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57 ABSTRACT

A desk-top type computer with a built-in LCD includes a
chassis, a planar display attached to the chassis, a mother
board attached to the chassis, heat generating portions
including a CPU mounted on the mother board, and a
memory device electrically connected to the mother board.
A heat receiving head is fixed to at least one of the heat
generating portions including the CPU, and the head is
connected a tube filled with a cooling liquid. The tube is
arranged in a serpentine or zigzag shape in a clearance
between the chassis and the planar display facing the chas-
sis. The cooling medium liquid circulating in the tube serves
as a heat transferring medium to absorb the heat at the heat
generating portion, and radiate the heat through the tube
disposed in the clearance between the LCD and the chassis.

11 Claims, 14 Drawing Sheets
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FIG. 2
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FIG. 3

|
]

i

- ',‘l

—

SEC et al. v. MRI
SEC Exhibit 1007.0004
IPR2023-00255



U.S. Patent Sep. 28, 2004 Sheet 4 of 14 US 6,798,655 B2

FIG. 4
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FIG.5
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FIG. 8
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LIQUID COOLING SYSTEM FOR ALL-IN-
ONE COMPUTER

This is a continuation application of U.S. Ser. No.

2

Laid-Open Publication No. H11-154036. There have been
no technologies disclosed presently of a cooling construc-
tion that is suited for the desk-top type computer wit the
built-in LCD.

09/795,122, filed Jun. 18, 2001 now U.S. Pat. No. 6,519,146. 5 It is conceivable to cope with an increase in the value of
heat generated in the desk-top type computer by increasing
BACKGROUND OF THE INVENTION the ventilation capacity of a fan. This measure, however,

The present invention relates to a desk-top type computer may give rise to a problem of noise due to the blowing sound
integrated or combined with a liquid crystal display (LCD), of the fan and another problem of vibration during the
or ai all-in-one computer, and n?ore pafﬁculaﬂi tg § liqui)d 10 operation of the computer. It is also conceivable to increase
cooling technology for a heat generating elements in such a the heat radiation capacity by enlarging the size of an air
desk-top type computer. cooling heat sink or heat radiating plate for radiating the heat

A conventional art concerning a cooling system for elec- ~ generated by the heat generating elements such as a CPU.
tronic equipment is such that a metal plate or heat pipe is _ 1his countermeasure is contradictory to the requirement for
interposed between heat generating elements and a metal 15 downsizing or miniaturization of the desk-top computer.
cabinet wall in the electronic e_qu.ipmcnt to thereby inter- SUMMARY OF THE INVENTION
connect them thermally, thus radiating the heat generated by ) ) ) ) ) )
the heat generating clements through the metal cabinet wall. It is an object of the invention to provide a cooling

Japanese Patent Application Laid-Open Publication No. LZ;E;?&ZI%};XF;C[? IiSCl]l)Silfgit t(;[]t’; ti)pglrg:SO;led:SIIf(;L()eIi (t:scl)lr)le
HO07-142886 discloses a technology for liquid-cooling heat : - > ! e -
generating elements in electronic equipment. It describes ~ Struction for obtaining an appropriate heat radiating effect
such a construction that the heat generated by semiconductor ~ that is '1mp0551b1e .Wlth the prior art. )
heat generating elements in the electronic equipment is A display unit .m[egral type computer, or an all-m-one
Feceiv.ed by a hiea.t receiving head, a cooling medium liquid 25 computer, comprises a chassis, a plane-shaped display
in which head is in turn transported through a flexible tube ~~ attached to the chassis, a mother board attached to the
to a heat radiating head provided on a metal cabinet of a ChaStZIS, a Vfglel}éOf ZleCtl'?lnlc devices a[(ljd a CPU1 IIltO}lIltlt‘id
display unit to thereby radiate the heat generated by the on the mother board, and a memory device electrically
semiconductor heat generating elements through the heat connected to the mother boe_lrd. Ah?at rf:ceiviljlg head is fixed
radiating head via the cooling medium liquid from the metal 10 at least one heat generating portion including the CPU. A
cabinet effectively. The above-mentioned publication also tube filled with a cooling medium liquid is connected to the
discloses an‘exam%l.e }?f }Fsmg a heat pipe as a heeﬁ Irﬁns_ h;:atlhrece}llvmg hea(}il,' aﬁld' ths'tube 12 sccmeqtonso tt?le suiface
porting device, whic as a construction that the heat o C chassis, which 1s disposed opposiie to the plane-
generated by the semiconductor devices is transferred  shaped display with a clearance therefrom. The cooling
through a heat receiving metal plate to the heat pipe and then 25 medium .ﬁqUid c@rculating 'through the tube serves as a heat
thermally connected to the other end of the heat pipe directly transfer.rmg me@mm to radiate the heat generated atthe heat
attached to the wall surface of a metal cabinet, which serves generating portion through the tube on the chassis surface
as a heat radiating surface, to be radiated to the outside. and the chassis itself.

Further, Japanese Patent Application Laid-Open Publica- Alternatively, the tube may be secured onto the back
tion No. H11-154036 discloses a heat dissipation technology ,, surface of the planc-shaped display, which is opposite to the
for a desk-top type computer having an LCD unit. This chassis and attached thereto with the clearance therefrom.
publication specifically describes that the air entered in a ~ The cooling medium liquid circulating through the tube
casing through an air inlet hole in a lower casing section serves as a heat transferring medium, thus radiating the heat
thereof, which surrounds the LCD, a mother board, etc., is ~ generated at the heat generating portion through the tube
warmed by the heat from the mother board and a power 5 secured to the back surfac.e of the plane-shaped display and
source and then discharged to the outside through heat the plane-shaped display itself.
radiating holes formed in the top and back surfaces of an Further alternatively, the tube may be led through the
upper casing section and in the top surface of the lower clearance between the back surface of the plane-shaped
casing section. The publication further describes that a display and the surface of the chassis and secured onto the
cooling fan i; provided atélower portion of the mother board bgck surfacfe of ﬁ;le planle-shapedd displlay znd ont;) the
to improve the cooling efficiency. chassis surface. The cooling medium liquid circulating

In a desk-top type computer that typically comprises a through the tube serves as a heat transferring medium, thus
body section having an LCD and a stand portion for rotat- radiating the heat generated at the heat generating portion
ably supporting the body section, heat is generated by a CPU  through the tube on the back surface of the plane-shaped
or MPU, etc. (hereinafter generally referred to as CPU) built 55 display an the chassis surface, the chassis, and the plane-
in the body section, and the heat thus generated sometimes shaped display.
makes the operations of circuits u.nslable‘ It may also cause BRIEF DESCRIPTION OF THE DRAWINGS
to thermal deformation of mechanisms. In particular, with an
increase in the operating frequency of the CPU in the recent FIG. 1 s a section view showing an overall configuration
years, the value of heat generated increases, and it has been ¢, for liquid cooling of a desktop type computer according to
desired to effectively radiate the thus increased heat. an embodiment of the invention;

In the conventional art, there were discussions on the FIG. 2 is a front view of the overall configuration of FIG.
cooling by means of a cooling medium liquid and that using 1 in which a tube and a liquid receiver are fixed onto a main
a heat pipe for general electronic equipment. Concerning the chassis;
cooling technologies for a desk-top type computer integrated 65  FIG. 3 is a rear view of the overall configuration of FIG.

with an LCD, however, only some air cooling technologies
have been suggested as is in Japanese Patent Application

1 in which an assembly of a CPU and a heat receiving head,
and a pump are disposed on a mother board;
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FIG. 4 is a section view of another embodiment of the
invention, in which a tube is secured to an LCD panel for
heat radiation;

FIG. 5 is a section view showing a configuration example

4

mother board 4. Thus, a space is formed between the main
chassis 3 and the LCD panel 5 for routing the electric wiring
lines etc.

Referring to FIG. 3, on the back side of the mother board,

for preventing leakage of a cooling liquid in a desk-top type 5 which is opposite to the main chassis side thereof, are
computer according to still another embodiment of the arranged the CPU 9, the power source circuits, a hard disk
invention; drive (HDD) 10, etc, which generate heat, and a heat
FIGS. 6A and 6B are views illustrating configuration ~ receiving head 8 (see FIG. 1) is provided in contact with the
examples for liquid cooling and air cooling of a CPU heat generating elements for transferring their heat to a
according to the embodiment of the invention; 10 cooling medium liquid. Incidentally, the heat generating
FIGS. 7A, 7B, and 7C are views showing configuration sources in‘ the desk.-lop type computer include, besides'the
examples concerning the layout of a tube for liquid cooling CPU, a chip set, a display comrollef, a power source portion,
in embodiments of the invention: an HDD, an FDD, a CD-ROM portion, a CDR-R/W portion,
FIG. 8 is a section view shov;in i fiourati and a DVD-ROM portion. The heat receiving head 8 is made
; . g another contiguration 45 ¢ » metal material having a high heat transfer rate and has
example concerning the layout of a tube for liquid cooling of & met . S a g . L L
in an embodiment of the invention; its interior filled with a cooling mf:d}um hql.ud, Whlch is
R . . . thermally transported to a heat radiating portion distanced
FIGS. 9A and 9]_3 are section views showing coqﬁgurathn from the heat receiving head. Used as the cooling medium
examples concerning the lfiyout of a tube, a main chassis, liquid is water or ethylene glycol, but it is not limited to
and an LCD for liquid cooling according to embodiments of 20 (e The cooling medium liquid is pressured by a pump 7
the invention; shown in the figure to collect heat at the heat receiving head
. FFG- 10.15 a seclipn view ShOWif}g a conﬁgu'ralion'for 8 while it is being circulated through a tube 6.
!1qu1d.c0011ng according to an embodiment of the invention, Although the tube 6 for transporting the cooling medium
in which fans exhaust heat; o ) liquid is typically made of copper with a good heat transfer
FIGS. 11A, 11B and 11C are SCh?ﬂ?ath diagrams showing 25 rate and a corrosion resistance, any other material may be
the layout of a pump, a heat receiving head, a tube and a ¢ as far as they have the above-mentioned properties. For
liquid flowing direction; example, a flexible tube made of a silicon-based compound
FIG. 12 is a schematic diagram showing the function of  can be employed because it has those properties. As will be
a reservoir tank for supplementing a cooling medium liquid described later, in particular such a tube as shown in FIGS.
and a function of removing air bubbles at the tube, heat 30 13 and 14 is routed in the same manner as a cable, and
radiation portion for liquid cooling according to the embodi- therefore a flexible tube may be used as a portion other than
ment of the invention; those fixed to the cover or the chassis. For instance, part of
FIG. 13 is a section view of a configuration example for the path requiring flexibility may be made by a flexible tube
liquid cooling according to an embodiment of the invention, of silicon-based compound in place of a copper tube.
in which a tube and a liquid receiver are disposed on a rear 3 The tube 6 for transporting the cooling medium liquid
cover; and goes through the heat receiving head 8, the pump 7, and the
FIG. 14 is a section view of a configuration example for opening in the main chassis up to the front side of the main
liquid cooling according to an embodiment of the invention, chassis (see FIG. 2), i.e. up to the space between the main
in which a tube is disposed on a main chassis facing a rear ,, chassis 3 and the LCD panel 5, and is fixed to the main
cover. chassis front side by screwing, bury-in, or any other appro-
priate fixing method, thus forming a heat radiating portion.
DETAILED DESCRIPTION OF THE It is to be noted here that the place where the tube is disposed
PREFERRED EMBODIMENTS on the front side of the main chassis is the space originally
FIG. 1 shows an overall configuration for liquid cooling 45 provided for, as described above, arranging the electric
of a desk-top type computer according to an embodiment of ~ wiring lines etc. of the LCD panel, that is, it utilizes the
the invention, FIG. 2 is a front view of the overall configu- existing space and is not a newly added space for arranging
ration of FIG. 1 in which a tube and a liquid receiver are the tube piping on the front side of the main chassis 3. Thus,
fixed to a main chassis, and FIG. 3 is a rear view of the this is not adverse to the requirement for thinning and
overall configuration of FIG. 1, in which an assembly of a 5, miniaturization of the entire equipment.
CPU and a heat receiving head, and a pump are disposed on As shown in FIG. 2, the tube 6 is secured on the front side
a mother board. of the main chassis, while being arranged spirally or in a
As shown in FIGS. 1-3, the desk-top type computer zigzag or serpentine manner. With this construction, the heat
comprises a computer body 1 and a stand 2 for rotatably generated by the CPU etc. and transferred to the cooling
supporting the body 1, and in the computer body 1, a liquid ss medium liquid is effectively transferred to the main chassis
crystal display (LCD) panel 5 is mounted on the front side 3 through the copper tube. The main chassis is originally for
of a main chassis 3 and the mother board (a control circuit ~ forming an overall computer framework that is coupled with
board) 4 is disposed on the back side thereof. the stand 2, and it has a considerably large area in total and
On the mother board 4 are arranged a variety of electric/ is made of a metal material. Accordingly, all the area of the
electronic devices, ICs, electronic circuits, etc. necessary for 6o front and rear sides of the chassis can be used for external
the operations of the computer as well as the CPU 9, power ~ heat radiation, thus achieving a high efficiency heat radia-
source circuits, and other elements generating heat during tion.
the operation of the computer. On the back side of the LCD Referring to FIG. 2 again, the tube 6 fixed, for example,
panel 5, i.e. on its side facing the main chassis 3 are arranged spirally, on the front surface of the main chassis 3 has a
a large number of connectors, and electric wiring lines, 65 possibility that the cooling medium liquid will leak at the

connected to the connectors, extend through an opening in
the main chassis 3 and are connected to terminals of the

joints of its flexion or bending portions due to thermal
shrinkage thereof. To prevent the thus leaked cooling

SEC et al. v. MRI
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medium liquid from flowing along the main chassis down to
the stand, a liquid receiver 11 for collecting that cooling
medium liquid is provided at the lower part on the front side
of the main chassis. The main chassis is usually kept in an

6

the air inlet at the lower part to the air outlet at the upper
portion, and an improvement of the heat radiating effect is
expected due to the so-called chimney effect.

FIG. 10 shows a modification of the air flowing to the heat

upright state or a state slightly inclined with respect to the 5 radiating portion in the embodiment of FIG. 1, in which an
upright state, and the leaked liquid flows downward along  ajr ventilating fan is provided at the lower portion or the
the surface of the main chassis and can be collected in the upper portion of the cover, which covers the clearance
liquid receiver 11. Although FIG. 2 shows the example between the LCD panel and the main chassis, or fans are
where the liquid receiver 11 is disposed on the front surface provided at both the upper and the lower portion of the
side of the main chassis 3, another liquid receiver may be 10 cover, respectively. The provision of the fans shown in FIG.
provided on the back side to collect the leakage liquid 10 can further expedite the movement of air. Further, the
coming down along the tube. provision of the fans enables the transportation of a large

Further, a cover 12 is provided for covering the whole of volume of cooling air. This allows the air inlet and outlet
the computer body 1. A portion of the cover 12 that openings in the lower and upper portions to be narrowed,
corresponds to the lower portion of the space between the 15 thus causing an effect of thinning the apparatus and sup-
LCD panel 5 and the main chassis 3 is formed with an air pressing the entry of dust and dirt.
inlet 13 for air-cooling the heat radiating portion that com- FIG. 5 now shows a configuration for prevention of liquid
prises the heat transporting tube and the main chassis. leakage in the liquid cooling of a desktop type computer
Similarly, the upper portion of the cover 12 is also formed according to an embodiment of the invention. This embodi-
with an air outlet 14 for exhausting air. An air flow-through 20 ment takes a countermeasure for a case where cooling
path from the air inlet 13 to the air outlet 14 has a chimney ~ medium liquid leaks at a heat radiating portion in such an
effect for air to effect a further air-cooling on the heat  arrangement that the heat from a heat receiving head is
generating portion, thus improving the cooling efficiency. radiated on the front side of a main chassis as described with

In a modification of the first embodiment of the invention the embodiment shown in FIG. 1. In the desk-top type
described above, an air ventilating fan is provided at the s computer with an LCD, which comprises a computer body
lower portion in the cover to forcedly take in air for heat and a stand, the body is supported by the stand in an upright
exchange at the heat generating portion and then exhaust the state or a state slightly inclined from the upright state both
air, thus further improving the cooling efficiency. in use and not in use, so that the liquid leaking from the heat

As mentioned above, according to the first embodiment of radiating portion, which relatively tends to cause liquid
the invention, the casing (or cover) of a currently used leakage in the liquid cooling apparatus, flows down to the
desk-top type computer can be used as it is without changing lowest portion of the main chassis because of the above-
its size. Further, a large surface area of both the front and mentioned inclination state of the computer body.
back sides of the main chassis can be utilized in radiation of Accordingly, this embodiment features providing a liquid
heat to achieve an even more improved heat radiation effect. receiver at the lowest portion of the main chassis.
Furthermore, the chimney effect of air at the heat radiating As can be seen from FIG. 5, the liquid leaking from the
portion of the tube is expected to further improve the heat heat radiating portion flows downward along the front side
radiation effect. surface of the main chassis and is collected by the liquid

FIG. 4 now shows a configuration example for liquid receiver at the lowest portion of the main chassis. The liquid
cooling of a desk.top type computer according to another 40 receiver may be removably attached at the lowest portion of
embodiment of the invention. As shown in FIG. 4, this the main chassis in FIG. 5, or it may be formed in one united
embodiment is so constructed that a tube goes through a body with the main chassis. Furthermore, in the configura-
pump, a heat receiving head, and an Opening in a main tion example shown in FIG. 5, the hql.lld receiver is inte-
chassis and is fixed on the back surface of an LCD panel to grated with the cover for collecting the liquid coming
form a heat radiating portion. The back surface of the LCD downward along the surface of the main chassis.
panel is made of a metal material, and the heat of a cooling Furthermore, as the connections or coupling portions of
medium liquid from the tube, which is arranged spirally or the cooling medium liquid tube are supported to be liable to
in a zigzag or serpentine manner, can be transferred effec- cause liquid leakage, a liquid receiver may be provided on
tively onto the back surface of the LCD panel and radiated. the back side of the main chassis to receive the liquid leaking

A space between the LCD panel and the main chassis is 5o {rom the heat receiving head and the pump. This is because
utilized for arranging electric wiring lines etc., which are the liquid leaking from that connecting portions of the tube
connected with the connectors of the LCD panel in the same will flow down along the external surface of the tube
manner as described with the embodiment shown in FIG. 1. downward and the back side surface of the main chassis. In
Accordingly, no additional space is required for arranging addition, to receive the liquid dropping from the lowest
the tube on the back surface of the LCD panel to form the 55 portion of the mother board on which the pump or the heat
heat radiating portion. Also in the embodiment shown in receiving head is mounted, a liquid receiver may be inte-
FIG. 4, the heat radiating portion can be provided without grated with the cover at a position corresponding to the
changing the external dimensions of the currently-used lowest portion of the mother board. Further, a liquid receiver
casing of a desk-top type computer, thus contributing the may be provided on a portion of the stand close to the
thinning and miniaturization of the computer. 6o computer body.

Furthermore, the back side of the LCD panel has a large As described above, the embodiments shown in FIGS. 1
area of the metal surface, and heat dissipation can be carried and § can collect the leaked cooling medium liquid and also
out at high efficiency while utilizing this large area. In  Pprevent it from damaging the devices within the stand.
addition, the provision of the air inlet in the lower portion of FIGS. 6A, B now show configurations for liquid cooling
and the air outlet in the upper portion of the cover, which 65 and air cooling in a desk-top type computer according to

covers the clearance between the LCD panel and the main
chassis, form in combination an air flow-through path from

another embodiment of the invention. The embodiment
concerning the configurations shown in FIGS. 6A, B has
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such a construction that a heat receiving head is fixed to a
CPU arranged on a mother board to thereby receive the heat
generated by the CPU in order to transfer the generated heat
via a cooling medium liquid (water or ethylene glycol) in a

8

contact and no fixation thereto, and FIG. 9B is a view
showing a distance between an LCD panel and a main
chassis, which is almost equal to the diameter of a tube, and
the tube contacting over its entire length with the LCD panel

tube to a heat radiating portion on the front side of a main s and the main chassis for hcat re}dlauon. o
chassis or the back side of an LCD panel similarly to the FIG. 11. shows t'he relatlgnshlp between a .ﬂO.W direction
embodiment shown in FIGS. 1 and 4 and that a heat of a cooling medium liquid and a heat radiating system,
radiating fin is provided on the heat receiving head. which comprises a pump for supplying the cooling medium
. . . . liquid, a heat receiving head (a water jacket W/J), a tube, and
More .spec1ﬁcg11y3 the embodlment shown in FIG. 6 aims 10 @ tube heat-radiating portion formed in a spiral shape or in
at radiating by liquid cooling an extra heat that cannot be a zigzag or serpentine shape. In FIG. 11A, the liquid flows
radu}tc.d from the' heat radiating fin provided on the heat in the direction illustrated, and the flow path from the pump
receiving hiad‘ Slncehth];: dlczsk.-dtop ftyé) N cor[}llputgr hgs ag through the heat radiating portion up to the top portion is
el_)lnra space between the back side of the mother board an long. Accordingly, although the pump capacity has to be
the rear cover, such a heat radiating fin as pro vided in this enlarged by that much, air bubbles, which will occur in the
embodiment does not lead to an extra change in the external ;5 cooling medium liquid in the tube including the heat radi-
sizes. FIG. 6B shows a construction in which 2 fap s further ating portion, escape upward along the flow, thus enhancing
provided on the heat radle.ltm.g fin on thc. heat receving head. the effect of removing air bubbles. To this end, an air-bubble
Th§ provision of the ventilating fan reahze;s 1‘he effective and removing opening is provided at the top portion. In FIG.
rapid radlal}on of heat from the hea.t radiating ﬁn.. 11B, since the liquid flows in the direction illustrated, the
As mentioned above, the embodiment shown in FIG. 6 20 flow path from the pump to the top portion is short as
applies liquid cooling and air cooling in combination to the compared with that of FIG. 11A, and the pump can be
heat generating source such as the CPU, and it is possible to reduced in capacity. Further, FIG. 11C shows the situation
increase the maximum capacity of heat radiation and that, since there are a plurality of heat generating elements
improve the heat radiation efficiency. Furthermore, the besides the CPU as heat generating sources in the desk-top
embodlmgnt has an advanyage that, even when an flbnormal 25 type computer as described above, a plurality of heat receiv-
situation in the liquid cooling system such as freezing of the ing heads provided corresponding to the plurality of heat
cooling medium liquid such as water, the air cooling effect generating elements are thermally connected in series
by the heat radiating fin secured to the heat receiving head through the tube.
allows the computer to be operated continuously. FIG. 12 is a schematic diagram showing the function of
FIGS. 7, 8 and 9 show configuration examples concerning ., a reservoir tank for supplementing the cooling medium
the shape and construction of a heat radiating portion in a liquid and the function of removing air bubbles in the tube
tube. FIG. 7Ais a section view of the configuration in which heat radiating portion. As shown in FIG. 12, the reservoir
a spiral tube for heat radiation is disposed between an LCD tank for the liquid is provided at the highest portion in the
pancl and a main chassis, FIG. 7B is a plan view of the circulating path of the cooling medium liquid, i.e., the top of
configuration of FIG. 7A as viewed from above, and FIG. 7C the spiral tube structure or the heat radiating portion, and the
is a section view of the other configuration, in which a spiral 3> liquid in the reservoir tank serves as a supplementary liquid
tube is disposed between an LCD panel and a main chassis when the cooling liquid leaks from the tube or is evaporated.
and a pipe made of aluminum etc. is disposed at the center In addition, the disposition of the reservoir tank at the
of the tube for heat radiation. The examples shown in FIG. highest portion of the liquid circulating path causes air
7 employ such a construction that the tube, extending from  bubbles generated in the circulating path to move into the
a heat receiving head through an opening in a main chassis, 40 above-mentioned tank.
is led to the back side of the LCD panel and arranged along FIG. 12 also shows the tube heat radiating portion having
this back side, and is then led to lh? main ghassis side a-nd such a shape that the tube is folded not to simply extend
arranged along the surface of the main chassis (the arranging horizontally but in a manner that it goes from one turning
order may be reversed), thus forming the heat radiating  point along a path with an inclination angle of a to another
portion. In this construction, both the LCD panel and the 45 turning point. The liquid circulating path is thus inclined at
main chassis can serve as heat radiating surfaces, and further the heat radiating portion to cause air bubbles generated in
improvement of the heat radiation efficiency can be the cooling medium liquid at the heat radiating portion to
expected. The construction shown in FIG. 7C aims at further  easily escape into the reservoir tank. That is, this makes it
Improving the heat r'ad%atlon efficiency t?y arranging or possible to rapidly eliminate through the reservoir tank air
attaching the heat radiating metal of aluminum etc. in the 5o bubbles in the cooling medium liquid, which would occur
central space of the spiral tube disposed over the LCD panel due to some liquid leakage.
and the main chassis. FIG. 13 now shows another configuration example for
FIG. 8 shows a configuration example that a spiral tube is liquid cooling in a desk-top type computer according to an
arranged between a mother board, on which heat generating embodiment of the invention. In this embodiment, the heat
elements are mounted, and a rear cover and, in the central radiating portion of a cooling medium liquid tube is formed
space surrounded by this spiral tube, a barrel-shaped heat > on a back cover or rear cover provided on the back side of
radiating metal such as aluminum is arranged for heat a body, and the back cover is typically made of metal or
radiation. In the examples of FIG. 8, openings for air plastic, so that heat may be radiated to the outside from the
ventilation are formed as an air inlet and an air outlet in heat radiating portion through the back cover of a large
portions of the cover corresponding to the upper and lower  surface arca. The plastic material of the back cover has
portions of the barrel-shaped metal. Then, with a hollow 60 almost the same heat radiation properties as those of metal.
structure of this barrel-shaped metal, an air path is formed  FIG. 13 also shows a construction that a liquid receiver for
which extends from the air inlet through the interior of the collecting a leakage liquid of the cooling medium is pro-
hollow body to the air outlet, and the heat transferred from vided under the tube heat radiating portion disposed on the
the tube to the barrel-shaped metal is effectively radiated back cover.
thanks to the chimney effect. 65  For maintenance and inspection of the computer which is

FIG. 9A is a view of the example in which a tube is
arranged between an LCD panel and a main chassis with no

done typically by removing the back cover to inspect a
variety of devices within the body, this embodiment employs
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a hinge construction by which the back cover can be opened
and closed rather than being removed. Alternatively, a
construction may be such that the heat radiating portion is
provided on the back cover fixed to the body, and when
maintenance and inspection, an LCD panel is pushed down

10

head, so that the generated heat of the CPU is thermally
transferred through the cooling liquid circulation
means and is released from the heat radiation fin to
atmosphere;

Ce 1 D ! 5 a reservoir tank connected to the cooling liquid circulation
forward with its bottom side as a rotary supporting point and means at a position above the cooling liquid pump for
then opened with its side as a rotary supporting point for eliminating air bubbles in the cooling medium liquid.
inspection of the internal devices. 4. An all-in-one computer according to claim 3, wherein

FIG. 14 shows further another configuration example for said CPU cooling section further comprises a cooling fan
liquid cooling in a desk-top type computer according to an ;4 and cools the heat radiation fin by said cooling fan.
embodiment of the invention. In this embodiment, as viewed 5. An all-in-one computer according to claim 4, wherein
from the front side of the computer, an LCD panel, a mother said CPU cooling section has a three-layer structure in
board, a main chassis, a heat radiating portion, and a back which the heat receiving head is mounted on an upper
cover are arranged in this order. It has a construction that the surface of the CPU, the heat radiation fin is attached to an
back cover can be detached from the body, the main chassis upper surface of the heat receiving head and the cooling fan
is disposed opposite to the back cover, and the heat radiating 15" s mounted on an upper surface of the heat radiation fin.
portion is attached to the main chassis, in which heat is 6. An all-in-one computer according to claim 4, wherein
transferred to the back cover through a heat conductor a part of the generated heat of the CPU is transferred to the
having an elasticity function, which is provided between the cooling liquid at the heat receiving head, and a remainder of
heat radiating portion and the back cover. That is, through the heat is forcedly air-cooled at the heat radiation fin by the
the elastic heat conductor, the heat radiating portion butts 20 cooling fan.
against the back cover with no gap, thus providing a good 7. An all-in-one computer according to claim 4, wherein
heat radiating effect. the generated heat of the CPU is radiated from the heat

This embodiment enables heat to be radiated through the ~ radiation fin during a normal operation of the computer, and
back cover of a large heat radiation area and an error in when the heat has a higher temperature, is partially released
mounting of the back cover to be accommodated by means 25 from the heat radiation fin and is thermally transferred
of the elastic heat conductor. through the cooling liquid circulation means to be radiated.

According to the invention, it is possible to effectively 8.A CPU cooling unit f(.)r an al}-m-or}e computer haVIF‘g
radiate to the outside the heat generated by hot heat gener- a CPU, a display, cooling hqulq c1rculat19 01 MCANS COMPIIS-
ating elements such as a CPU in a desk-top type computer ing a tubular flow path f{lled V.mh a cooling liquid, a part of
comprising an LCD. 30 the tubular flow palh bemg d}sposed on a back face. of the

What is claimed is: dlspl@y, gnq a 'coohrl'g liquid pump.connf.:cted with 'the

1. An all-in-one computer comprising: qool.lng. liquid glrcu}atlon means for c1¥culat1{1g the cqqhng

' P prising: liquid in one direction, said CPU cooling unit comprising:

a CPU, .. . .

. a heat receiving head connected to a middle portion of the

a display; 35 cooling liquid circulation means and transferring heat

a cooling liquid circulation means comprising a tubular generated by the CPU to the cooling liquid; and

ﬂ(i)wlpagl ﬁllcdhvzlﬂ.l ag.o ollngdhquldt,) alf %rt of fsaﬁd a heat radiation fin releasing heat stored in the heat
Sisulzr‘ ow path being disposed on a back tace of the receiving head to atmosphere;
pays . AT the CPU cooling unit being disposed below a reservoir

a cooling liquid pump connected with the cooling liquid tank ted to th line Liauid circulati

circulation means for circulating the cooling liquid in 0 fan connecled 19 the COOTNS lquic cieutalion means

L or eliminating air bubbles in the cooling liquid.

one derCT:IOIl, . . . 9. A CPU cooling unit according to claim 8, wherein said

a CPU cooling 'secpon_conne.cled to a middle portion of heat receiving head is disposed on a thermally connecting

the cooling liquid circulation means and cooling the face side to the CPU, and said heat radiation fin is provided

CPU with the cooling liquid; and on an opposite side to a thermally connecting face to the
a reserve tank having an air space and a cooling liquid *° Cpy.

space at a vertically highest portion of the cooling 10. A CPU cooling unit for an all-in-one computer having

liquid circulation means. a CPU, a display, a cooling liquid circulation means com-

2. An all-in-one computer according to claim 1, wherein prising a tubular flow path filled with a cooling liquid, a part
said air space of the reserve tank collects air bubbles in the of the tubular flow path being disposed on a back face of the
cooling liquid circulation means, and said cooling liquid S0 display, and a cooling liquid pump connected with the
space is filled with supplementary cooling liquid. cooling liquid circulation means for circulating the cooling

3. An all-in-one computer comprising: liquid in one direction, said CPU cooling unit comprising:

a CPU; a heat receiving head connected to a middle portion of the

a display; cooling liquid circulation means and transferring heat

a cooling liquid circulation means comprising a tubular 53 generated by the CPU to the cooling liquid; and

flow path filled with a cooling liquid, a part of said a heat radiation fin subjected to forced radiation of heat
tubular flow path being diSpOSCd on a back face of the stored in said heat receiving head to a[mosphcre;
display; the CPU cooling unit being disposed below a reservoir

a cooling liquid pump connected with the cooling liquid tank connected to the cooling liquid circulation means

circulation means for circulating the cooling liquid in 60 for eliminating air bubbles in the cooling liquid.
one direction; and 11. A CPU cooling unit according to claim 10, wherein

a CPU cooling section connected to a middle portion of said heat receiving head is disposed on a thermally connect-

the cooling liquid circulation means and cooling the ing face side to the CPU, and said heat radiation fin
CPU with the cooling liquid, said CPU cooling section subjected to forced heat-radiation is provided on an opposite
comprising a heat receiving head transferring heat 65 side to a thermally connecting face to the CPU.

generated by the CPU to the cooling liquid and a heat
radiation fin radiating the heat from the heat receiving
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