1 JI-TLE OF THE | NVENTI ON HEAT SI NK FOR PORTABLE ELECT ébﬁ%gﬁél
BAGKGROUND OF THE | NVENTI ON The present invention rel at ks for
5.us€e in portable electronic devices for disposing of the he nerated by
amyel ectroni c conponent of the device. The term "al um nunf 4§9€;;§j herein

i ncl udes pure al um num and al um num al | oys. 10 Wth p

el ectroni c devices including, for exanple, notebook personal conputers,
| aptop person- al conputers and ot her pontable conputing devices, it is
necessary to renove the heat generated by el ectronic conponents such as

m croprocessor unit 15 (MPU). PETLEXORMPIRE INWMENTIGON per sonal conputers
gener- ally conprise a thin housing having a keyboard, and a display device
which is free to openHEATCSIKK FOR PORTABLE ELECTRONIC DEVICES

BACKGROUND OF THE INVENTION
Thalpresent invention relates to heat sinks for
5 use in portable electronic devices for disposing of
the heat generated by an aelectronic component of the
devica.
The term "aluminum” as used he:ein includes pure

- | aluminum and aluminum alloys.

10 With portable electronic devices including, for
example, notebook personal computers, laptop person-
al qoﬁputers and other portable computing devices,
it is necessary to remove the heat generated by
electronic componeﬁts such as microprocessor unit

15 (MPU).

For exampla, notebook personal computers gener-
ally comprise & thin housing having a keyboard, and
a display device which is free to open or close
relative to the housing. Arranged in the housing

20 are an MPU énd an aluminum or like metal plate
diaposed below the keyboard and serving as an elec-
tromagnetic shield. - .

U.S. Patent No. 5,513,070 discloses the follow-;



relative to the housing. Arranged in the housing 20 are an MPU and an

al tmi num or 1ike netal pl at e di sposed bel ow t he keyboard and serving as an
el ec-" tromagnetic shield. U S. Patent No. 5,513,070 discloses the foll ow
2%jng structure for renoving heat fromthe MPU for use in such notebook
conmputers. A circuit board provided with an MPU on its underside is forned
with heat channels extending fromthe underside to its 5 upper side. The
MPU is thermally connected by the heat channels to an al um num bl ock
nmounted on the upper side of the circuit board. A tubular heat pipe has one

and attached to {he FéHBUUFE 2o2CkeRBULAY héd & HrdiEhaOMBECEEE (1§ NEL Al
pl at e di sposed 10 bel ow t he keyboard and serving as an el ectromagnetic

in such noteboock computars. A cirguit board

provided with an MPU on its underside is formed with

heat channels extending from the underside to its

5 upper side. The MPU ia thermally connected by the

heat channels to an aluminum block mounted on the

upper side of the circuit board. A tubular heat

pipe has cne end attached to the aluminum block and

the otheér and connected to a metal plate disposed

10 Dbelow the Reyboard and serving as.an electromagnetic
shield. The heat generated by the MPU is
transferred through the heat channels to the
aluminum block and further through the heat pipe to
the metal plats, and released from this plate.

15 It is strongly desired that notébock computers
and like portable electronic devices be compacted
anﬁ_have feduced weight since they are intended
chiefly for portability. However, the heat aink
structure described requires the aluminum block and

20 tubular heat pipe, is therefore relatively bulky and
heavy, and has the problem that the electronic
device can not be made more compact and less heavy
in its entirety. The heat generated by the MPU is

tranaferred toc the working liquid by way of the heat



shi el d. The heat generated by the MPU is transferred through the heat
channels to the al um num bl ock and further through the heat pipe to the
netal plate, and released fromthis plate. 15 It is strongly desired
that not ebook conputers and |ike portable el ectronic devices be conpacted
and have reduced wei ght si-nce they are intended chiefly for portability.
However, the heat sink structure described requires the al um num bl ock and
20 tubul ar heat pipe, is therefore relatgvely bul ky and heavy, and has the
problemthat the electronic device can not be nade nore conpact and |ess

\*A‘gf‘ﬁ’n' " its S’%ﬁiﬂﬁls,;”ﬁhdﬁﬂ%hm%ﬁ!%ﬂt&@d byuuiMRid1i1s ofr ghef erred to the
g liqui y way o heat 3 channel s, al um num bl ock and tubul ar
wal | of the heat pipe, so that the disclosed structura has
another problem of failing to effect efficient heat
transfer from the MPU to the working liguid and
S being low in heat disposal effact.
SUMMARY OF THE INVENTION

An object of the present invention is to pro&ide
a heat sink which is free of the foregoing problems
for use in portabls electronic devices.

10 Other objects of the invention will be readily
understood as the description prcoceeds.

The presant invention provides a heat sink for
use in a portable electronic device for disposing of
the heat generated by an electronic component of the

15 device, the heat sink comprising in its entirety a
metal clad plate composed of two metal sheets and
having a nonbonded portion in a required pattern,

" the nonbonded portion providing a heat pipe poxrtion
formed by outwardly inflating at least one of the

20 +two metal sheets of the nonbonded portion to make a
hollow portion and enclosing a working liquid in the
hollow portion, the metal clad plate having on one
surface thereof a mount portion for the elect:onic

component at a region therecf where the heat pipe



hegat pips, so that the disclosed structure has another problemof failing
to-effect efficient heat transfer fromthe MPUto the working liquid and 5
being low in heat disposal effect. SUMMARY OF THE | NVENTI ON An obj ect of
the present invention is to provide a heat sink which is free of the
foregoi ng problens for use in portable electronic devices. 10 O her
obj ects of the invention will be readyly understood as the description
proceeds. The present invention provides  heat sink for use in a portable
el ectroni c device for disposing of the heat generated by an el ectronic

conponent  of th%o&@i@ﬂyﬂiepaEBEyrﬁfﬁséﬂiﬂktﬁ@nﬂhhiiEﬂpé“péiéiéﬁ“irety a

nmetal clad plateée conposed of two netal sheets and having a nonbonded

o | o Son A BoBSE Tepb B ARl A PpgH 0 2 Nt ol pe
sheets of the n%%%%gg%dwﬂggaigﬂet&bdﬁ%“ié}tion is present.
When the heat sink is incorporated into a
5 portable electronic device such as notebook ﬁerscnal
computer, with 8 heat-generating electronic
component such as MPU attached to the mount portion,
the working liquid in the heat receiving portion is
heated with the heat produced by the component and
10 evaporatas. The resulting gas flows toward other
portion, where the gas releases heat through the
clad plate and liquefias. The working liguid thus
ligquefied again returns to the heat receiving
portion. The ligquid remaining at locations éther
1§ than the heat receiving portion flows into the heat
receiving portion. This operation is repeatad to
dispose of the heat generated by the component.
Since the heat ggnarated by the elactronic component
is transferred to the workRing liquid in the heat
20 receiving portion of the heat pipe portion only
through the metal sheets of the clad plate, the heat
sink effects efficient heat transfer from the
component to the working liquid te produce an

improved heat disposal effect.



hal | ow portion and enclosing a working liquid in the hollow portion, the
metal clad plate having on one surface thereof a nmount portion for the

el ectroni c conponent at a region thereof where the heat pipe 4 portion
is partly present, the heat pipe portion having a heat receiving portion at
the region thereof where the nount portion is present. Wien the heat sink
I's incorporated into a 5 portable el ectronic device such as not ebook
personal conputer, with a heat-generatinﬁ el ectroni c conponent such as MPU
attached to the nount portion, the workihg liquid in the heat receiving

portion is heated rﬁggﬁ uged +Ned 10
evaporates. The resu ng gas oﬁgﬁtg§a% oz €&¥ portlon mhere t he gas

rel eases heat tQE?%QBl& &lectronic device, the metal clad plate

functions as an elsctromagnetic shield, consequently
eliminating the need to provide ancother metal platas.

5 Moreover, there is no need to use an aluminum block
since the slectronic component can be attached
directly to the mount portion. Accordingly, the
notebock computer having the conventional heat sink
structure described can be made more compact and

10 reduced in weight if incorporating the heat sink of
the invention.

The present invention will be described below in
greater detail with reference to the accompanying
drawings.

1§ BRIEF DESCRIPTION OF EHE DRAWINGS

FIG. 1 is a side elevation in section partly
broken away and scnematically showing a notebook
personal computer wherein a first embodiment of heat
sink of the invention is incorporated;

20 FIG. 2 is a perspactive view showing the heat
sink;

FIG. 3 is a side elevation of the heat sink;

FIG. 4 is a fragmentary plan view of the heat

sink;



cl.ad plate and liquefies. The working liquid thus liquefied again returns

td-the heat receiving portion. The liquid remaining at |ocations other
receiving portion flows into the heat receiving portion.

t han t he heat

15
Thi s

operation is repeated to dispose of the heat generated by the conponent.
Since the heat generated by the el ectronic conponent is transferred to the
working liquid in the heat 20 receiving portion of the heat pipe portion

only through the nmetal sheets of the cld plate, the heat sink effects

efficient heat transfer fromthe conponent to the working liquid to produce
. an inproved heat diRjfos® isf macenlarged Wikew tife seedlosi KRXP8 | ncor por at ed
+.into the portable electronic device, the netal clad plate

10

15

20

along the line A-A in FIG. 4;

FIG. 6 is an enlarged view in section taken
aloné'the line B-B in FIG. 4;

FIG. 7 is a fragmentary plan view showing
another haeat sink of the invention as a second
embodiment;

FIG. 8 is a perspactive view showing another
heat sink of the invention as a third embodiment;

FIG. 9 is a perspective view showing another
heat sink of the invention as a fourth embodiment;

FIG. 10 is a perspective view showing another
heat sink of the invention as a f£fifth embodiment;

FIG. 11 is an enlarged view in section taken
along the line C-C in FIG. 10; -

FIG. 12 is an enlarged view in section taken.
along the line D-D in FIG. 10;

FIG. 13 is a perspective view showing another
heat sink of the invention as a sixth embodiment;

FIG. 14 is a perspective view showing another

heat sink of the invention as a seventh embodiment;

FIG. 15 is a perspactive view showing another
heat sink of the invention as a eighth embodiment;

FIG. 16 is a perspective view showing ancther



functions as an el ectromagnetic shield, consequently elimnating the need
tb.provide another netal plate. 5 Moreover, there is no need to use an

al um num bl ock since the electronic conponent can be attached directly to
t he nount portion. Accordingly, the notebook computer having the
conventional heat sink structure described can be nmade nore conpact and 10
reduced in weight if incorporating the heat sink of the invention. The
present invention will be described beldw in greater detail with reference
to the acconpanyi ng draw ngs. 15 BRI EF DESCRI PTI ON OF THE

DRAW NGS FI G 1hest ssigikiefttheatinventhos eas i » mingh [epbeddrentanway and
schematically showi ng a not ebook personal conputer wherein a first

embodi nent of heat EIGK X¥ ishan sntarged view noorgemtdoedtakén FIG 2is

a perspective view show ng the heat sink;
along the line E-E in FIG. 16;
FIC. 18 is a perspective view showing another
5 heat asink of the invention as a tenth embodiment;
FIG. 19 is a perspective view showing another
heat sink of the invention as a eleventh embodiment;
FIG. 20 is a perspective view showing another
heat sink of the invention as a twelfth embodiment;
10 FI16. 21 is a perspective view showing another
heat sink of the invention as a thirteenth
embcdiment; and
FIG. 22 is a perspective view showing another
heat sink of the invention as a fourteenth embodimant.
15 DESCRIPTION OF THE PREFERRED EMBODIMENTS
Throughout the drawings, lika parts are
designataed by like reference numerals and will not
- be described rapeatedly.
FIGS. 1 to 6 show a first embodiment of heat
20 sink according to the invention.
FIG. 1 shows a notabook personal computer 200
equipped with 2 heat sink 1 as the first embodiment.
With reference to FIG. 1, the computer 200 comprises

a thin housing 400 having a keyboard 300, and a



FILG 3 is a side elevation of the heat sink; FIG 4 is a fragnmentary pl an

virew of the heat sink; 6 FIG 5 is n enlarged view in section taken
along the line AAAin FIG 4; FIG 6 is an enlarged view in section taken
along the line B-Nin FIG 4; 5 FIG 7 is a fragnentary plan view

show ng anot her heat sink of the invention as a second enbodinent; FIG 8
IS a perspective view showi ng anot her heat sink of ths invention as a third
enbodi ment; 10 FIG 9 is a perspect i%e vi ew showi ng anot her heat sink
of the invention as a fourth enbodinment; FIG 10 is a perspective view

show ng anot her display device 500 which is free to oﬁen and closa
ralative to the housing 400. The heat sink 1 is
disposed beneath the keyboard within the housing
400. An MPU S is attached to the underside of the
5 heat sink 1, with a heat transfer shaet 14 of
rubber, synthetic resin or the like interposed
therebetweean.
FIGS. 2 to 6 show the first embodiment, i.e.
heat sink 1. With reference to these drawings, the
10 heat sink 1 comprises in its entirety an aluminum
clad plata 10 composad of upper and lower two
aluminum shests 2, 3 and having a nonbonded portion
in a required pattern. The nonbonded portion
provides a heat pipe portion 5 formed by outwardly
15 inflating the upper aluminum sheet 2 of the
nonbonded portion to make a hollow portion 4 and
enclosing'a working liquid (not shown) in the hollow
portion 4. Useful as the working liquid is PFC,
HFCl134a, CFC113, HCFCl23 or the like. The working
20 1liquid is enclosed in an amount of about § to 75%,
preferably about 40 to about 50%, of the capacity of
the hollow portion 4. The working liquid is
enclosed by férming a channel in the aluminum clad

plate 10 in communicaticn with the hollow portion 4



heat sink of the invention as a fifth enbodi nment;

FIG 11 is an enlarged

view in section taken 15 along the line CGCin FIG 10; FIG 12 is an
enlarged view in section taken along the line DDin FIG 10; FIG 13 is a
perspective vi ew showi ng another heat sink of the invention as a sixth

enbodi nent; 20

of the invention as a seventh enbodi nent;

FIG 14 is a perspective view show ng anot her

heat si nk

FIG 15 is a perspective view

showi ng anot her heat sink of the inventign as a eighth enbodinent; FIG 16

IS a perspective view show ng anot her

7 heat sink of the invention an a

ni nth enbodi nentandFectedding €6 &ilcitead edgavotnthepleove titkam al ong the
line E-E in FIG 16;

10

15

20

provide an cpening at the edge, injecting the liquid
through the opening, and thersafter collapaing the
upper aluminum sheet 2 of the channel portion f£lat
and bonding the shaet 2 to the lower aluminum sheet
3 under pressurs.

The upper aluminum sheet 2 is made, for example,

from JIS 21230, and the lower aluminum sheet 3 is

prepared, for example, from a continuous cast sheet

of JIS A3003. The aluminum clad plate 10 is -
prepared, for example, by the so-called roll bonding
process because this process has the advantage of
giving complex c¢ircuits of hollow portions,
producing plates free of leskage, being highly
amenable to mass production and having greatef
freedom with respect to the size and configuratibn
of the product. -With this process, a parting agent
is printed in a required pattern on at least one of
the opposed surfaces of two aluminum sheets 2, 3 to
be joined, the sheets 2, 3 are then bonded in this
state under pressure to obtain a clad plate having a
nonbonded portion, end a pressurized fluid is
introduced intc the nonbonded portion of the clad

plate to form a hollow portion 4 at a time. The



FIG 18 is a perspective view show ng another 5 heat sink of the invention

as-a tenth enbodi nment:
sink of the invention as a el eventh enbodi nent ;
vi ew showi ng anot her

anot her heat sink of the invention as a ¥@urteenth enbodi nent. 15
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Thr oughout the draw ngs,

parts are desi gparedngyajeke tefms ased depefarsesauple) |amdinke descri bed

FIG 19 is a perspective view show ng anot her heat
FIG 20 is a perspective
heat sink of the invention as a twelfth enbodi nent;

Fl& 21 is a perspective view show ng anot her
as a thirteenth enbodi nent;

heat sink of the invention
and FIG 22 is a perspective view show ng

l'i ke

10

repeatedly. FIGS. 1 to 6 show a first enbodi nent of heat 20 sink according

to the inventiogonkistihgsheisly abicldeidatr goaphitempittey 1200 equi pped
wth a heat sink 1 as the first enbodi nent.

10

15

20

micrometer in particle size. However, the process
for producing the aluminum c¢lad plate 10 is not
limited to roll bonding.

The aluminum clad plate 10 is in the form of a
rectangle having a relatively large width. The
approximate center portion of the undersida of tha
plate 10 serves as a portion for mounting an MPU.
The heat pipe portion S has a heat recaiving portion
6 present at the MPU mount portion 13 and comprising
a plurality of annular parts 8 in a concentric
arrahgement, and a plurality of short straight paxrts
g for holding the adjacent annular parts 8 in
communication with one another. All the annular
parts 8 are equal to one another in width and
height. All the short straight parts 9 are also
equal to one another in width and haight. The width
of the annular parts 8 is egual to the width of the
short straight parts 9, and is within the range of
0.5 to 20 mm. The haight of the annular parts 8 is
equal to the height of the short straight parts 9,
and is within the range of 0.1 to 10 mm.

The heat pipe portion 5 has a plurality of long



Wth reference to FIG 1, the conputer 200 conprises a thin housing 400
havi ng a keyboard 300, and a di spl ay device 500 which is free to open
and close relative to the housing 400. The heat sink 1 is disposed beneath
t he keyboard within the housing 400. An MPU S is attached to the underside
of “the 5 heat sink 1, with a heat transfer sheet 14 of rubber, synthetic
resin or the like interposed therebetween. FIGS. 2 to 6 show the first
enbodi ment, i.e. heat sink 1. Wth referignce to these draw ngs, the 10 heat
sink 1 conprises inits entirety an alumnumclad plate 10 conposed of
upper and | ower gtpaightnparits Shapitanding zadiadlynfram nthebdveaddd portion in
a required pattern. The nonbonded portion provides a heat pipe portion 5
fornmed by outwagpgh¥iving portion 6. The long straight parts 7 are
greater than the annular parts 8 and the short
straight parts in width.

5 As shown in FIG. 5, the long straight parts 7
arranged radially have joints 11 between the inper
surface of the upper aluminum sheet 2 and the inner
surface of the lower aluminum sheet 3, and the
joints 11 are edgelike. It is desired that the

10 joint 11 have an angle o of up to 60 deg between the
inner surface of tha upper aluminum sheet 2 and the
inner surface of the lower aluminum sheet 3. In
this case, the working liguid as liquefied again
readily returns to the heat recelving portion 6 of

15 the heat pipe portion 5 owing to a capillary effect
of the joints 1ll.

With reference to FIG. 6, the short straight
parts 9 have joints 12 between the inner surface of
the upper aluminum sheet 2 and the inner surface of

20 <the lower aluminum sheet 3, and the jeints 12 are
edgelike. It is desired that the joint 12 have an
angle 8 of up to 60 deg between the inner surface of

the upper aluminum sheet 2 and the inner surface of

the lower aluminum sheet 3. In this case, the



15 inflating the upper alum num sheet 2 of the nonbonded portion to nake a
hél-l ow portion 4 and enclosing a working liquid (not shown) in the holl ow
portion 4. Useful as the working liquid is PFC, HFCl34a, CFCl13, HCFCl123 or
the like. The working 20 liquid is enclosed in an ambunt of about 5 to 75%
preferably about 40 to about 50% of the capacity of the hollow portion 4.
The working liquid is enclosed by formng a channel in the alum num cl ad
plate 10 in conmmunication with the holl ogzportion 4 9 and extending to
an outer edge of the plate 10 to provide an opening at the edge, injecting

the |iquid throuwgbrkirmg doaniin) beandeshreadi ly rravd inapdien Pyt RRaupper
al um num sheet 2 of the channel portion flat 5 and bonding the sheet 2 to
the |ower alum nhgatheedeiving portion 6 owing to an increased
capacity to retain the liquid due to a capillaxry
effect of the joints 12. Although not shown, the
S annular part 8 has exactly the same cross sectional
shape as the short straight part 9.

The joints 11 of the long straight paxt 7, and
the joints 12 of the short straight part 9 and the
annular part 8 may be rounded instead of béing

10 edgelike. In this case, it is desired that the
joints 11, 12 have a radius of curvature of up to 1
mm.

With reference to FIGS. 1 to 3, the MPU §, which

is in the form of a short solid ¢cylinder, is

15 attached to the MPU mount portion 13 on the
underside of the aluminum clad plate 10 having the
foregoing' construction for use as the haat sink 1,
with a heat transfer sheet 14 of rubber, synthetic
resin or the likse ipterposed between the MPU S and

20 <the mount portion 13. The MPU S is nearly as large
as the mount portion 13. The heat generated by the
MPU 8§ is transmitted to the working ligquid within
the heat receiving portion 6 of the heat pipe

portion 5 through the upper and lower aluminum



3_under pressure. The upper alum num sheet 2 is nade, for exanple,
A1230, and the |lower alum num sheet 3 is prepared, for exanple, froma
continuous cast sheet 10 of JI'S A3003. The aluminumclad plate 10 is
prepared, for exanple, by the so-called roll bonding process because this
process has the advantage of giving conplex circuits of hallow portions,
produci ng plates free of | eakage, being highly 15 anenable to ness

producti on and having greater freedomw l® respect to the size and

fromJIS

configuration of the product. Wth this process, a parting agent is printed
in a required psheats 8n 3t | Thetworking liquidppeasedsuithcei® of two

al um num sheets 2, 3 to 20 be joined,
this state undeheateavaperatesbinithe pirdidon &t dntavangas,

rhded

the sheets 2, 3 are then bonded in

portion, and a pressurized fluid is introduced into the nonbonded portion
of the clad pl aifaowe threughhall ovheddrgstiaiight pants Thtoward

i0

15
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their outer ends. The gas releases heat at thaese
parts through the aluminum clad pléta 10 and
liquefies. The working liquid thus liquefied again
returns to the heat receiving portion 6 by virtue of
the capillary effect of the joints 1l in the cross
section of the long straight parts 7. The portion
of working liguid originally remaining in the long
straight parts 7 also flows toward the haat
receiving portion 6.owing to th; capillary effect of
the joints 11 in the cross section of the long
straight parts 7. The phencmena and movement
described are repeated to dispose of the heat
generated by the MPU 8.

The heat produced by the MPU S is transferred to
the working liquid retained in the heat receiving
portion 6 solely through the aluminum sheets 2,3
providing the portion 6, so that the heat can be
transferred to the working liquid with an improved
efficiency. Furthermore, the gas converted from the
ligquid in the heat receiving portion 6 flows through

the long straight parts 7 toward their outer ends



10 partlng agent to be used is, for exanple, an ink consisting mainly of
colloidal graphite up to 1 micrometer in particle size. However, the
process for producing the alum numclad plate 10 is not 5 linmted to rol
bondi ng. The alum numclad plate 10 is in the formof a rectangle having a
retatively large width. The approxi mate center portion of the underside of
the plate 10 serves as a portion for nmounting an MPU. 10 The heat pipe
portion 5 has a heat receiving portion @4resent at the MPU nount portion
13 and conprising a plurality of annular parts 8 in a concentric
arrangenent, andnd plquefiey agaighatt asicorghonpsyitigiensilih@Wding t he
adj acent annul ar parts 8 in 15 comunication with one another. All the
annul ar from the MPU mount portion 13, consequently
releasing tha heat at a portion sufficiently away
from the MPU S and having a relatively low
5 temperaturs. Thig achieves an improved heat
disposal efficiency.
The annular parts 8 and the short straight parts
S have a smaller width than the radially arrangaed
long straight parts 7. The heat receiving portion &
10 is therefore given increased ability to raetain the
working liguid by this feature and also by the
capillary effect of the joints 12 of the annular
parts 8 and the short straight parts S. As a
result, the heat receiving portion & of the heat
15 pipe portion 5 has retainad therein the working
liquid at all times and is less susceptible to a
drying=-out phenomenon.
FIG. 7 shows another heat sink 15 as a second
embodiment of the invention. With refexence to FIG.
20 7, the heat sink 15 of the second embodiment differs
from the heat sink 1 of the first embodiment in that
the heat pipe portion 5 has a heat receilving portion

20 which comprises a circular part 21, an annular

part 22 spaced apart from the circular part 21



parts 8 are equal to one another in width and height. Al the short
straight parts 9 are also equal to one another in wi dth and height. The

wi dth of the annular parts 8 is equal to the width of the 20 short straight
parts 9, and is within the range of 0.5 to 20 mm The hei ght of the annular
parts 8 is equal to the height of the short straight parts 9, and is within
. the range of 0.1 to 10 mm The heat pipe portion 5 has a plurality of |ong
- straight parts 7 extending radially from§he heat receiving portion 6. The
| ong straight parts 7 are greater than the annular parts 8 and the short

- straight parts iraddialdf. odtward #£%d dunideritrid Cherewitl, | 8@ Strai ght parts
7 arranged radially have joints 11 between the inner surface of the upper
al um num sheet 2137d14k¢ bfNShort straight parts 23 for causing the
circular part 21 to communicate with the annular
part 22. The width of the annular part 22 and all
5 the short straight parts 23 iz aqual to the width of
long straight parts 7 radially extending from the
annular part 23.
Although not shown, the joints between ths inner
surface of the upper aluminum sheet 2 and the inner
10 surface of the lower aluminum sheet 3 for providing
the annular part 22 and the short straight parts 23
may be edgelike or rounded. In the former case, it
is desired that the edgelike joint have an angle of
up to 60 deg between the inner surface of the upper
15 aluminum sheet 2 and the inner surface of the lower
aluminum sheet 3. In the latter case, the :oundéd
joints preferably have a radium of curvature of up
to 1 mm.
Like the heat sink 1 of the first embodiment,
20 <the heat sink 15 is incorporated into a notebook
perscnal computer 200. An MPU § is attached to the
mount portion 13 on the undgrsidc of the gink with a

heat transfer sheet (not shown) interposed

therebetween. The heat produced by the MPU S is



surface of the |lower alum num sheet 3, and the joints 11 are edgelike. It

i S-desired that the 10 joint 11 have an angle [err]of up to 60 deg between
the inner surface of the upper alum num sheet 2 and the inner surface of
the | ower alum numsheet 3. In this case, the working liquid as |iquefied
agdin readily returns to the heat receiving portion 6 of 15 the heat pipe
portion 5 owing to a capillary effect of the joints 11. Wth reference to
FIG 6, the short straight parts 9 have jgints 12 between the inner surface
of the upper alum num sheet 2 and the inner surface of 20 the | ower

al um num sheet dispodethof] dhnthe ldamis dmanfeel akcinl the scaes g cklanat t he
joint 12 have an angle [err] of up to 60 deg between the inner surface of

t he upper al um peEtsaeak 3dfatRatfitrst@bodimbate of the | ower al um num
sheet 3. In this case, the
FIG. 8 shows another heat sink 25 as a third
embodiment of the invention. With reference to FIG.
§ 8, the haat sink 25, which is fabricated in the same
manner as the heat sink 1 of the first embodiment,
comprises an aluminum clad plate 26 which is in the
form of a rectangle having a relatively small width.
The underside of tha plate 26 provides an MPU mount
10 portion 29 at the midportion of its length cleoser to
ona long side of tha plate. The heat pipe portion
28 of the sink has at the region providing the mount
portion 27 a heat receiving portion 29 which is
latticelike. The heat pipe portion 28 has a
15 plurality of straight parts 30 extending radially
from the heat receiving portion 29 and varying in
length.
Like the heat sink 1 of the first ambodiment,
the heat sink 25 is incorporated into a notebook
20 personal computer 200. An MPU Sl in the form of a
short quadrangular prism is attached to the mount
portion 27 on the underside of the sink with a heat

transfer sheet (not shown) interposed thershetweean.

The MPU S1 has approximately the same size as the



12 working |iquid becones readily retainable by the heat receiving portion
6°owing to an increased capacity to retain the liquid due to a capillary
affect of the joints 12. Although not shown, the 5 annular part 8 has
exactly the sane cross sectional shape as the short straight part 9. The
joints 11 of the long straight part 7, and the joints 12 of the short
straight part 9 and the annular part 8 may be rounded i nstead of being 10
~edgelike. In this case, it is desired that the joints 11, 12 have a radius
- of curvature of up to 1 nm Wth reference to FIGS. 1 to 3, the MPU S,
- which is in the Haatmmeced vihgr porbion 291 i rher heas pSoduced byl the t he MPU
nmount portion 13 on the underside of the alum numclad plate 10 having the
f oregoi ng const MRt iSIn ifsodispesed bdheirmertic wHame hanner as in the
cage of tha haat sink 1 of the first embodiment.
FIG. 9 shows another heat sink 35 as a fourth
5 embodiment of the invention. With reference to FIC.
9, the heat sink 35 of the fourth embodiment differs
£rom the heat sink 25 of the third embodiment mainly
in that the heat pipe portion 37 of the sink 35
comprises & looplike part 38 communicating at
10 opposite ends thersof with the heat receiving -
portion 29 in place of the straight parts extending
radially from the portion 29. The looplike part 38
is slongated longitudinally of the aluminum clad
plate 26 and is generally rectangular. The looplike
15 part has a uniform channel cross sectional area in
its entirety.
Like the heat sink 1 of the first embodiment,
the heat sink 35 is incorporated into a notebook
personal computer 200. An MPU S1 is attached to the
20 mount portion 27 on the underside of the sink with a
heat transfer sheet (not shown) interposed
therebetween. Theé heat produced by the MPU Sl is
transferred to the working liquid within the heat

receiving portion 29 of the heat pipe portion 37



with a heat transfer sheet 14 of rubber, synthetic resin or the |like

i hter posed between the MPU S and 20 the mount portion 13. The MPU is
nearly as large as the nmount portion 13. The heat generated by the MPU S is
transmtted to the working liquid within the heat receiving portion 6 of
the heat pipe portion 5 through the upper and | ower al um num 13 sheets
2, 3. The working liquid heated with the heat evaporates in the portion 6
into a gas, which flows through all the igng straight parts 7 toward their
outer ends. The gas rel eases heat at these 5 parts through the al um num

clad plate 10 anduldelings uplie 40 i g ok Snbp B | Be 2031 1

returns to the heat recelving portion y virtue of the capillary effect
of the joints 114 P 1933 heatad with the heat avaporates in

the portion 29 into a gas, which flows into the
looplike part 38 aﬁd further flows in a direction

5 away from the heat recaiving portion 29, raleasing
heat.through the aluminum clad plate 26 to liquefy.
The working liquid thus liquefied again circulates
or flows raversely through the looplike part 38 and
returns to the heat receiving portion 29. The

10 portion of working ligquid originally remaining in
the looplike part 38 also flows toward tha heat
receiving portion 29. The phenomena and movement
dascribed ars.repeated to dispose of the heat
generated by the MPU Sl.

15 FIGS. 10 to 12 show another heat sink 40 as a
fifth embodiment of the invention. With reference
to FIG. 10, the heat sink 40 of the fitth embodiment
differs from the heat sink 35 of the fourth
embodiment mainly in that the heat pipe portion 41

20 of the sink 40 has a locplike part 42 which
comprises a part 43 of great channel cross.sectional
area and a part 44 of small channel cross sectional
area. Thus, the looplike part 42 at opposite sides

of the heat receiving portion 29 is greater at one



section of the long straight parts 7. The portion 10 of working liquid
orkginally remaining in the long straight parts 7 also flows toward the
heat receiving portion 6 owwng to the capillary effect of the.joints 11 in
the cross section of the long straight parts 7. The phenonena and novenent
I5-descri bed are repeated to dispose of the heat generated by the MPU S
The heat produced by the MPU S is transferred to the working liquid
retained in the heat receiving portion 61%olely through the al um num sheets
2,3 20 providing the portion 6, so that the heat can be transferred to the
working |iquid wide zhanmptothd etheriswds inFehahseboCee88 he gas converted
fromthe liquid in the heat receiving portion 6 flows through the |ong
strai ght parts Bdcndondlt Beaa.outlts puxis 43 of great channel cross
sectional area is larger than the part 44 of small
channel cross sactional area in length.
5 with refarance to FIG. 11, the part 44 of small
cross sectional area preferably has a width bl, for
example, of up to 3.5 mm and a height hil, :or
example, of up to 3.5 mm. As shown in FIG. 12, the
part 43 of great cross sectional srea preferably has
iO a width b2, for example, of up to 20 mm and a height
h2, for examplse, of up to 10 mm.
Like the heat sink 1 of the firat embodiment,
the heat sink 40 is incorporated into a notebook
personal computer 200. An MPU Sl is attached to the
15 mount portion 27 on the underside of the sink with &
heat transfer sheet (not shown) interposed
therebetween. The heat produced by the MPU Sl is
transferred to the working liquid within the heat
receiving portion 29 of the heat pipe portion 41
20 <through the upper and lower aluminum sheets 2, 3.
The working liquid heated with the heat evaporates
in thé portion 29 into s gas, which flows into the
looplike part 42. Since the part 43 of great

channal cross sectional area is lower than the part



14 and liquefies again at a |location sufficiently away fromthe MPU nount
-portion 13, consequently releasing the heat at a portion sufficiently away
fromthe MPU S and having a relatively low 5 tenperature. This achi eves an
| oproved heat disposal efficiency. The annular parts 8 and the short
straight parts 9 have a smaller width than the radially arranged | ong
straight parts 7. The heat receiving portion 6 10 is therefore given
increased ability to retain -the workingzgiquid by this feature and al so by
the capillary effect of the joints 12 of the annular parts 8 and the short
straight parts 44 Af smagiuthanhdl dinis sedtional aveadiiwm gredsude heat 15
pi pe portion 5 has retained therein the working liquid at all tines and is

| ess suscepti bl 6.0se,athay ghg- slows hiarturame) palttG43 706 Ngreatinaddey heat sink
15 as a second
gection in a larger amocunt. The gas of working
liquid flowing into the looplike part 42 further
§ £flows in a direction away.from the heat raceiving
portion 29, releasing heat through the aluminum clad
plate 26 to liguefy. The working liquid thus
liquefied again circulates or flows reversely
- through the looplike part 42 and returns to the heat
10 receiving portion 29. The portion of working -
liquid originally remaining in the looplike part 42
also flows toward the heat recelving portion 29.
The phenomena and movement'dascribed are repeatad to
dispose of the heat generated by the MPU Sl.
15 FIG. 13 sh@ws another heat sink 45 as a sixth
embodiment of the invention. With raference to FIG.
13, the heat sink 45 of the sixth embodiment differs
from the heat gink 35 of the fourth embodiment
mainly in the following construction. The center
20 portion of the underside of the aluminum clad plate
26 serves as an MPU mount portion 46. The sink has
a heat pipe portion 47 including a heat receiving

portion 48 which comprises a plurality of, e.g.,

two, annular parts 49 formed concentrically, and a



enbodi ment of the invention. Wth reference to FIG 20 7, the heat sink 15
of -the second enbodi ment differs fromthe heat sink 1 of the first
enbodi ment in that the heat pipe portion 5 has a heat receiving portion 20
whi ch conprises a circular part 21, an annular part 22 spaced apart from
thé circular part 21 15 radially outward and concentric therewith, and a
plurality of short straight parts 23 for causing the circular part 21 to
communi cate with the annular part 22. Th2iw dth of the annular part 22 and
all 5 the short straight parts 23 is equal to the width of |ong straight
parts 7 radial | plaaddih@if sbaorthetaaightupanta 523 foa hhddimg ne shown,
the joints between the inner surface of the upper alum num sheet 2 and the
i nner adjacent annular parts 45 in communication with each
other. The heat pipe portion 47 has two looplike
parts 51 at each of opposite sides of the heat
5- racaiving portion 48, the lceplike parts 51 each
communicating at its cpposita ends with the portion
48, The looplike parts 51 provided are four in
total number.
All the annular parts 49 ¢f the heat receiving
10 portion 48 are each in width, as well as in height.
All the short straight parts 50 are also egual in
width, as well as in height. The width of the
annular parts 49 is equal to thes width of the shoxt
straight parts 50. The height of the annular parts
15 49 are equal to the height of the short straight
parts 50,
Each looplike part 51 of the heat pipe portion
47 is elongated longitudinally of the aluminum clad
plate 26, rectangular and uniform in channel cross
20 sectional area in its entirety. Furthermore, all
the looplike parts 51 are equal in channel cross
sectional area. The adjacent looplike parts 51

share a portion. The combination of all looplike

parts 51 has a rectangular contour.



10 surface of the |ower alum numsheet 3 for providing the annular part 22
and the short straight parts 23 nmay be edgeli ke or rounded. In the fornmer
case, it is desired that the edgelike joint have an angle of up to 60 deg
between the inner surface of the upper 15 al um num sheet 2 and the inner
surface of the |lower alum numsheet 3. In the latter case, the rounded
joints preferably have a radiumof curvature of up to 1 mm Like the heat
sirk 1 of the first enbodinment, 20 the hgat sink 15 is incorporated into a
not ebook personal conputer 200. An MPU S is attached to the nount portion

13 on the undersi de mifkd RfeShaktWaifk 2 eattid Fisser anbeimén®) Shown)
I nt erposed t herebetween. The heat produced by the MPU S is di sposed of
in the same mannghe afed® ditk 23Sea0intdfporatad into a notebook
personal caomputer 200. An MPU S is attached to the
mount portion 46 on the underside gf the sink with a
5 heat transfer sheet (not shown)_interposed
therebetween. The heat produced by the MPU S is
trangferred to the working liquid within the heat
receiving porticn 48 of the heat pipe portion 47
through the upper and lower aluminum sﬁaets. The
10 working liquid heated with the heat avaporates :in
the portion 48 into a gas, which flows into the
locplike parts 51 of the heat pipe portion 47 end
further flows in a diraction sway from the heat
receiving portion 48, releasing heat through the
15 aluminum clad plate 26 to liquefy. The working
liquid thus liquefied again circulates or'£IOWS'
reversaly'through the looplike parts 51 and returns
to the heat receiving portion 48. The portion of
working liquid originally remaining in the looplike
20 parts 51 also flows toward the heat receiving
portion 48. The phencmena and movement described
ara repeated to dispose of the heat genarated by the
MPU S.

FIG. 14 show another heat sink 55 as a seventh



heat sink of the first enbodinent. FIG 8 shows another heat sink 25 as a
t hitd enbodi nent of the invention. Wth reference to FIG 5 8, the heat
sink 25, which is fabricated in the same nmanner as the heat sink 1 of the
fi,rst enbodi nent, conprises an alum numclad plate 26 which is in the form
of 'a rectangle having a relatively small w dth. The underside of the plate
26 provides an MPU nount 10 portion 29 at the mdportion of its length
closer to one long side of the plate. Thg heat pi pe portion 28 of the sink
has at the region providing the nount portion 27 a heat receiving portion

29 which is |at g%m%(%'%‘%dwﬂ& %ﬁ?;ﬁf‘{y’pﬁtf&“ [ Cewjhé? Lranda BhUFagity of

straight parts Ing r romth eat recelving portion 29 and

varying |1 ! enoth, e ol Rk 60K el O T BRORIAITL 1N TEN
'n the form of %nanner as the heat sink 1 of the f£irst embodiment.
Tha.aluminum clad plats 56 of this sink has a
S rasctangular shape approximate t0 a square. The
canter portion of the underside of the plate
providas an MPU mount portion 57 at a location close
toc one long side of the plate. The heat pipe
portion S8 has a latticelike heat receiving portion
10 59 at the region providing the MPU mount portion 57,
The heat pipe portion 58 has a plurality of,
e.g., four, generaily trapezoidal locplike parts 61
each communicating at opposite ends thereof with the
heat receiving portion 58. The adjacent looplike
15 parts 61 share a part. The combination of all the
looplike parts 61 has a rectangular contour. Each
looplike ﬁart.ﬁl comprises a part 62 of great -
channel cross sectional area and a part 63 of small
channal cross sectional area. At opposite sides of
20 the heat receiving portion 59, the locplike part 61
is greater at one side than at thes other side in
channel cross sectional area. Tha part 62 of great

channel cross sectiocnal area is larger than tha part

63 of small channel cross sectional area in length.



short quadrangular prismis attached to the nount portion 27 on the
dnderside of the sink with a heat transfer sheet (not shown) interposed

t her ebet ween. The MPU S1 has approximately the same size as the 17 heat
receiving portion 29. The heat produced by the MPU S1 is disposed of in the
same manner as in the case of the heat sink 1 of the first enbodi nent. FIG
9 shows anot her heat sink 35 as a fourth 5 enbodi nrent of the invention.
Wth reference to FIG 9, the heat sink 23 of the fourth enbodi nment differs
fromthe heat sink 25 of the third enbodinent mainly in that the heat pipe
portion 37 of the sLihke3thedngmt sdnkall ofpthéecfivat @dbaddmenticati ng at 10

opposite ends thereof with the heat receiving - portion 29 in place of the
strai ght parts exbeRda®0sink 55 is incorporatad into a notabook

personal computer 200. An MPU S1 is attached to the
mount portion 57 on the underside of the sink with a

5 heat transfer sheet (not shown) interposed |
therebetween. The heat produced by the MPU S1 ia
transferred to the working liquid within the heat
receiving portion 59 of the haat pipe portion 58
through the upper and lower aluminum sheets. The

10 working liquid heated with the heat evaporates 4in
tha portion 59 into a gas, which flows into the
looplike parts 61, Since the parts 62.of great
channel ¢ross sactional area is lower than the parts
63 of small channel cross sectional area in pressure

15 loss; the gas flows into the parts 62 of great cross
gsection in a larger amount. The gas of working
liquid flowing into the locplike parts §1 further
flows in a direction away from the heat recaiving
portion 59, releasing heat through the aluminum clad

20 plate 56 to liquefy. The working liquid thus
liguefied again circulates or flows reversely
through the locplike parts 61 and returns to the

heat raceiving portion 59. The portion of working

liquid originally remaining in the looplike parta 61



radially fromthe portion 29. The | ooplike part 38 is el ongated

l'ongi tudi nally of the alum numclad plate 26 and is generally rectangul ar.
The | ooplike 15 part has a uni form channel cross sectional area in its
entirety. Like the heat sink 1 of the first enbodinent, the heat sink 35 is
iI'ncor porated into a notebook personal conputer 200. An MPU S1 is attached
to the 20 nount portion 27 on the underside of the sink with a heat
transfer sheet (not shown) interposed thgyebetween. The heat produced by
the MPU S1 is transferred to the working liquid within the heat receiving

portion 29 of tRaeghealowsPeowerd iths héat rebedughg tpertipe5%and | ower
al um num sheets. The working liquid heated with the heat evaporates in the
portion 29 intorfedphendhasd dnD \Wovehient! Be@scribed are repeated to
dispose of the heat generated by the MPU Sl.
FIG. 15 shows another heat sink 65 of the
5 invention as an eighth ambodiment. With reference
to FIG. 15, the heat sink 65 is fabricated in the
same manner as the heat sink 1 of tha first
embodiment. However, the sink comprisas an aluminum
clad plate 66 which is L-shaped and compzrises a long
10 rectangular portion 67, and a short reatangular
portién 68 integral with tha portion 67 at one end
of its one long side. The underside of the outez
end of the short rectangular portion 68 provides an
MPU mount portion 69.
15 A heat pipe portion 70 has a latticelike heat
receiving portion 71 at the rsegion providing the MFU
mount portion 69.
The heat pipe portion 70 has an L-shaped
looplike part 73 communicating at opposite ands
20 thereof with the heat receiving portion 71. The
looplike part 73 comprises a part 74 of graat
channel cross sectional area and a part 75 of small

channel cross sectional arsa. At opposite sides of

the heat receiving portion 71, tha looplike part 73



| ooplike part 38 and further flows in a direction 5 away fromthe heat
réceiving portion 29, releasing heat through the alum numclad plate 26 to
| i quefy. The working liquid thus |iquefied again circul ates of flows
reversely through the |ooplike part 38 and returns to the heat receiving
portion 29. The 10 portion of working liquid originally remaining in the

| oopli ke part 38 also flows toward the heat receiving portion 29. The
phenonena and novenent described are repgated to di spose of the heat
generated by the MPU S1. 15 FIGS. 10 to 12 show anot her heat sink 40

as a fifth enbodigepiecatert bt bngesiddnchadll tax tiecoehae 4odélia 10, the heat
sink 40 of the fifth enbodi nent differs fromthe heat sink 35 of the fourth

embodi ment  mai nlghdrnhdlndrdsgesbétiomaPaazed | hetpaZ€ P4 bhegredk 40 has a
| oopli ke part 42 which conprises a part 43 of great channel cross sectional
~area and a part cithritelS BrblusCBaBELONST QitfesS 9% nddRly equal to the
part 75 of small channel cross sectional area in
5§ laength.

Like the heat sink 1 of the first embodiment,
the heat sink 85 is incorporated into a notebook
personal computer 200, An MPU S1 is attached to the
mount porticn 69 on the underside of the sink with a

10 heat transfer shaat (not shown) interposed
therebetween. The heat produced by the MPU Sl is
disposed of in the same manner as is the case with
the heat sink 40 of the £ifth embodiment described.

FIGS. 16 and 17 show another heat sink 80 as a

15 ninth ambodimant of the invention. With reference
to FIG. 16, the heat sink 80 of the ninth embodiment
differs from the haeat sink 40 of the fifth
embodiment mainly in that the aluminum clad plate 26
has one corner which provides an MPU mount portion

20 81 on the underside thereof. Another main
difference is that a heat pipe portion 82 has a
looplike part 83 communicating at opposiﬁe ends
thereof with the heat receiving portion 29 and

comprising a part 84 of great channsl cross



area. Thus, the looplike part 42 at opposite sides of the heat receiving
portion 29 is greater at one 19 side than at the other side in channel
cross sectional area. The part 43 of great channel cross sectional area is
| arger than the part 44 of small channel cross sectional area in length. 5
Wth reference to FIG 11, the part 44 of small cross sectional area
preferably has a wdth bl, for exanple, .of up to 3.5 nmand a hei ght hl,
for exanple, of up to 3.5 mm As shown i47 FIG 12, the part 43 of great
cross sectional area preferably has 10 a width b2, for_exanple, of up to
20 nm and a hei glectiznalopresatpd 8 RATHSS yhighnh® $MAkLl 4 TR sink 1 of
the first enbodinment, the heat sink 40 is incorporated into a notebook
area. At opposite sides of the heat receiving

portion 29, the looplike part 83 ia greater at one
gide than at the other side in channel cross
5 sectional area. For example, as seen in FIG. 18,

the part 84 of great area has a plurality of bonded
spots 86 recessed like dimples as shown in FIG. 17,
arranged at an interval longitudinally thereof and
formed by bonding the upper aluminum shset 2 to the

10 lower aluminum sheet 3 under prassure. The presence
of the bonded spots 86 gives improved pressure
resistance to the part 84 of great channel cross
sactional afea.

The length of the part 84 of great area is

15 approximately equal.to ﬁha length of the part 85 of
small area.

Like the heat sink 1 of the first embodiment,
the heat sink 80 i; incorporated into a notaebook
personal computer 200. An MPU Sl ig attached to the .

20 mount portion 81 on the underside of the aink with a
heat transfer shaaet (not shown) interpcsed
therebetween. Tha heat pioduced by the MPU S1 is
disposed of in the same manner as is the case with

the heat sink 40 of the fifth embodiment described.



personal conputer 200. An MPU Sl is attached to the 15 nount portion 27 on
t he" underside of the sink with a heat transfer sheet (not shown) interposed
t her ebet ween. The heat produced by the MPU S1 is transferred to the working
lLquid within the heat receiving portion 29 of the heat pipe portion 41 20
t hrough the upper and | ower alum num sheets 2, 3. The working |iquid heated
with the heat evaporates in the portion 29 into a gas, which flows into the
| oopli ke part 42. Since the part 43 of at channel cross sectional area
is lower than the part 20 44 of small™Channel cross sectional area in

e S o A 928 W LR e L nBesas GRS 6L 0T 11 2,
Further gtirs the gas of working liquid and also increases

the area of contact betwaen the gas and the aluminum
sheats 2, 3, consequently effacting efficient re-

5 liquefaction of the gas.

FIG. 18 shows another heat sink 90 3s a tenth

embodiment of the invention. With reference to FIG,
18, the heat sink S0 of tha tenth embodiment diffexrs
from the heat sink 80 oflthe ninth amhodiment mainly

10 in that an MPU mount portion 91 is provided at the
lengthwise midportion of the aluminum clad plate 26
closer to one long side therecof, and that the sink
comprises & heat pipe portion 92 which has two
opposite looplike parts 93 each communicating at

15 opposite ends ther;cf with the heat receiving
portion 29. The looplike parts 93 are each in the
form of a rectangle which is elongated
longitudinally of the clad plate 26. The two
looplike parts 93 share a portion. The combination

20 of the two looplike parts 93 has a rectangular
contour. Each looplike part 93 comprises a part 94
of great.channel cross sectional aréa, and a part 95
which is small in this area. At opposite gides of

the heat receiving portion 29, the looplikse part 93



5 flows in a direction away fromthe heat receiving portion 29, releasing
héat through the alum numclad plate 26 to |liquefy. The working liquid thus
| i quefied again circulates or flows reversely through the |ooplike part 42
apd returns to the heat 10 receiving portion 29. The portion of working
- Iiquid originally remaining in the |ooplike part 42 also flows toward the
heat receiving portion 29. The phenonena and novenent described are
repeated to di spose of the heat generatﬁggby the MPU S1. 15 FIG 13
shows anot her heat sink 45 as a sixth enbodi rent of the invention. Wth

~reference to Fl Ggldred@r Malony B¥adotRént&e SheidbryFdediaegedh differs from

" the heat sink 35 of " the fourth enbodinent mainly in the foll ow ng

construction. Thgygenter P YelctIBnal Sgéayndﬂ %% artthgﬁal ¥RRNuUmM cl ad

pl ate 26 serves as an MPU nount portion The si as a héat pipe

porti on 47 1 ncl ulfied dPnd Fask’ B00ROGHEED deaie ppatRLhEESL]
aqual to that of the part 95 of small area. The
5 part 94 of great area is formed with bondad spots 86
similar to those of the ninth embodiment and
arranged at an interval longitudinally thereof. The
presence of the bonded sports 86 also gives improved
pressure resistance to the part 94 of great area
10 also in this casa.

Like the heat sink 1 of the first embodiment,
the heat sink 90 is incorporated into a notabook
personal computer 200. An MPU S1 is attached to the
mount portion 91 on the underside of the sink with a

15 heat transfer sheet (not shown) interposed
therebetween. The heat produced by the MPU 51 is
digposed of in the same manner as Jg the case with
the heat sink 55 of the seventh ambcdiment
described. At this time, the presence of the bonded

20 spots B6 stirs the gas of working liquid and also
increases the area of contact between the gas and
the aluminum sheats, consequently effacting

efficient ra~liquefaction of the gas.

FIG. 19 shows another heat sink 100 as an



two, annular parts 49 formed concentrically, and a 21 plurality of short
sfraight parts 50 for holding the adjacent annular parts 49 in
comuni cation with each other. The heat pipe portion 47 has two | ooplike
parts 51 at each of opposite sides of the heat 5 receiving portion 48, the
| oopli ke parts 51 each communicating at its opposite ends with the portion
48. The | oopli ke parts 51 provided are four in total nunmber. Al the
annul ar parts 49 of the heat receiving 180portion 48 are each in width, as
well as in height. Al the short straight parts 50 are also equal in wdth,
as wall as in halgventhhembodinent dhechenrinvantiants ¥9ths equal to the
wi dth of the short straight parts 50. The hei ght of the annular parts
refersnce to FIG. 19, tha heat sink 100 of the
elaventh embodiment differs from the heat sink 90 of
the tenth embodiment mainly in that an MPFU mount
5 portion 101 is providaed at the center of undersida
of the aluminum clad plate 26, and that the sink
comprises a heat pipe portion 102 which has two
ractangular locplike parts 103 at each of right and
laft sides of the heat recaiving portion 26, i.e.,
10 four looplike parts 103 in totel, each ¢of the parts
103 communicating at copposite.ends therecf with the
heat receiving portion 29, The adjacent looplike
parts 103 share a portion. The combination of all
the looplike parts 103 has a rectangular contour.
15 Each leooplike part 103 comprises a part 104 of great
channel c¢ross sectional area, and a part 105 which
ig small in this area. At opposite sides of the
heat receiving portion 29, the looplika part 103 is
greater at one side than at the other side in
20 channel cross sectional arsa. Another main
difference is that the part 104 of great channel
cross sactional area of each looplike part 103 has

no bonded spots described.

Like the heat sink 1 of the first embodiment,



15 49 are equal to the height of the short straight parts 50, Each |ooplike
part 51 of the heat pipe portion 47 is elongated |longitudinally of the
al umi num cl ad plate 26, rectangular and uniformin channel cross 20
sectfional area in its entirety. Furthernore, all the |looplike parts 51 are
equal in channel cross sectional area. The adjacent |ooplike parts 51 share
a portion. The conbination of all |ooplike parts 51 has a rectangul ar
cont our. 22 Like the heat sink 1 of th®lfirst enbodi nent, the heat sink
45 is incorporated into a notebook personal conputer 200. An MPU S is
attached to the rhhenthaadr siok 4§ inmcazponated dinte ef nohebedkk with a 5 heat
transfer sheet (not shown) interpossed
personal computer 200. An MPFU S1 is attached to the
mount porticn 101 on the undersida of the aink with
a heat transfar sheet (not shown) intazrposed
5 <therebetween. The heat produced by the MPU Sl is
disposad of in the same manner as is the case with
the heat sink 55 of the seventh ambodiment
described.
FIG. 20 shows another heat sink 110 as a twelfth
10 embodiment of the invention. With reference to FIG.
20, the heat sink 110 of the twelfth ambodiment
differs from the heat sink 100 of the elevanth
embodiment mainly in that a heat pipe portion 112
has a heat receiving portion 48 similar to the heat
15 =zreceiving portion 48 of the sixth embodiment is and
provided at the center region of undaerside of the
aluminum elad plate 26 whers thae MPU mount portion
111 is present, and that the heat pipe portion 112
has four rectangular looplike parts 113 at each of
20 right and left sides of the heat receiving portion
48, each of the parts 113 communicating at opposite
ends thereof with the heat raceiving portion 43.

~The adjacent looplike parts 113 shars a portion.

The combination of sll the loopliks parts 113 has a



t herebet ween. The heat produced by the MPU S is transferred to the working
li'quid within the heat receiving portion 48 of the heat pipe portion 47

t hrough the upper and | ower al um num sheets. The 10 working liquid heated
w,th the heat avaporates in the portion 48 into a gas, which flows into the
| oopli ke parts 51 of the heat pipe portion 47 and further flows in a
direction away fromthe heat receiving portion 48, rel easing heat through
the 15 alumiumclad plate 26 to |iquefy.o,he working liquid thus |iquefied
again circulates or flows reversely through the |ooplike parts 51 and

s o ¢ ne REBLaRBEER AL | gk BRI s o ng |
P ol u o0, Bk Befly S A HE BB cRAEEE e U5 e,
another heat Sigécéiogglaagggf”ggh & part 115 which is small in
this area. At opposite sides of ths heat receiving
5 portion 48, the looplike part 113 is greater at one
side than at the other side in channel cross
sectional area.
Like the heat sink 1 of the first embodiment,
the heat sink is incorporated into a notabook
10 personal computer 200. An MPU 81 is attached to the
mount portion 111 on the underside of the sink with
8 heat transfer sheet (not shown) interpossd
tharebetwean. Tha hasat produced by the MPU S1 is
disposed of in the same manner as is the case with
15 the heat sink of the eleventh eﬁbodiment describad.
FIG. 21 shows another heat sink 120 as a
thirteenth embodiment of the invention. With
reference to FIG. 21, the heat sink 120 of this
embodimant differs from the heat sink 110 of the
20 twelfth embodiméht mainly in that a heat receiving
portion 126 provided at the region of a heat pipe
portion 121 whare the MPU mount portion 11l is
present comprisas a circular part 122, large and

small two annular parts 123 arranged radially



23 enbodi nent of the invention. Wth reference to FIG 14, the heat sink 55
is Tabricated in the same manner as the heat sink 1 of the first

enbodi ment. The alum numclad plate 56 of this sink has a 5 rectangul ar
shape approximate to a square. The center portion of the underside of the
pl ate provides an MPU nount portion 57 at a location close to one long side
of the plate. The heat pipe portion 58 has a latticelike heat receiving
portion 10 59 at the region providing thgaMPU nount portion 57. The heat

pi pe portion 58 has a plurality of, e.g., four, generally trapezoi dal

| oopli ke parts Gunsnidlyorehereott and céncmpnsidallendherbwitivfagd th the heat

recei ving portion 59. The adjacent |ooplike 15 parts 61 share a part. The
conbi nation of aggadd® apart, and a plurality of short straight
parts 124 for holding the circular part, 122,
annular part 123 and annular part 123 in
5 communication with one another. Another main

difference is that the heat pipe portion 121 has a
plurality of looplike parts 125 generally triangular
and communicating at copposite ends with the heat
raceiving portion 126. The adjacent looplike parts

10 1235 share a portion. The combination of all the
looplika parts 125 has a rectangular contour. Each
looplike part 125 comprises a part 127 of great
c¢hanneal cross sectional arsa, and a part 128 which
is small in this area. At opposite sides of the

15 heat receiving portion 126, the looplike part 125 is
greater at one side than at the other side in
channel cross sectional area. With the present
embodiment, ona lcocoplike part 125 may have & portion
of increased channel cross sectional area, with

20 another looplike part 125 adjacent thereto given a
portion of rgduced channel cross sectional area, and
vice versa.

Like the heat sink 1 of the first embodiment,

the heat aink is incozporated into a notabook



| oopli ke parts 61 has a rectangul ar contour. Each |ooplike part 61
cOnprises a part 62 of great channel cross sectional area and a part 63 of
smal | channel cross sectional area. At opposite sides of 20 the heat
receiving portion 59, the looplike part 61 is greater at one side than at
the other side in channel cross sectional area. The part 62 of great
channel cross sectional area is larger than the part 63 of small channel
cross sectional area in |ength. 24 Li B4 the heat sink 1 of the first
enbodi nent, the heat sink 55 is incorporated into a notebook personal
~conputer 200. /Apenganad] qoypatezcRE. t oAn HEPUdinlsp ettrghed 7tanthee
underside of the sink with a 5 heat transfer sheet (not shown) interposed
t her ebet ween. Timoursatpqutddanc dd lbpnt hhe Mdaxaides of the sink with
a heat transzfer sheet (not shown) interposed
thergbetween. The heat produced by the MPU Sl is
5 disposed of in the same manner as is the case with
the heat sink 110 of the elaventh ambodiment
described.
FIG, 22 shows another heat sink 130 as a
fourteenth embediment of the invention. With
10 reference to FIG. 22, the heat sink 130 is .
fabricated in the same manner as the heat sink 1 of
the first embodiment, while the aluminum clad plate
131 thereof is generally square and has on the
underside a center portioﬁ serving as an MPU mount
15 portion 132, The heat pipe portion 134 comprises a
plurality of atraight parts 135 arranged in
parallel, two long straight parts 136 for holding
all the straight parts 135 in communication with one
another at the respective cpposite ends of the
20 parallel arrangement, and a plurality of short
straight parts 137 for holding each adjecent pair of
straight parts 135 in communication with each other

at lgngthwise intermediate portions thereof., All

the short straight parts 137 are in a staggered



transferred to the working liquid within the heat receiving portion 59 of
t he” heat pipe portion 58 through the upper and | ower al um num sheets. The
10 working liquid heated with the heat evaporates in the portion 59 into a
gas, which flows into the looplike parts 61. Since the parts 62 of great
channel cross sectional area is lower than the parts 63 of small channel
cross sectional area in pressure 15 loss, the gas flows into the parts 62
of great cross section in a |larger amobunB88 The gas of working liquid
flowing into the |ooplike parts 61 further flows in a direction away from
the heat recei viagrgngedant.59 Accordiaghy, hthe héato pipet porstani &34n cl ad 20
plate 56 to liquefy. The working liquid thus |iquefied again circul ates or
flows reversely has @ dlatticdldke hieatpretsiving pbrrtdonr 488t o t he heat
receiving portion 59. The portion of working liquid originally remnaining
in the | ooplike pogitidriad at the region of the MPU mount portion
132,
5 Like the heat sink 1 of the first embodiment,
the heat sink 130 is incorporated into a notebook
personal computer 200. An MPU Sl is attached to the
mount portion 132 on the underside of the sink with
2 heat transfer sheet (not shown) interposed
10 therehetween. The heat produced by the MPU Sl.is
trangferrad to the working liquid within the heat
receiving portion 138 of the heat pipe portion 134
through the upper and lower aluminum sheets. The
_working liquid heated with the heat evaporates in
15 the portion 138 into a gas, which flows through the
straight parts 135, short straight parts 137 and
long straight parts 136 in s direction away from the
heat receiving portion 138, releasing heat through
the aluminum clad plate 131 to ligquefy. The working
20 1liquid thus liquefied again returns to the heat
receiving portion 138 through the long straight
parts 136, straight parts 135 and short straight
parts 137. The portion of working liguid originally

remaining in the heat pipe portion.134 other than



25 also flows toward the heat receiving portion 59. The phenonena and
novenent described are repeated to di spose of the heat generated by the MPU
S1. FIG 15 shows another heat sink 65 of the 5 invention as an eighth
embodi ment. Wth reference to FIG 15, the heat sink 65 is fabricated in
the sane manner as the heat sink 1 of the first enbodi nent. However, the
“sink conprises an alum numclad plate 66 which is L-shaped and conprises a
| ong 10 rectangul ar portion 67, and a sh@st rectangul ar portion 68 integral
- with the portion 67 at one end of its one |long side. The underside of the
outer end of thetbéchsat asciying ppotionnl3B lary iflewsattoNROAnbhat portion
. 69. 15 A heat pipe portion 70 has a latticelike heat receiving
- portion 71 at theestegrereiving porgivheld3PUria the long straight
parts 136, straight parts 135 and short straight
parts 137. The phenomena and movement described are
5 repeated to dispose of the heat generated by the MPU
s1l.
According to the second to fourteenth
embodiments, the heat pipe portion with working
liquid enclosed in its hollow portion is producad in
10 ths same manner as described with referance to.the
firast embodiment. More specifically stated, the
working liguid anclosing heat pipe portion is
prepared by forming a channel in the aluminum clad
plate in communication with the hollow portion and
15 extending to an outer edge of the plate to provide
an opening at the edge, injscting the liquid through
the opening, and thereafter collapsing the upper
aluminum sheet of the channael portion flat and
bonding the sheet to the lower aluminum sheet under
20 pressure.
With all the embodiments described, the heat
sink is entirely made Qf an aluminum clad plate

composed of two aluminum sheats and having a

nonkonded portion in a required péttarn. Tha



mount portion 69. The heat pipe portion 70 has an L-shaped Ioopliké part 73
conmuni cating at opposite ends 20 thereof with the heat receiving portion
71. The looplike part 73 conprises a part 74 of great channel cross
sectional area and a part 75 of small channel cross sectional area. At
opposite sides of the heat receiving portion 71, the | ooplike part 73 26
.1s greater at one side than at the other side in channel cross sectional
area. The part 74 of great channel crossagectional area is nearly equal to
the part 75 of small channel cross sectional area in 5 length. Like the
heat sink 1 of thenbindsd qdrtdioneprovides hediast Pgdp@b poxtionorporated into
a not ebook
formed by outwardly inflating the upper aluminum
sheet of the nonbonded portion to make a hollow
portion and enclosing a working liquid in the hollow
§ portion. The clad plate has a flat undarside
providing an MPFU mount portion. However, the heat
sink need not always have such a construction. The
lower aluminum sheet in the nonbonded portion may be
outwardly inflated to form a hollow portion to
10 provide a heat pipe portion by enclosing the working
liguid in the hollow peortion, and an MPU mount
portion may be formad on the underside of the clad
plate. At the nonbonded portion, both the upper and
lower aluminum sheets may be cutwardly inflated to
15 form a hollow portion to provide a heat pipe portion
by encloaing the working liguid in this hollow
portion, and an MPU mount portion may be formed on

the underaside of the clad plate.
EXAMPLES
20 Example 1
A heat sink 1 was prepared according to the

first embodiment and used.

An aluminum clad plate 10 was prepared from an

uppar aluminum sheet 2 mada of JIS Al230 and a



personal conputer 200. An MPU Sl is attached to the nount portion 69 on the
underside of the sink with a 10 heat transfer sheet (not shown) interposed
t her ebet ween. The heat produced by the MPU S1 is disposed of in the sane
manner as is the case with the heat sink 40 of the fifth enbodi ment

. described. FIGS. 16 and 17 show anot her heat sink 80 as a 15 ninth

enbodi nent of the invention. Wth reference to FIG 16, the heat sink 80 of
the ninth enbodi ment differs fromthe heéh sink 40 of the fifth enbodi nent
mainly in that the alum numclad plate 26 has one corner which provides an

MPU nmount porti O&@@ix@hﬁﬂoé@ %ggggs{,ge#gexms tdgg%t Hewex®i N difference

is that a heat prpe pori oopl'rke part" comuni cating at
0pposite ends el ol 'hddie 53" ehE°SbY] BoREIHd Yook SREPTISI N0 2
clad plats 10 was 320 mm in length, 250 mm in width
and 0.8 to 0.9 mm in thickness and formed with a
§ hollow portion 4 in the pattern shown in FIG. 1 with
a capacity of 7 c¢c. A working liquid comprising
HFCl34a was enclosed in the hollow portion 4 in an
amount of 50 to 75% of the capacity of the hollow
portion 4 to obtain a heat pipe portion 5. The heat
10 receiving portion 6 measured 50 mm in the outside
diameter of the outermost annular part 8, 3 mm in
the radial width of each annular part 8 and also in
the width of the short straight parts 9, and 3 mm in
the radial interval between the adjacent annular
15 parts 8. Each long straight part 7 was 7 mm in
width. The annular parts 8, short straight parts 9
and long straigﬁt parts 7 were 1 mm in height.
Heat was given to the MPU mount portion 13 of
the heat sink 1 from the underside, and the maximum
20 temperature difference between this portion and the
portion corresponding to the outer end of the long
straight part 7 was measured. Consequently, the
‘temperature difference was about 6 deg C regardlesé

of the angle of inclination of the heat sink.



27 sectional area and a part 85 which is small in this area. At opposite
si des of the heat receiving portion 29, the |looplike part 83 is greater at
one side than at the other side in channel cross 5 sectional area. For
exanple, as seen in FIG 16, the part 84 of great area has a plurality of
bonded spots 86 recessed |like dinples as shown in FIG 17, arranged at an
interval longitudinally thereof and fornmed by bondi ng the upper al um num
sheet 2 to the 10 |ower alum num sheet ggunder pressure. The presence of
t he bonded spots 86 gives inproved pressure resistance to the part 84 of

great channel cr@gmplectk onal area. The length of the part 84 of great area
s 15 approxinararyg§mnﬂ to the length of the part 85 of small area. Like

the heay sink 1 of fheehit! 3LnR™PeNdE Yrepared according to the
second embodiment and used.
An aluminum clad plate 10 was prepared from an
5 upper aluminum sheat made of JIS Al230 and a
continucus cast sheet of JIS A3003 as a lcwer.
aluminum sheet by the roll bonding process. The
clad plata 10 was 320 mm in length, 250 mm in width
and 0.8 to 0.9 mm in thickness and formed with a
10 hollow portion 4 in the pattern shown in FIG. 7 with
a capacity of 7 cc. .A working liquid comprising
HFCl34a was enclosed in the hollow portion 4 in an
amount of 50 to 75% of the capacity of the hollow
portion 4 to cobtain a heat pipe portion 5. The heat
15 receiving portion 20 m;asured 36 mm in the diamefer
of the circular part 21, 50 mm in the outside |
diameter of the annular part 22, and 7 mm in the
radial width of the annular part 22 and also in the
width of the short straight'parts 23. Each long
20 straight part 7 was 7 mm in width. The circular
part 21, annular part 22, short straight parts 23
and long straight parts 7 were 1 mm in height.
Heat was given to the MPU mount portion 13 of

the heat sink 15 from the underside, and the maximum



the heat sink 80 is incorporated into a notebook personal conmputer 200. An
MPU S1 is attached to the 20 nount portion 81 on the underside of the sink
with a heat transfer sheet (not shown) interposed therebetween. The heat
produced by the MPU S1 is disposed of in the same manner as is the case
with the heat sink 40 of the fifth enbodi ment descri bed. 28 At this
time, the presence of the bonded spots 86 stirs the gas of working liquid
and al so increases the area of contact bggween the gas and the al umi num
sheets 2, 3, consequently effecting efficient re- 5 |I|iquefaction of the

gas. FIG 18 shougngesititre f@.@fﬁhﬁ&ﬂ&eﬁe&zt%&l RIFAGnTBAR ehe! he
invention. Wth reference to FIG 18, the heat sink 90 of the tenth
embodi nent di f f epgrtion corrasponding to thae outer end of the long
straight part 7 was measured. Consequently, the
temperature differance was about 8 deg C regardlass
5 of the angle of inclination of the heat sink 15.
Example 3
A heat sink 85 was prepared according to the
eighth embadiment and usad.
An aluminum c¢lad plate.sa was prepared from an
10 upper aluminum sheet made of JIS Al230C and a
continucus cast sheet of JIS A3003 as a lower
aluminum sheet by the roll bonding proceas. The
clad plate was 320 mm in length, 250 mm in width and
0.8 to 0.9 mm in thickness and formed with a hollow
15 portion in the pattern shown in FIG. 15 with a
capacity of 7 cc. A working liguid comprising
HFCl134a was enclosed in the hollow portion in an
amount of 50 to 75% of the capaéity of the hollow
portion to obtain a heat pipe portion 70. The part
20 75 of small channel cross sectional area in the heat
pipe portion 70 was 3.5 mm in width and 3 mm in
height, and the part 74 of great area in the same

portion was 7 mm in width and 3 mm in height.

Heat was given to the MPU mount portion &5 of



fromthe heat sink 80 of the ninth enbodinent mainly 10 in that an MPU
mount portion 91 is provided at the |engthw se midportion of the alum num
clad plate 26 closer to one long side thereof, and that the sink conprises
-a :heat pipe portion 92 which has two opposite |ooplike parts 93 each
comuni cating at 15 opposite ends thereof with the heat receiving portion
29. The looplike parts 93 are each in the formof a rectangle which is

el ongated longitudinally of the clad plagg 26. The two | ooplike parts 93
share a portion. The conbination 20 of the two |ooplike parts 93 has a

rectangul ar cont gng - héR¢ Nad rlO 85 @oﬁafhc%diﬁ.[déﬁinﬂ Ravat gnﬂﬂ:iﬂfmgr eat
channel cross sectional area, and a part 95 which is small in this area. At

opposi te sides ofgffritie MIFetuitaPPetuddh Zhid Porracnl aka Rart 93
portion at the largest distance from the mount
portion 69 was measured. Consaquently, the

5§ tempaerature difference was about 5 deg C regardless

of the angls of inclination of the heat sink 65.



29,i.s greater at one side then at the other side in channel cross sectional
area. I n eacC | ength of the part 94 of great area is

pa ,
appr oxi ( at of the part 95 of small area. The 5 part 94 of
‘great ar lguﬁm umﬂ! bonded spots 86 simlar to those of the ninth
enbodi ment " and. t an interval longitudinally thereof. The presence

of the bonded sports 86 al so gives inproved pressure resistance to the part
94 of great area 10 also in this case. Lé4Re the heat sink 1 of the first
enbodi nent, the heat sink 90 is incorporated into a notebook personal
conput er 200. AnwhéY) £ dXaiaidddged to the nount portion 91 on the
underside of the sink with a 15 heat transfer sheet (not shown) interposed

therebetween. The hep! prad+cadnkysbheuddUrbla iportiatnesadestroniéhe sanme
manner as is the case with the heat sink 55 of the seventh enbodi nent

device for disposing of the heat generated by an

slectronic component of the davice, the heat sink

§ comprising in its entirety a metel clad plate
composed of two metal sheets and having a nonbonded
portion in a required pattern, the ncnbonded portion
providing a heat pipe portion formed by outwardly
inflating at least one of the two metal sheets of

10 the nonbonded portion to make a hollow portion.and
enciosing a working ligquid in the hollow portionm,
the maetal clad plate having on one surface thereof a
mount portion fcr the electronic component at a
reglion thereof where the heat pipe portion is partly

15 present, the hest pipe portion having a heat
receiving portion at the region thereof whers thé
mount portion is present.

2. A heat sink for use in a portabla electromnic

device as defined in claim 1 wherein the heat pipe

20 portion comprises a plurality of straight parts
arranged in parallel, two long straight parts for
halding all the parallal straight parts in
.communication with one another at the respective

opposite ends of the parallel arrangement, and a



descri-bee—At this time, the presence of the bonded 20 spots 86 stirs the
gas of working liquid and al so increases the area of contact between the

gas anjmm“m:"mm ets, consequently effecting efficient

re-liqué "w as. FIG 19 shows another heat sink 100 as an 30
el eventh erfbodi ntnts of* t he i nvention. Wth reference to FIG 19, the heat
sink 100 of the el eventh enbodi ment differs fromthe heat sink 90 of the

tenth enbodiment mainly in that an MPU nggnt 5 portion 101 is provided at
the center of underside of the alum numclad plate 26, and that the sink

conprises a heatpmm:pgi dopnbe? u’e'rat?ﬁes%sm st Aoadiiag easRr! i ke parts
103 at each of right and left sides of the heat receiving portion 26, i.e.,

adjacent pair of parallsl straight parts in
communication with each other at lengthwise
intarmediatg portions thersof, all the short

5 straight parts being in a staggered arrangement.

3. A heat sink for use in a portable electronic
device as defined in claim 1 wherein the heat
receiving portion of the heat pipe portion comprises
a plurality of concentric annular parts, and a

10 plurality of straight parts for causing the adjacent
annular parts to communicate with each other.

4. A heat sink for use in a portable electronic
device as defined in ¢laim 1 wherein the heat
receiving portion of the heat pipe portion comprises

18 a c¢ircular part, an annular part spaced apart from
the circular part radially outward thereof and
disposed concentrically therawith, and a plurality
of straight parts for holding the circular part in
communication with the annular part.

20 5. A heat sink for use in a portable electronic
device as defined in claim 1 wherein the heat
receiving portion of the heat pipe portion is
_iatticelike.

6. A heat sink for use in 2 portable electronic



10 four | ooptt

arts 103 in total, each of the parts 103 conmunicati ng at

opp05|te t hereo ith the heat receiving portion 29. The adj acent

| oopl i ke m are a portion. The conbination of all the |ooplike
-parts 103+ contour. 15 Each.looplike part 103 conprises a
part 104 of gréatnc cross sectional area, and a part 105 which is
small in this area. At opposite sides of the heat receiving portion 29,

| oopli ke part 103 is greater at one sidegghan at the other side in 20

t he

channel cross sectional area. Another main difference is that the part 104

of great channelgéyisé £ UdrANE 2hCE1&Im CAG/ErNAM ihe Rakt ngﬂsahas no
bonded spots described. Like the heat sink 1 of the first e

10

13

20

portion comprises a plurality of straight parts
extanding radially from the heat recaiving portion.

7. A heat sihk for use in a portable electronic
device as defined in ¢laim 1 wherein the heat pipe
portion comprises at leait ona looplike part having
obposite ends communicating with the heat receiving
portion,

8. A hea%t sink for use in a portable electronic
device as defined in claim 7 wherein the looplike
part is greater at one side of the heat raceiving
portion than at the other side thereof in channe).
crcés sectional area.

9. A heat sink for use in a portable electronic
device as defined in claim 7 wherein the heat pipe
portion comprises a plurality of looplike parts, and
the adjacent looplike parts share a portion.

10. A heat sink for use in a portable electronic
device as defined in claim 9 wherein the looplike
part is greater at one side of the region whers the
mount portion is prasent than at the other side

thereof in channel cross sectional area.

odi ment ,

31



the heat sink is incorporated into a notebook personal conputer 200. An MFU
S1%is attached to the nount portion 101 on the underside of the sink with a
heat transfer sheet (not shown) interposed 5 therebetween. The heat

- produced by the MPU S1 is disposed of in the sane manner as is the case

with the heat sink 55 of the seventh anb ¢li ment descri bed. F lS%ﬁﬁ??’ BE '

~another heat sink 110 as a twelfth 10 enpodi nent of the invgntion ;g?g
reference to FIG 20, the heassTRRET13P PfE thesdnsEurish enbodinrnt

fromthe heat sink 100 of the el eventh enbodinent nainly in that a heat

pi'pe portion 112 has (¥ﬁ$v he heat 15
recei ving portion 48 %%Kfﬁ%lﬁslfx bB ?ﬂsé ‘?\*di%r%/v at the center
regi on of underside t he g?ﬁn¥nun1clad plate U nount

a

portion 111 is pr eségg‘e atn8 O% }i8h &t HPRE tﬁgﬂ'Fi 851“3&? % four

rectangul ar lOO%LN%%eP%rtsdiggog'né%g: é&e heat generated by an

alectronic component of the device, the heat sink

5 comprising in its entirety 2 metal clad plate
composed of two metal sheets and having a nonbonded
portion in a required pattern, the nonbonded pertion
providing a heat pipe portion formed by ocutwardly
inflating at laast one of thas two metal sheets of

10 the nonbonded pertion to make a hollow portion - and
enclosing & working liquid in the hollow portion,

- the matal clad plate having on one surface thereof a
mount portion for thé electrbnic component at a
region therecf where the heat pipe portion is partly

15 present, the heat pipe portion having a heat -
receiving portion at the region thereof where the
mount portion is present. When a heat-genarating
elactronic component is attached to the mount
portion, the working liquid in the heat receiving

20 portion is heated with the heat produced by the
component to avaporate. The resulting gas flows
toward other portion, where the gas releases heat
through the clad plats and liquefies. The-working

liquid thus liguefied again returns to the heat

\
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20 right and left sides of the heat receiving portion 48, each of the
parts 113 communi cating at opposite ends thereof with the heat receiving
portion 48. The adjacent |ooplike parts 113 share a portion. The
conbination of all the |ooplike parts 113 has a 32 rectangul ar contour.

EBach | oopli ke part 113 conprises a part 114 of great channel cross:
sectional area, and a part 115 which is small in this area. At opposite

sides of the heat receiving 5 portion 486 the |ooplike part 113 is greater
at one side than at the other side in channel cross sectional area. Like
the heat sink lyghetl€ngipeitiormodiTtmniiquhd nemeiring &% incorporated into
a not ebook 10 personal conputer 200. An MPU S1 is attached to the

locationa cther than the heat receiving portion

flows into the heat recaiving porticn. Thisas

operation is repeated to dispose of the heat

5 produced by the component. THIS SHEET HAS BEEN \
ﬂrf‘; AUE‘J .
(Fig. 2) -
—
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mount portion 111 on the underside of the sink with a heat transfer sheet
¢not shown) interposed therebetween. The heat produced by the MPU Sl is

di sposed of in the sane manner as is the case with 15 the heat sink of the
el event h enbodi nent described. FIG 21 shows another heat sink 120 as a
thirteenth enbodi nent of the invention. Wth reference to FIG 21, the heat
sink 120 of this enbodinent differs.fromthe heat sink 110 of the 20

twel fth enbodiment mainly in that a heat receiving portion 126 provi ded at
the region of a heat pipe portion 121 where the MPU nount portion 111 is
present conprises a circular part 122, large and small two annul ar parts

123 arranged radially 33 outwardly thereof and corcentrically therewith
as
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spaced apart, and a plurality of short straight parts 124 for hol ding the
eircular part, 122, annular part 123 and annular part 123 in 5

conmmruni cation with one another. Another main difference is that the heat
pi pe portion 121 has a plurality of |ooplike parts 125 generally triangul ar
amd communi cating at opposite ends with2 he heat receiving portion 126. The
adj acent | ooplike parts 10 125 share a portion. The conbination of all
the looplike parts 125 has a rectangul ar contour. Each |ooplike part 125
conprises a part 127 of great channel cross sectional area, and a part 128
which is small in this area. At opposite sides of the 15 heat receiving
portion 126, the looplike part 125 is grealger at one side then at the other
side in channel cross sectional area. Wt e present enbodi nent, one

| oopl i ke part 125 may have a portion of /1 ncrgased channel cross sectional

area, with 20 another |ooplike part 5 adjéxent thereto given a




portion of reduced channel cross sectional area, and yvice versa. Like the
heat sink 1 of the first enbodinent, the heat sink is incorporated into a
not ebook 34 personal conputer 200. An MPU Sl1 is attached to the nount
portion 111 on the underside of the sink with a heat transfer sheet (not
Shown) i nterposed therebetween. The heat3produced by the MPU S1 is 5
di sposed of in the sanme manner as is the case with the heat sink 110 of the
el event h enbodi ment described. FIG 22 shows another heat sink 130 as a
fourteenth enbodi nent of the invention. Wth 10 reference to FIG 22, the
heat sink 130 is fabricated in the sane nmanner as the heat sink 1 of
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the first enmbodi ment, while the alum numclad plate 131 thereof is
general |y square and has on the underside a center portion serving as an
MPU nount 15 portion 132. The heat pipe portion 134 conprises a plurality
of straight parts 135 arranged in parallel, tw |long straight -parts 136 for
holding all the straight parts 135 in cogmuni cation with one another at the
respective opposite ends of the 20 parallel arrangenent, and a plurality of
short straight parts 137 for hol ding each adjacent pair of straight parts
135 in conmunication with each other at |engthw se internediate portions
thereof. Al the short straight parts 137 are in a staggered 35
arrangenent. Accordingly, the heat pipe portion 134 has a |atticelike heat
receiving portion 138

FIG.4




positioned at the region of the MPU nount portion 132. 5 Li ke the heat
sink 1 of the first enbodi nent, the heat sink 130 is incorporated into a
not ebook personal conputer 200. An MPU S1 is attached to the nount portion
132 on the underside of .the sink with a heat transfer sheet (not shown)
tnt'erposed 10 t herebet ween. The heat pragluced by the MPU S1 :is transferred
to the working liquid wthin the heat receiving portion 138 of the heat '
pi pe portion 134 through the upper and | ower al um num sheets. The worKki ng
liquid heated with the heat evaporates in 15 the portion 138 into a gas,
which flows through the straight parts 135, short straight parts 137 and

| ong straight parts 136 in a direction away fromthe heat receiving portion
138, rel easing heat through the alum numclad plate 131 to |iquefy. The
working 20 liquid thus liquefied again returng to the heat receiving
portion 138 through the | ong straight

3
3 S1 1 10




parts 136, straight parts 135 and short straight parts 137. The portion of
working liquid originally remaining in the heat pipe portion 134 other than
36 the heat receiving portion 138 also flows toward t.he heat receiving

~ portion 138 via the long straight parts 136, straight parts 135 and short
»-8traight parts 137. The phenonena and ngyement described are 5 repeated to
di spose of the heat generated by the MPU S1. According to the second to
fourteenth enbodi nents, the heat pipe portion with working |iquid encl osed
inits hollow portion is produced in 10 the sanme manner as described with
reference to the first enbodi ment: Mre specifically stated, the working

| i quid enclosing heat pipe portion is

o

—

FIG.7




prepared by formng a channel in the alum numclad plate in conmunication
sMmih the hollow portion and 15 extending to an outer edge of the plate to
provi de an opening at the edge, injecting the liquid through the opening,
.-and thereafter coll apsing the upper alum num sheet of the channel portion .
"M lat and bonding the sheet to the | ower 7al unm num sheet under 20 pressure.
~Wth all the enbodi nents described, the heat sink is entirely made of an
al um num cl ad pl ate conposed of two al um num sheets and havi ng a nonbonded
portion in a required pattern. The 37 nonbonded portion provides a heat

pi pe portion fornmed by outwardly inflating the upper .al um num sheet of the
nonbonded portion to nake a hol | ow




portion and enclosing a working liquid in the hollow 5 portion. The clad
plate has a flat underside providing an MPU nount portion. However, the
heat sink need not al ways have such a construction. The |ower alum num:
~ sheet in the nonbonded portion may be outwardly inflated to forma holl ow
“portion to 10 provide a heat pipe portign by enclosing the working Iiquid
~“in the hollow portion, and an MPU nount portion may be formed on the
undersi de of the clad plate. At the nonbonded portion, both the upper and
| ower al um num sheets may be outwardly inflated to 15 forma hollow portion
to provide a heat pipe portion by enclosing the working liquid in this
hol | ow portion, and an MPU nount portjon may be forned on the underside of
the clad plate. EXAMPLES 20 Exanpl e A heat sink 1 was prepared accordi ng
to the first enbodi nent and used.




An alum numcl ad plate 10 was prepared from an upper ‘al um num sheet 2 nade
of - JI S A1230 and a 38 continuous cast sheet of JI'S A3003 as a | ower
al um num sheet 3 by the roll bonding process. The clad plate 10 was 320 mm

“n length, 250 mMmin width and 0.8 to 0.9 nmin thickness and fornmed with a

% hollow portion 4 in the pattern shown gn FIG 1 with a capacity of 7 cc.
A working liquid conprising HFCl34a was encl osed in the hollow portion 4 in
an amount of 50 to 75% of the capacity of the hollow portion 4 to obtain a
heat pipe portion 5. The heat 10 receiving portion 6 neasured 50 nmin the
outside dianmeter of the outernost annular part 8 3 mmin the radial wdth
of each annular part 8 and also in the mi\th of the short straight parts 9,
and 3 nmin




the radial interval between the adjacent annular 15 parts 8. Each | ong
straight part 7 was 7 mmin width. The annular parts 8, short straight
parts 9 and long straight parts 7 were 1 mmin height. Heat was given to
the MPU nount portion 13 of the heat sink 1 fromthe undersides, and the
maxi mum 20 tenperature difference betwggn this portion and the portion
corresponding to the outer end of the long straight part 7 was neasured.
Consequently, the tenperature difference was about 6 deg C regardl ess of
the angle of inclination of the heat sink. 39 Exanple 2 A heat sink 15
was prepared according to the second enbodi rent and used. An al um num cl ad
plate 10 was prepared from an

FiG.11
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5 upper al um num sheet nade of JI'S A1230 and a continuous cast sheet of JIS

. A3003 as a lower alum num sheet by the roll bonding process. The clad plate

- 40 was 320 mmin length, 250 mMmin width and 0.8 to 0.9 mmin thickness and

. formed with a 10 hollow portion 4 in the pattern shown in FIG 7 with a
Eabacity of 7 cc. Aworking liquid conprigsi ng HFC134a was encl osed in the
hol | ow portion 4 in an anount of 50 to 75% of the capacity of the holl ow
portion 4 to obtain a heat pipe portion 5. The heat 15 receiving portion
20 measured 36 mmin the dianeter of the circular part 21, 50 nmin the
outside diameter of the annular part 22, and 7 nmin the radial w dth of
the annul ar part 22 and also in the width of the short straight parts 23.
‘Each long 20 straight part 7 was 7 nmin width. The circular part 21,
annul ar part 22, short straight parts A3 and |ong straight parts 7 were 1
mmin height. Heat was given to the nmount ¢portion 13 of

QN
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the heat sink 15 fromthe underside, and the maxi num 40 tenperature

di fference between this portion and the portion corresponding to the outer

and of the long straight part 7 was neasured. Consequently, the tenperature

-@Lfference was about 8 deg C regardless 5 of the angle of inclination of
 the heat sink 15. Exanple 3 A heat sinkq195 was prepared according to the

ei ght h enbodi nrent and used. An alum numclad plate 66 was prepared from an

10 upper al um num sheet nade of JI'S A1230 and a conti nuous cast sheet of

JI'S A3003 as a | ower al um num sheet by the roll bonding procses. The clad

plate was 320 mmin length, 250 nmin wdth and 0.8 to 0.9 mmin thickness

and formed wth a holl ow




15 portion in the pattern shown in FIG 15 with a capacity of 7 cc. A
working |iquid conprising HFCl34a was encl osed in the hollow portion in an
anount of 50 to 75% of the capacity of the hollow portion to obtain a heat

@i pe portion 70. The part 20 75 of snmall channel cross sectional area in

+ t'hé heat pipe portion 70 was 3.5 nmin wiagth and 3 mMmin height, and the
part 74 of great area in the sane portion was 7 mnmin width and 3 nmin
hei ght. Heat was given to the MPU nount portion 65 of 41 the heat sink
65 fromthe underside, and the nmaxi mum tenperature difference between this
portion and a portion at the largest distance fromthe nmount portion 69 was
nmeasured. Consequently, the 5 tenperature difference was about 5 deg C
regardl ess
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pra : )
of the angle of inclination of the heat sink 65. 42 What is clainmed is:
%. <A heat sink for use in a portable electronic device for disposing of the

~ heat generated by an el ectronic conponent of the device, the heat sink 5
gonprising in its entirety a netal clad plate conposed of two netal sheets

- and having a nonbonded portion in a requjged pattern, the nonbonded portion
providing a heat pipe portion formed by outwardly inflating at | east one of
the two netal sheets of 10 the nonbonded portion to make a hol | ow portion

~and enclosing a working liquid in the hollow portion, the nmetal clad plate
havi ng on one surface thereof a nmount portion for the el ectronic conponent

- at a region thereof where the heat pipe pgytion is partly




15 present, the heat pipe portion having a heat receiving portion at the
regi on thereof where the nount portion is present. 2. A heat sink for use
in a portable electronic device as defined in claim1 wherein the heat pipe
"0 portion conprises a plurality of straight parts arranged in parallel
two | ong straight parts for holding all qghe parallel straight parts in
communi cation with one another at the respective opposite ends of the
paral | el arrangenent, and a 43 plurality of short straight parts for
hol di ng each adjacent pair of parallel straight parts in comunication with
each other at |engthw se internediats portions thereof, all the short 5
straight parts being in a staggered arrangenent.
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3. A heat sink for use in a portable electronic device as defined in claim
d wherein the heat receiving portion of the heat pipe portion conprises a
plurality of concentric annular parts, and a 10 plurality of straight parts
for causing the adjacent annular parts to communi cate with each other. 4. A
heat sink for use in a portable el ectronigc device as defined in claim1
wherein the heat receiving portion of the heat pipe portion conprises 15 a
circular part, an annul ar part spaced apart fromthe circular part radially
outward thereof and di sposed concentrically therewith, and a plurality of
straight parts for holding the circular part in communication with the

annul ar part. 20 5. A heat sink for gse in a portable electronic
device as defined in claim1l wherein the Yat receiving portion of the heat
pi pe portion is latticelike. 6. A hes A for (e in a portable

el ectronic : AN




44 device as deifned in claim1l wherein the heat pipe portion conprises a
plurality of straight parts extending radially fromthe heat receiving
portion. 7. A heat sink for use in a portable electronic 5 device as
defined in claim1 wherein the heat pipe portion conprises at |east one
I“o0pl i ke part having opposite ends commy¥ cating with, the heat receiving
portion. 8. A heat sink for use in a portable electronic 10 device as
defined in claim7 wherein the | ooplike part is greater at one side of the
heat receiving portion than at the other side thereof in channel cross
sectional area. 9. A heat sink for use in a portable electronic 15 device
as defined in claim7 wherein the heajqpi pe ga




portion conprises a plurality of |ooplike parts, and the adjacent |ooplike
parts share a portion. 10. A heat sink for use in a portable electronic
device as defined in claim9 wherein the |looplike 20 part is greater at one
Xy gle of the region where the nount portion is present than at the other
Side thereof in channel cross sectional 18rea.
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. 45 Substitute sheet - 11 November 1997

ABSTRACT OF THE DISCLOSURE

HEAT SINK FOR PORTABLE ELECTRONIb DEVICES
A heat sink for use in a portable electronic

device for disposing of the heat generated by an
electronic component of the device, the heat sink

5 comprising in its entirety a metal clad plate
composed of two metal sheets and having a nonbonded
portion in a required pattern, the nonbonded portion
providing a2 heat pipe portion formed by outwardly
inflating at least one of the two metal sheets of

10 the nonbonded portion to make a hollow portion and
enclosing a working liquid in the hollow portion,
the metal clad plate having on one surface thereof a
mount portion for the electronic component at a
region thereof where the heat pipe portion is partly

15 present, the heat pipe portion having a heat
receiving portion at the region thereof where the

mount portion is present.

(FIG. 2)
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