular, for 
shoWing a cooling system Within an electronic circuit por 
tion, in the electronic apparatus, according to the one 
embodiment mentioned above; 

[0024] FIGS. 4(a) and 4(b) are perspective vieWs of a rotor 
in the circulation pump mentioned above, for shoWing the 
detailed structure thereof, seeing it from above and beloW, 
obliquely; 
[0025] FIG. 5 is a vertical cross-section vieW for shoWing 
the structure of a circulation pump, according to other 
embodiment of the present invention; 

[0026] FIG. 6 is a vertical cross-section vieW for shoWing 
the structure of the circulation pump, Which Was shoWn in 
the above as one example thereof, but according to other 
embodiment of the present invention; 

[0027] FIG. 7 is a perspective vieW for shoWing the other 
structure of the liquid cooling system in the electronic 
apparatus, according to other embodiment of the present 
invention; 
[0028] FIGS. 8(a) and 8(b) are perspective vieWs, includ 
ing the cross-section vieWs thereof, for shoWing a coolant 



US 2005/0178526 A1 

tank to be used in the liquid cooling system, according to the 
other embodiment mentioned above, for storing a liquid 
coolant therein, corresponding to various disposition condi 
tions thereof; and 

[0029] FIGS. 9(a) and 9(b) are also perspective vieWs, 
including the cross-section vieWs thereof, for shoWing a 
coolant tank to be used in the liquid cooling system, accord 
ing to the other embodiment mentioned above, for storing a 
liquid coolant therein, corresponding to various disposition 
conditions thereof. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0030] Hereinafter, explanation Will be given about the 
embodiments according to the present invention, in details 
thereof, by referring to the draWings attached hereWith. 

[0031] First of all, FIG. 2 attached hereWith shoWs an 
example of the entire structure of an electronic apparatus 
having a liquid cooling system therein, according to one 
embodiment of the present invention. HoWever, in this 
embodiment is shoWn a case, Where the present invention is 
applied into a main part or portion of a personal computer, 
such as, of the desktop type, for example. 

[0032] As shoWn in the ?gure, the main portion of the 
desktop type personal computer comprises a housing 100, 
Which is formed from a metal plate into a cubic shape 
thereof, for example, and on a front panel portion 101 
thereof are provided various kinds of sWitches, including an 
electric poWer sWitch therein, and indicator lamps, etc. Also, 
Within an inside thereof is disposed a driver device 102, for 
driving various kinds of external information recording 
medium, such as, a ?oppy disk, a CD, and a DVD, etc., so 
that it positions an opening thereof on the front panel portion 
101. Also, a reference numeral 103 in the ?gure depicts a 
memory portion provided Within the housing 100 mentioned 
above, comprising a hard disk device, for example. And 
also, a reference numeral 104 in the ?gure depicts a cover to 
be put on the housing 100 mentioned above. 

[0033] While on a rear side of the housing 100 is disposed 
an electronic circuit portion 105, having a liquid cooling 
system according to the present invention, and a reference 
numeral 106 in the ?gure depicts an electric poWer source 
portion for supplying from a commercial electric poWer 
source, a desired electric poWer to each of the portions, 
including, the driver device 102, the memory portion 103, 
and the electronic circuit portion 105 mentioned above. 

[0034] Next, in FIG. 3 attached hereWith is shoWn the 
electronic circuit portion 105 of the electronic apparatus, the 
brief structure of Which Was explained in the above; i.e., 
Within the desktop type personal computer, in particular, 
mainly around a heat receiving jacket 50 for mounting 
thereon a heat-generation element, such as, a CPU, as a main 
or principle structure thereof. HoWever, in this embodiment, 
a chip 200 of the CPU, being the heat-generation element, is 
mounted on the loWer side surface of the heat-receiving 
jacket 50 mentioned above, being in contact With, directly, 
therefore it is not illustrated on the ?gure, herein. 

[0035] And, as is apparent from the ?gure, this electronic 
circuit portion 105 comprises the above-mentioned heat 
receiving (or cooling) jacket 50 for mounting the CPU 
thereon, a radiator portion 60 for radiating heat generated 
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from the CPU into an outside of the apparatus, a pump 70 
for building up a cooling system, and further ?oW passages 
are formed by connecting tubes (conduits) 81, 82 . . . , being 

made of a metal, or an elastic material, such as a rubber or 
the like, being covered With a metal ?lm, etc., on the outer 
surface thereof, so as to prevent the liquid coolant inside 
from leaking outside, for conducting a liquid coolant (for 
example, a Water, or a mixture of Water With a so-called 
anti-freeZing solution, such as, propylene glycol, at a pre 
determined ratio thereof) to each of those portions building 
up the heat cycle. Also, in a part of the radiator portion 60 
mentioned above, there are attached plate-like shaped fans 
72, 72 . . . (in a plural number, such as, three (3) pieces, in 
the present example), directing into an outside of the appa 
ratus, so as to bloW an air onto a large number of metal thin 
pipes 61, 61 . . . as the constituent elements thereof, Which 

Will be mentioned in more detail later, thereby radiating the 
heat transmitted from the heat receiving jacket 50 mentioned 
above, compulsively. Further, this heat-receiving (or cool 
ing) jacket 50 is a plate-like member, being made of a metal 
having high heat conductivity, such as cupper or the like, and 
being formed With a cooling passage Within an inside 
thereof, to conduct or communicated the liquid coolant into 
the passage thereof, thereby removing (moving) the heat 
generated from the CPU into the outside. 

[0036] FolloWing to the above, FIGS. 1(a) and 1(b) 
attached hereWith shoW an upper vieW of the circulation 
pump 70 mentioned above, and at the same time, a vertical 
cross-section vieW thereof. Namely, in this circulation pump 
70, as shoWn in those ?gures, Within an inside of a box (i.e., 
a case) 710 having a shape of quadrate or square in an outer 
con?guration thereof, a ?eld coil 712 building up a D-C 
motor, as an electric motor for driving the pump rotationally, 
being molded around the periphery thereof by an insulating 
resin 713 in one body, and further a ring-like gutter or 
groove 714 is formed surrounding around the periphery of 
the ?eld coil 712, and into an inside thereof are disposed 
magnet electrodes of the DC motor, Which Will be mentioned 
later. Also, on an upper surface of this square-shaped box 
(i.e., the case) 710, there is formed a suction port 720 of the 
liquid coolant extending into a central portion thereof. This 
suction port 720 extends a little bit While being bent doWn 
Wards, at the central porting thereof. Further, as is apparent 
from the ?gures, at the central portion of the square-shaped 
box (i.e., the case) 710, there is attached so-called an 
outer-ring shaft bearing 715, in an inside thereof is inserted 
a rotation shaft of the rotor, Which Will be mentioned later. 

[0037] On the other hand, the rotor 30 is built up With a 
plural number of blades 731, 731 . . . (in the present 
example, six (6) pieces thereof) formed upon a disk-like 
member (in the ?gure, on the loWer surface thereof), as is 
apparent from FIGS. 1(a) and 1(b) and further FIGS. 4(a) 
and 4(b) attached hereWith. Then, this rotor 730 comprises 
a ring-like portion 732 extending upWards from an outer 
edge of that disk-like member, and also on an interior Wall 
surface of this ring-like portion 732 is attached a ring-like 
shaped permanent magnet 733, being positioned (or mag 
netiZed) With the N pole and the S pole, alternately, as shoWn 
in the ?gure, for example. In addition thereto, at the central 
portion of this rotor 730 made from the disk-like member, 
there is attached so-called a rotation shaft 734, Which is 
made of a metal or a ceramic and formed into a cylindrical 
shape, penetrating through the disk-like member. 
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[0038] Namely, as is apparent from the ?gures mentioned 
above, the rotor 730 is inserted into from the below in the 
?gure, While ?tting or inserting the rotation shaft 734 thereof 
into the outer-ring shaft bearing 715 of the box (i.e., the 
case) 710 and at the same time positioning the ring-like 
portion 732 thereof Within the groove 714, being ring-like in 
the outer con?guration thereof, of the box (i.e., the case) 710 
mentioned above. Thereafter, on the loWer surface of the box 
(i.e., the case) 710, a loWer portion box (i.e., a case) 740 is 
attached covering over the entire thereof, so that the plural 
number of blades 731, 731 . . . of the rotor 730 are received 

Within an inside thereof. Thus, betWeen the upper surface of 
this loWer box (i.e., the case) 740 and the loWer surface of 
the rotor mentioned above, a pump chamber 741 is de?ned 
for suppressing the liquid coolant therein, and further, this 
pump chamber 741 is formed to be located in the loWer side 
of the electric motor portion for driving the pump rotation 
ally. Also, a reference numeral 742 depicts a discharge port 
for the liquid coolant, Which is formed in a portion of the 
loWer box (i.e., the case) 740 mentioned above. 

[0039] In this manner, in the circulation pump 70, the 
structure of Which Was mentioned in the above, the How 
passages for guiding the liquid coolant in an inside thereof 
are formed Within an inside of the rotation shaft 734, Which 
supports the rotor 730, rotatably, and further on the loWer 
portion of this rotation shaft 734 (i.e., in an area Where the 
blades 731, 731 . . . are formed) are opened a plural number 

of penetrating holes 735. For this reason, When operating, 
the liquid coolant reaching into the inside of the rotation 
shaft 734 of the rotor 730 is guided into an inside of the 
pump chamber 741 mentioned above, and is compressed 
therein With the centrifugal force, by means of the plural 
number of the blades 731, 731 . . . , and thereafter being 

discharged from the discharge port 742 mentioned above. 

[0040] On the other hand, Within the calculation pump 70, 
When stopping the operation thereof, the rotor 730 ends the 
rotation thereof, and accompanying With this, the cooling 
liquid guided Within the pump chamber 742 is accumulated 
Within an inside of the pump, including bubbles and so on 
in a portion thereof. In that instance, as is apparent from 
FIGS. 4(a) and 4(b) mentioned above, in the vicinity of the 
disk-like member, the penetrating holes 736, 736 . . . for use 

of babble removal are formed, respectively, on the loWer 
surface of Which the centrifugal blades 731, 731 . . . , 

therefore, While a portion thereof moves into an upper 
portion thereof through the rotation shaft 734 mentioned 
above, the gas moves into an outside of the pump chamber 
741, in more details, into an upper portion of the ring-like 
groove 714 formed in the box (i.e., the case) 710, through 
the penetrating holes 736, 736 . . . for use of bubble removal, 
even if the gas mixing therein is separated from the liquid 
coolant. In other Words, Within the circulation pump 70 
having such the structure mentioned above, only the liquid 
coolant accumulates Within the pump chamber 741, hoWever 
the gas mixing in the liquid coolant never remains Within the 
pump chamber 741, even When stopping. 

[0041] For this reason, Within the circulation pump 70 
having such the structure mentioned above, even When the 
operation is resumed (or stared) again, after temporal stop 
page thereof, since only the liquid coolant alWays ?lls up 
Within the pump chamber 741, fully, Which receives the 
blades 731 Within the inside thereof, then the pump Will 
never run idle, therefore it is possible to obtain (re-start) the 
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pump operation of the liquid coolant, With certainty. 
Namely, the circulation pump 70 mentioned above is 
installed Within a part of the main body of the personal 
computer of the desktop type shoWn in FIG. 2 mentioned 
above, and also it can perform the necessary pump opera 
tion, With certainty, even in the case if it is disposed in any 
position Within the liquid cooling system having such the 
structures shoWn in FIG. 3 mentioned above. 

[0042] Also, FIG. 5 attached hereWith shoWs other 
embodiment of the circulation pump 70 mentioned above, 
and in this embodiment, the passage, in Which the suction 
port 720‘ of the liquid coolant is opened, is formed covering 
over from a side surface of the box (i.e., the case) 710, up 
to the central portion on the upper surface thereof, While 
being attaching on the Wall surface and bent. Namely, With 
such the structure, upon When stopping the operation of the 
circulation pump 70, the liquid coolant, Which has been 
circulating up to that time, can easily stay in the suction port 
720‘ formed to be bent, and also in that instance, in particu 
lar, the liquid coolant ?oWs into the rotation shaft 734 of the 
rotor 730 mentioned above, and at the same time, the 
gaseous component mixing into a portion thereof moves into 
an upper side of the suction port 720‘. Namely, in the similar 
manner to that of the embodiment mentioned above, the 
pump Will never run idle, even When it is resumed (started), 
again, of the operation after the temporal stoppage thereof, 
since the liquid coolant ?lls up alWays Within the pump 
chamber 741 receiving the blades 731 Within the inside 
thereof, thereby enabling the pump operation of the liquid 
coolant, With certainty. 

[0043] Next, FIG. 6 attached hereWith shoWs further other 
embodiment of the circulation pump 70 mentioned in the 
above. In this example, differing from the embodiment 
mentioned above, ?rst a portion 743 of the loWer portion box 
(i.e., the case) 740, building up the side Wall of the pump 
chamber 741 mentioned above, is extended upWards; thus, 
the opening of the discharge port 742 to the pump chamber 
741 is disposed, so that the position thereof comes to be 
upper than that of the centrifugal blades 731, 731 . . . of the 
rotor 730. 

[0044] Also, in the present embodiment, the suction port 
720“ for the liquid coolant are formed in one body, together 
With the discharge port 742 mentioned above, on the loWer 
box (i.e., the case) 740 building up the circulation pump 70 
mentioned above. Namely, as is apparent from the ?gure, 
this suction port 720“, differing from the embodiment men 
tioned above, is attached on the side surface of the circula 
tion pump 70. And, in more details, this suction port 720“, 
as is apparent from the ?gure, reaches up to the loWer 
surface of the loWer box (i.e., the case) 740, after bending 
upWards, once, and thereafter, it extends on the loWer 
surface of the loWer box (i.e., the case) up to the central 
portion thereof (i.e., the loWer surface extending portion 
721), and it opens directing from a loWer Wall surface 744 
in vicinity of the central portion of the rotor 730 mentioned 
above, into an inside of the pump chamber 741. HoWever, in 
this example, in the place of the holloW rotation shaft 734 
mentioned above, a rod-like rotating shaft 734‘ is attached at 
the central portion of the rotor 730, and on the other hand, 
on the side of the loWer box (i.e., the case) 740 is attached 
a plate-like outer-ring shaft bearing 715‘, into the holloW 
portion thereof the rod-like rotation shaft 734‘ is inserted, 
thereby supporting the rotor 730, rotatably. 
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[0045] With such the structure of the further other embodi 
ment mentioned above, as is apparent from the ?gure, When 
the pump 70 stops, the rotor 730 also stops the rotation 
thereof. And, accompanying With this, the liquid coolant 
guided into the pump chamber 742 accumulates Within the 
inside of the pump, containing bubbles and so on, in a part 
thereof. In that instance, as Was mentioned above, since the 
position of the discharge port 742 opening into the pump 
chamber 741 is arranged so that it comes to be loWer than 
that the centrifugal blades 731, 731 . . . of the rotor, and 
further since the suction port 720“ is opened at around the 
central portion of the pump chamber 741 from a loWer Wall 
surface thereof, after being bent up and doWn, once, on the 
side surface of the pump, the gas is guided into the outside 
passing through the opening of the discharge port 742 
disposed at the position above than the centrifugal blades 
731, 731 . . . of the rotor 730, even if the gas mixing therein 
is separated from the liquid coolant accumulated Within the 
pump, therefore only the liquid coolant is accumulated 
Within an inside of the pump chamber 741, Which receives 
the centrifugal blades 731, 731 . . . therein. In other Words, 
during the time When stopping, no gas mixing into the liquid 
coolant is accumulated Within the pump chamber 741, 
thereby bringing about no idling run of the pump When it is 
re-started. 

[0046] FolloWing to the above, FIG. 7 attached hereWith 
shoWs other liquid cooling system, according to further 
other embodiment of the present invention. HoWever, in this 
embodiment, the numeral references being same to those 
shoWn in FIG. 3 mentioned above depict the constituent 
elements, Which are same to those shoWn in the embodiment 
mentioned above. Namely, as is apparent from those ?gures, 
in this further other embodiment, betWeen the radiator 60 
and the circulation pump 70 building up the cooling system, 
a coolant tank 200 is further provided betWeen the radiator 
60 and the circulation pump 70 mentioned above, building 
up the cooling system, for the purpose of storing or accu 
mulating the liquid coolant; e.g., the Water or the mixture of 
the Water and the anti-freeZing solution, such as, propylene 
glycol or the like, in an inside thereof, to be circulated Within 
the inside of the system. HoWever, there may be cases 
Where, this coolant tank 200 is located horiZontally, as is 
indicated by solid lines in the ?gure, or vertically, as is 
indicated by broken lines in the ?gure, for example, depend 
ing upon the restriction of the space Within an inside thereof, 
for example, When it is disposed Within the inside of the 
housing 100 of the desktop type personal computer shoWn in 
FIG. 2 in the above. 

[0047] Then, this coolant tank 200 has the structure, as 
shoWn in FIGS. 8(a) and 8(b) attached hereWith, Wherein the 
coolant storage space de?ned Within the inside thereof is 
divided into a plural number of spaces (for example, three 
(3) spaces SP1, SP2 and SP3, in the present embodiment), 
With forming labylinth by combining partition Walls 201, 
202, 203 and 204, each having about “L”-like cross-section 
shape. Also, a reference numeral 205 in the ?gure indicates 
an inlet for the liquid coolant ?oWing into from the radiator 
60 mentioned above, and 206 an outlet for the liquid coolant 
?oWing out into the circulation pump 70 mentioned above. 
Further, reference numerals 206 and 207 indicate portions of 
the partition Walls 202 and 204, each having the “L”-like 
cross-section; thus, an opening portion that is formed at the 
position in the vicinity of an outer periphery of the tank. 
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[0048] In accordance With the coolant tank 200 having 
such the structure therein, as is apparent from FIGS. 8(a) and 
8(b) mentioned above, and further FIGS. 9(a) and 9(b) 
attached hereWith, if a bubble ?oWs into the inlet 205 of the 
tank, mixing into a portion of the liquid coolant While the 
portion thereof leaks out through vaporiZation, etc., into an 
outside thereof, during it circulates Within the cooling sys 
tem, hoWever, only the liquid coolant, but excluding the 
bubble therefrom, is alWays sent out from the outlet 205 to 
the circulation pump mentioned above. Therefore, it is 
possible to protect the circulation pump, building up an 
important constituent element in the cooling system of using 
the liquid coolant therein, in particular, from the idling due 
to the gas existing Within the pump chamber 741 When it is 
started, and also from the damage of the circulation pump in 
itself, depending on a case, With certainty; thereby, obtaining 
the electronic apparatus having the cooling system superior 
in the cooling capacity, Which can be applied into the 
personal computer, of so-called the desktop type or the 
notebook-type, and also the server, etc. 

[0049] Though the mentioning given in the above Was 
made only about the one example of the case Where the 
liquid cooling system of using the liquid coolant therein 
according to the present invention is applied, in particular, 
into the main part of the personal computer of so-called the 
desk-top type, hoWever the present invention can be also 
applied into the personal computer of so-called the notebook 
type and the server, etc. HoWever, in that case, an in 
particular, in the former case, it Would be obvious matter 
that, for the person stilled in the art, for example, in 
particular, as the radiator portion 60 among the constituent 
elements thereof, a radiation plate, Which is built up With a 
metal plate attached With a conduit made of a metal, is 
attached on the cover side thereof, in more details thereof, 
the reverse side surface of the liquid crystal display device 
in the place of that mentioned in the above. 

[0050] Namely, according to the present invention fully 
mentioned above, it is possible to provide the liquid cooling 
system, being applicable into the electronic apparatus, such 
as, the personal computers, of so-called the desktop-type and 
the notebook-type, and further the server, etc., easily, and 
having a high cooling ef?ciency With using the pump 
suitable for small-siZing thereof, and also the electronic 
apparatus having such therein, thereby enabling to dissolve 
the problems at the time of starting mentioned above, in 
particular, even When applying the centrifugal pump therein. 

[0051] The present invention may be embodied in other 
speci?c forms Without departing from the spirit or essential 
feature or characteristics thereof. The present embodi 
ment(s) is/are therefore to be considered in all respects as 
illustrative and not restrictive, the scope of the invention 
being indicated by the appended claims rather than by the 
forgoing description and range of equivalency of the claims 
are therefore to be embraces therein. 

1. An electronic apparatus, installing a semiconductor 
element Within a housing thereof, Which necessitates cooling 
for maintaining normal operation thereof, in a part of the 
housing, and having a cooling system, Within said housing 
or in a part thereof, said cooling system, comprising: 

a cooling jacket, being thermally connected With said 
semiconductor element, for transmitting heat generated 
therein to a liquid coolant ?oWing Within an inside 
thereof; 
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a radiator for radiating the heat transmitted into the liquid 
coolant Within said cooling jacket into an outside of the 
apparatus; and 

a circulation pump for circulating said liquid coolant in a 
loop, including said cooling jacket and said radiator 
therein, Wherein: 

said circulation pump is built up With a rotor formed with 
a plural number of blades in a centrifugal manner, a 
pump charnber receiving said rotor, in a rotatable 
rnanner, Within an inside thereof, and an electric motor 
for rotationally driving said rotor, being formed 
together into one body, and said purnp chamber is 
located in a loWer portion of said electric motor. 

2. The electronic apparatus, as described in the claim 1, 
Wherein said circulation purnp building up said liquid cool 
ing system has an inlet opening passage for guiding the 
liquid coolant into said purnp chamber, and said inlet open 
ing passage is formed, extending from an upper portion of 
said purnp chamber to a loWer portion thereof. 

3. The electronic apparatus, as described in the claim 2, 
Wherein said inlet opening passage is formed Within an 
inside of a rotation shaft, for supporting said rotor, rotat 
abley, in said circulation pump. 

4. The electronic apparatus, as described in the claim 1, 
Wherein an outlet of the liquid coolant, coming out from said 
circulation purnp building up said liquid cooling system, is 
formed at a position upper than the position of the blades of 
said rotor, Which is disposed Within said purnp chamber. 

5. The electronic apparatus, as described in the claim 1, 
Wherein said liquid cooling system further comprises a tank, 
Which can supply the liquid coolant therein, alWays irre 
spective of direction of disposition thereof, and an outlet of 
said tank is connected to an inlet of said circulation pump. 

6. A liquid cooling system, for cooling a semiconductor 
elernent generating heat therefrorn, comprising: 

a cooling jacket, being therrnally connected With said 
semiconductor element, for transmitting heat generated 
therein to a liquid coolant ?oWing Within an inside 
thereof; 
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a radiator for radiating the heat transrnitted into the liquid 
coolant Within said coolingjacket into an outside of the 
apparatus; and 

a circulation pump for circulating said liquid coolant in a 
loop, including said cooling jacket and said radiator 
therein, Wherein: 

said circulation pump is built up With a rotor formed with 

a plural number of blades in a centrifugal manner, a 
pump charnber receiving said rotor, in a rotatable 
rnanner, Within an inside thereof, and an electric motor 

for rotationally driving said rotor, being formed 
together into one body, and said purnp chamber is 
located in a loWer portion of said electric motor. 

7. The liquid cooling system, as described in the claim 6, 
Wherein said circulation purnp building up said liquid cool 
ing system has an inlet opening passage for guiding the 
liquid coolant into said purnp chamber, and said inlet open 
ing passage is formed, extending from an upper portion of 
said purnp chamber to a loWer portion thereof. 

8. The liquid cooling system, as described in the claim 7, 
Wherein said inlet opening passage is formed Within an 
inside of a rotation shaft, for supporting said rotor, rotat 
abley, in said circulation pump. 

9. The liquid cooling system, as described in the claim 6, 
Wherein an outlet of the liquid coolant, coming out from said 
circulation purnp building up said liquid cooling system, is 
formed at a position upper than the position of the blades of 
said rotor, Which is disposed Within said purnp chamber. 

10. The liquid cooling system, as described in the claim 
6, Wherein said liquid cooling system further comprises a 
tank, Which can supply the liquid coolant therein, alWays 
irrespective of direction of disposition thereof, and an outlet 
of said tank is connected to an inlet of said circulation purnp. 


