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HHAT SINR FOR PORTABLE !LBCTRONIC DEVICES 

BACKGROUND OF THE INVENTION 

The present invention relates to heat sinks tor 

e use in portable electronic devices for disposing of 

the heat generated ~y an electrcnic component of the 

device. 

The term 11 aluminum 11 as used herein includes pure 

alwninum and aluminum alloys. 

10 With portable electronic devices including, for 

example, notebock personal computers, laptop person-

al computers end ether portable computing devices, 

it is necessary to remove the heat generated by 

electronic components such as microprocessor un~t 

15 (MPU). 

For example, notebook personal computers ge~er-

ally comprise a thin housing having a keyboard, and 

a display device whioh 1s free to open er close 

relative to the housing. Arranged in the housing 

20 are an MPU and an aluminum or like metal plate 

disposed below the keyboard and serving as an elec-

tromagnetic shield. 

u.s. Patent No. 5,513,070 discloses the tollow-
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ing st?!'Uctura for removing heat from the HPU for use 

in such notebook computars. A circuit board 

provided with an MPU on its underside is formed with 

heat channels extending from the undarsida to its 

5 upper side. ~h• MPU ia tharmaily connected by the 

heat channels to an aluminum block mounted on the 

upper side of the circuit board. A tubular heat 

pipe has one and attached to the aluminum block and 

tha ether end connected to a metal plate disposed 

10 below the keyboard and serving as an electromagnetic 

shield. The heat generated by the MPU is 

transferred tnrough the heat ch~nnela to the 

aluminum block and further through the heat pipe to 

tha metal plate, and released from· this plate. 

15 It is strongly desired thet notebook computers 

and like porta~le electronic devices be compacted 

and.have reduced weight since they are intended 

chieily for portability. However, the heat sink 

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 ba made more compact and less heavy 

in its entirety. The heat generated by the MPU is 

transferred to ~he working liquid by way of the heat 
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channel•, aluminum ~lock and tubular wall cf the 

heat pipe, so that the d~sclosed atructura has 

another problem of failing to effect efficient heat 

transfer from the MPU to the working liquid ana 

S being low in heat disposai effect. 

SUMMARY OF THE INVENTION 

An object of tha present invention is tc provide 

a heat sink which is free of the foregoing problems 

for use in portable electronic devices. 

10 Other o~jects of the invention will be readi1y 

understood as the description proceeds. 

The present 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 portion 

formed by outwardly in~lating 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 electronic 

component at a region thereof where the heat pipe 
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portion i• partly present, the heat pipe portion 

having a heat receiving portion at the region 

thereof where the mount portion is present. 

When the heat sink is incorporated into a 

5 portable electronic device such as notebook personal 

computer, with a 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 evaporates. The resulting gas flows toward other 

portion, where the gas releases heat thrcugh the 

clad plate and liquefies. ~he working liquid thus 

li;uefied again returns to the heat receiving 

pcrtion. Th• liquid remainin; at locations other 

lS than the heat receiving portion flows into the heat 

receiving portion. This operation is repeated to 

dispose of the heat generated by the component. 

Since the heat generated by the electronic component 

is transferred to the working liquid in the heat 

20 receiving portion of the heat pipe portion only 

through the metal sheets of the clad plate, the heat 

sink eff acts ef fic1ent heat transfer from the 

component to the working liquid to produce an 

improved heat disposal effect. 



When the haat sink is incorporated into the 

portable electronic de~ice, the metel clad plate 

functions as an electromagnetic shield, consequently 

eliminating the need to provide another metal plate. 

S Moreover, there is no need to use an aluminum block 

since the electronic component can be attached 

directly to tha mount portion. Accordingly, the 

notebook computer having the conventional heat sin~ 

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. 

15 BRIEF DESCRIPTION OF TH! DRAWINGS 

FIG. 1 is a side elevation in section partly 

broken away and schematically showing a notebook 

personal computer wherein a fi~st embodim•nt of heat 

sink of the invention is incorporated: 

20 FIG. 2 is a perspective view showing the heat 

sink: 

FIG. 3 is a side elevation of the heat sinl<; 

FIG. 4 is a fragmentary plan view of the heat 

sink~ 
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FIG. 5 is an enlarged view in section talc•n 

along the lin• A-A in FIG. 4; 

FIG. 6 is an enlarged view in section taken 

along the line B-B in FIG. 4; 

5 FIG. 7 is a fragmentary plan view showing 

another heat sil'\k of the invention as a second 

embodiment; 

FIG. S is a perspective view showing another 

heat sink of tha invention as a third embodiment; 

10 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 fifth embodiment; 

F!G. 11 is an enlarged view in section taken 

15 along the line c-c in FIG. 10~ 

FIG. 12 is an enlarged view in section tak~ 

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; 

20 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 1nvention as a eighth embodimentJ 

FIG. 16 is a perspective view showing another 
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heat sink c~ the invention as a ninth ·•mbodimant; 

FIG. 17 is an enlarged view in section taken 

along the line E-E in FIG. 16; 

FIG. 18 is a perspective view showing another 

5 heat sink cf the invention as a tenth 8J'lll:>odiment; 

FIG. 19 is a perspeotive 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 FIG. 21 is a perspective view showing another 

heat sink of the invention as a thirteenth 

embodiment; and 

FIG. 22 is a perspective view showing another 

heat sink of the invention as a fourteenth embodiment. 

lS DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Throughout the drawings, like parts are 

designated by like reiarance numerals and will not 

be described repeatedly. 

FIGS. l to 6 ahow a first embodiment of heat 

20 sink according to the invention. 

FIG. l showa a notebook personal computer 200 

equipped with a heat sink 1 es the first eml:lodimant. 

With reference to FIG. l, the computer 200 comprises 

a thin housing 400 having a key~oard 300, and a 
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display device 500 which is free to open and oloaa 

relative to tha housing 400. The heat sink l 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 sheet 14 cf 

rubber, synthetic resin or the like interposed 

therebetween. 

FIGS. 2 to 6 show the first embodiment, i.e. 

heat sink l. With reference to these drawings, the 

10 heat sink l comprises in its entirety an aluminum 

clad plate io·compoaad of upper and lower two 

a1um1num sheets 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 P7C, 

HFC134a, CFC113, HCFC123 or the like. The working 

20 liquid is enclosed in an amount of about 5 to 75t, 

preferably about 40 to about 50%, o~ the capacity of 

the hollow portion 4. The working liquid is 

eno1osed by forming a channel in the aluminum clad 

plate 10 in oommunicaticn with the hollow portion 4 
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and extending to an outer edge of the plate 10 to 

provide an opening at the edge, injecting the liquid 

through the opening, and thereafter collapsing the 

upper aluminum sheet 2 of the channel portion flat 

5 and bonding the sheet 2 to the 1owar aluminum sheet 

3 under pressure. 

The upper aluminum sheet 2 is made, for axampie, 

from JIS Al230, and the lower aluminum sheet 3 is 

prepared, for example, from a continuous cast sheet 

lO of JIS A3003. The aluminum clad plate 10 is 

prepared, for example, by the so-called roll bending 

process because this process has the advantage of 

giving complex circuits of hollow portions, 

producing plates free of leakage, being highly 

15 amenable to mess production and having greater 

freedom with respect to the size and configuration 

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 

20 be joined, the sheets 2, 3 are then bonded in this 

state under pressure to obtain a clad plate having a 

nonbonded portion, and a pressurized fluid is 

introduced into the nonbondad portion of the clad 

plate to form a hollow portion 4 at a time. Tha 
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parting agent to be used 1•, for example, an ink 

consisting mainly of colloidal graphite up to l 

micrometer in particle size. However, the process 

for producing the aluminum clad plate 10 is not 

5 limited to roll bonding. 

The aluminUII\ clad plete 10 is in the form of a 

rectangle having a relatively large width. The 

approximate center portion of the underside of the 

plate 10 serves as a portion for mounting an MPU. 

10 The heat pipe portion 5 has a heat receiving portion 

6 present at the MPU mount portion 13 and comprising 

a plurality of annular parts 8 in a·conoantric 

arrangement, ana a plurality of short straight perts 

9 for holding the adjacent annular parts 8 in 

15 communication with one another. All the annular 

parts 9 are equal to one another in width and 

height. All the short straight parts 9 are also 

equal to one another in width and height. The width 

of the annular parts 8 1s equal to the width ot the 

20 short straight parts 9, and is within the range of 

0.5 to 20 mm. The height of the annular parts 8 is 

equal to the height of th• short straight perts 9, 

and .is within the range of 0.1 to 10 mm. 

Th• heat pipe portion S has a plurality of long 
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straight parts 7 axtanding radially from the heat 

receiving portion 6. The long straight parts 7 are 

greater than the annular parts B and the short 

straight parts in width. 

5 As shown in FIG. S, th• long straight parts 7 

arranged radially have joints 11 between the inner 

surf ace of the upper aluminum sheet 2 end the inner 

surface of the lower aluminum sheet 3, and the 

joints 11 are edgelike. It is desired that the 

l 0 joint 11 have an angle « of up to 60 deg be tween the 

inner surf ace of the upper aluminum sheet 2 and the 

inner surface of the lower aluminum sheet 3. In 

this case, the working liquid as liquefied again 

readily returns to the heat receiving portion 6 of 

l5 the heat pipe portion 5 owing to a capillary effect 

cf the joints ll. 

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 joints 12 are 

edgelike. It is desired that the jcint 12 have an 

angle A of up to 60 deg between the inner surf ace of 

the upper aluminum.sheet 2 and the inner surface of 

the lower aluminum sheet 3. !n this case, the 



12 

working liquid becomes readily retainabl• by th• 

heat receiving portion 6 owing to an increased 

capacity to retain the liquid due to a capillary 

affect of tbs joints 12. Although not shewn, the 

5 annular part B has exactly tha same cress sectional 

shape as the short straight part 9. 

The joints ll of the long straight part 7, and 

the joints 12 of the short straight part 9 and the 

annular part 8 may be rounded instead cf being 

10 edgelike. In this case, it is desired that the 

joints ll, 12 hava a radius of curvature of up to 1 

mm. 

With reference to FIGS. 1 to 3, the MPt1 S, 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 

~oregoing construct~on for use as the haat sink 1, 

with a heat transfer sheet 14 of rubber, synthetic 

resin or the like interposed between the MPU S and 

20 the mount portion 13,· The MPU Sis nearly as large 

as the mount portion 13. The heat generated by the 

MPU S is transmitted to the working liquid within 

the heat receiving portion 6 of the heat pipe 

portion 5 throu;h the upper and lower aluminum. 



13 

sheets 2, 3. ~he working liquid heated with the 

heat evaporates in the portion 6 into a gas, which 

flows through all the long straight parts 7 toward 

their cuter ends. The gas releases heat at thesa 

5 parts through the aluminum clad plate 10 and 

liquefies. The working liquid thus liquefied again 

returns to the haat receiving portion 6 by virtue of 

the capillary effect of the joints 11 in the cross 

section of the long straight parts 7. The portion 

10 of working liquid originally remaining in the long 

straight parts 7 also flows toward the·haat 

receiving portion 6 owing to the capillary affect of 

the joints 11 in the cross section of the long 

straight parts 7. The phenomena and movement 

15 described 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 6 solely through the aluminum sheets 2,3 

20 providing the portion 6, so that the heat can be 

transfarrad to the working liquid with an improved 

efficiency. Furthermore, the gas converted from the 

liquid in the heat receiving portion 6 flows through 

the long straight parts 7 toward their outer ends 
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and liquefies· again at a location sufficiently away 

from the MPU mount portion 13, consequently 

releasing tha heat at a portion suff ioiently away 

from the MPU s and having a relatively low 

5 temperature. This achieves an improved heat 

disposal efficiency. 

The annular parts 8 and the shOrt straight parts 

9 have a smaller width than the radially arranged 

long s~raight parts 7. The heat receiving portion 6 

10 is therefore given increased ability to retain-~he 

working liquid by this teature and also by the 

capillary effect of the joints 12 of the annular 

parts 8 and the short straight parts 9. As a 

result, the heat receiving portion 6 of the heat 

15 pipe portion S has retained therein the working 

liquid at all tim9s and is less susceptible to a 

drying-out phenomenon. 

FIG. 7 shows another heat aink 15 as a aecond 

embodiment of the invention. With reference 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 receiving portion 

20 which comprises a circular part 21, an annular 

part 22 spaced apart· from the circular part 21 
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radially outward and concantrio therawith, and a 

plurality of short 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 2S is equal to the width of 

long straight parts 7 radially extending from the 

annular part 23. 

Although not ahown, the joints between the inner 

aurtace of the upper aluminum sheet 2 and the inner 

10 surface cf the lower aluminum sheet 3 for providing 

the annular part 22 and the short straight parts 23 

may be adgelike er rounded. In the former case, it 

is desired that the edgelike joint have an angle of 

up to 60 da; between the inner surf ace of the upper 

15 aluminum sheet 2 and the inner surface of the lower 

aluminum sheet 3. In the latter case, the rounded 

joints preferably have a radium of curvature of up 

to 1 mm. 

Like the heat sir.Jc 1 of the first embodiment, 

20 the heat sink 15 is incorporated into a notebook 

personal computer 200. An MPU S is attached to the 

mount portion 13 on the underside of the •ink with a 

heat transfer sheet (not shown) interposed 

therebetween. The heat produced by the MPU S is 
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dispoaed of in the same manner as in the case of the 

heat sink of the ~irst embodiment. 

FIG. B shows ancthar heat sink 25 as a third 

embodiment of the invention. With reference to FIG. 

s S, the heat •ink 2.5, which is :!abricatad in tha same 

manner as the heat sink l of the first embodiment, 

comprises an aluminum clad plate 26 which is in the 

form ot a rectangle having a relatively small width. 

The underside of the plate 26 provides an MPU mount 

10 portion 29 at the miaportion of its length closer to 

ona long side of tha plate. The heat pipe portion 

28 of tha sink ha• at the region providing the mount 

portion 27 a heat receiving portion 29 which is 

latticelike. ~ha heat pipe portion 28 has a 

15 plurality of straight parts 30 extending radially 

from the haat receiving portion 29 and varying in 

length. 

Like the heat sink 1 of the first embodiment, 

the heat sink 25 is incorporated into a notebook 

20 persona'l computer 200. An MPU Sl in the fo:rm of a 

short quadrangular prism is attached to the mount 

partion 27 on the underside of the sink with a heat 

transfer sheet (not shown} intarposed therabetween. 

The MPU Sl has approximately the same size as the 
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heat receiving portion 29. The heat produced by tha 

MPU Sl ia disposed ot in the same manner as in the 

case of the haat sink l of the first embodiment. 

FIG. 9 shows another heat sink 35 as a fourth 

5 embodiment of tha invention. With reference to FIG. 

9, the heat sink 35 of the fourth embodiment differs 

from the heat sink 25 of the third embodiment mainly 

in that the heat pipe portion 37 of the sink 3~ 

comprises a looplike part 38 communicating at 

10 opposite ends thereof with the heat receiving -

pc~tion 29 ~n place of the straight parts extending 

radia1ly from the portion 29. The looplike part .38 

is elongated longitudinally of the aluminum clad 

plate 26 and is generally rectangular. The looplike 

lS part hes a uniform channel cross sectional area in 

its entirety. 

Like the heat sink l of the first embodiment, 

the heat sink 35 ia incorporated into a notebook 

personal com.puter 200. An MPU Sl is attached tc the 

20 mount portion 27 on the underside.of the sink with a 

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 37 
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thrcugh the upper and lower aluminum snaets. The 

working liquid heated with the heat avaporstes in 

the portion 29 into a gas, which flows into the 

looplika part 38 and further flows in a direction 

5 away from the heat receiving portion 29, releasing 

heat through tha aluminum clad plate 25 to lique~y. 

The·working liquid thus liquefied again circulates 

er flows reversely through tha looplike part 38 and 

returns to the heat receiving portion 29. The 

10 portion of working liquid originally remaining·in 

the loopl1ke part 38 also flows toward the haat 

rece~ving portion 29. ~he phenomena and movement 

described are 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 raference 

to FIG. 10, the heat sink 40 of the fifth embodiment 

differs from the heat sink 35 of the fourth 

embodiment mainly in that the heat pip• 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 

araa. Thus, the looplike part 42 at opposite siaas 

of the heat receiving portion 29 is greater at one 
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side than at tha other side in channel cross 

sectional area. The part 43 cf great channel cross 

sectional area is larger than the part 44 of small 

channel cross sectional area in length. 

5 With refarance to FIG. 11, the part 44 of small 

cross sectional area preferably has a width bl 1 fox 

example, of up to 3.5 mm and a height hl, fer 

example, of up to 3.e mm. Aa shown in FIG. 12, the 

part 43 of ~reat cross sectional area prefera~ly has 

10 a width b2, tor example, of up to 20 mm and a height 

h2, for example, of up to 10 mm. 

LiKe the heat sink l of the first 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 a 

heat transfer sheet (not shown) interposed 

therebetween. The heat produced by the MPU Sl is 

transferred ta the working liquid within th• 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 the portion 29 into a gas, whieh flews into the 

looplike part 42. Since the part 43 of great 

channel cross sectional area is lower than the part 
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44 cf small channel cross sectional area in pressure 

loss, tha gas flows into the part 43 of great crass 

section in a larger amount. Th• gas ot working 

liquid flowing int.c the looplike part 42 further 

5 flows in a direction away from the heat receiving 

portion 29, releasing heat th=cugh the aluminum clad 

plate 26 to liquefy. The working liquid thus 

liquefied again circulates or flows reversely 

through the looplike part 42 and returns to the heat 

10 reoe.iving portion 29. 'l'h• portion of working -

liquid originally remaining in the looplike part 42 

also flows toward the heat receiving portion 29. 

The phenomena and movement described are repeated to 

dispose of the heat generated :by the MPU Sl. 

15 FIG. 13 shows another heat sink 45 as a sixth 

embodiment of tha invention. With reference to FIG. 

13, the heat sink 4e of the sixth embodiment differs 

from the heat sink 35 cf the fourth embodiment 

mainly in the following cona~ruction. Tha center 

20 portion of the underside of the aluminum cla4 plate 

26 serves aa 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 
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plurality of •hart straight parts SO for holding the 

adjacent annular parts 49 in communicati~n 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 lcoplike parts 51 each 

cQIU1lun~cating at ita opposite ends with the po:rt~on 

48. The looplike parts 51 provided are four in 

total number. 

All the annular parts 49 o! the heat receiving 

10 portion 48 are each in width, as well as in height. 

All the short straight parts 50 are also equal in 

~idth, as wall as in height. The width of the 

annuiar parts 49 is equal to th• width of the short 

straight parts 50. The height of the annular parts 

15 49 are equal to the height of the short straight 

parts so. 

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 secticnal area in its entirety. Furthermore, all 

the lcoplike p~rts 51 are equal in channel cross 

sectional area. The adjacent looplik~ parts 51 

share a portion. The combinat~on of all looplike 

parts 51 has a rectangular contour. 



22 

tik• tha heat sink l of the first ambodimant, 

the heat sink 45 i• incorporated into a note:t>ook 

personal computer 200. An MPU s is attached to tha 

mount portion 46 en the underside of the sink with a 

5 heat transfer sheat (not shown) interposed 

therebetween. The heat produced by the MPU s ~s 

transferred to the working liquid within tha heat 

receiving portion 48 of the heat pipe portion 47 

through the uppe~ and lower aluminum ahaets. The 

10 working liquid heated with the heat evaporates,in 

the portion 48 into a gas, which flows into the 

looplike parts Sl of the heat pipe porticn 47 ena 

further flews in a direction away from the heat 

receiving portion 48, releasing heat through the 

15 aluminum clad plate 26 to lique:fy. The working 

liquid thus liquef i•d again circulate• or tlows 

reversely 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 alsc flows toward the heat receiving 

portion 48. The phenomena and movement described 

are repeated to dispose of tha heat generated by the 

MPt1 S. 

FIG. 14 show anotr..er heat sink 55 as a seventh 



23 

embodiment of the invention. With rafaranoe to FIG. 

14, the heat sink 55 is ~abricated in the same 

manner as the heat s~nk l of the first embodiment. 

The aluminum clad plate 56 of this si:nk has a 

5 rectangular shape approximate to a square. The 

canter portion cf the underside of the plate 

provides an MPU mount portion 57 at a location close 

to one long side of the plate. The heat pipe 

portion SB has a latticelike heat receiving portion 

10 59 at the region providing the MPU mount portion S?. 

The heat pipe portion 58 has a plurality of, 

e.g., four, generally trapezoidal looplike parts 61 

eaeh communicating at opposite ends therso~ with the 

heat receiving portion 5g. The adjacent looplike 

15 parts 61 share a part. The combination of all the 

looplike parts 61 has a rectangular contour. Each 

looplika part 61 comprises a part 62 of great 

channel cross sectional area and a part 63 ct small 

channel cross sectional area. At opposite sides of 

20 the heat receiving port1cn 59, the locplike part 61 

is greater at one side than at the other side in 

channel cross sectional area. Tha part 62 of great 

channel cross secticnel a:ea is largar than tha part 

53 of small channel cross sectional area in length. 
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Like the heat sink 1 of the first embodiment, 

the heat aink 55 is incorporated into a notebook 

personal computer 200. An MPU Sl is attached to the 

mount portion 57 on the underside of the sink with a 

5 heat transfer sheet (not shown) interposed 

therel:>atween. The heat produced by the MPU Sl is 

transferred to the working liquid within the heat 

receiving portion 59 of the heat pipe portion 58 

through the upper and lower aluminum sheets. The 

10 working liquid heated with the heat evaporates ~n 

the portion 59 into a gas, which flows into tha 

lcopli~e 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 amount. The gas of working 

liquid flowing into the looplike parts 61 further 

flows in a direction away from the heat receiving 

portion 59, releasing heat through the aluminum clad 

20 plate 56 to liquefy. The wo:king liquid thus 

liquefied again circulates or f lcws reversely 

through the looplike parts 61 and returns to the 

heat receiving portion 59. The portion of working 

liquid originally remaining in the looplike parts 61 
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also flowa toward the heat receiving portion 59. 

The phenomena and movement described are repeated to 

dispose of the heat generated by the MPU Sl. 

FIG. 15 shews another heat sink 65 of the 

5 invention as an eighth embodiment. With reference 

to FIG. 15, the heat sink 65 is fabricated in the 

same manner as the heat sink 1 of th• first 

embodiment. However, the sink oomprisas an aluminum 

clad plate 66 which is L-shaped and comprises a lcng 

10 rectangular portion 67, and a short rectangular 

portion 68 integral with the portion 67 at one end 

cf its cne long side. The underside of the outer 

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 region providing tha MPU 

mount portion 69. 

The heat pipe portion 70 has an L•shaped 

looplika part 73 communicat~ng at opposite ands 

20 thereof with the neat receiving portion 71. The 

looplike part 73 comprises a part 74 of great 

channel cross sectional area and a part 75 cf small 

channel cross sectional area. At opposite sides of 

the heat receiving por~ion 71, the looplike part 73 
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is greater at one aide than at the oth•r side in 

channel cross sectional area. ~he part 74 of great 

channel cress sectional area is nearly equal to th• 

part 75 of small channel cross sectional area in 

5 length. 

Like the heat sink 1 cf the first embodiment, 

the heat sink 65 is incorporated into a notebook 

personal computer 200. An MPU Sl is attached to the 

mount portion 69 on the underside of th• sink with a 

10 heat transfer sheet (not shewn) interposed 

therabetween. The heat producaa by the MPU Sl is 

disposed of in the same manner as is the case with 

the heat sink 40 of the fifth embodiment described. 

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

15 ninth embodiment of the invention. With reference 

to FIG. 16, the heat sink BO of the ninth emeodiment 

dif fars from the heat sink 40 of the fifth 

·· embodiment mainly in that the aluminum clad plate 26 

has one corner which provides an MPU mount portion 

20 Bl on the underside thereof. Another main 

difference is that a heat pipe portion 82 has a 

looplika part 83 communicating at opposite ends 

thereof with the heat receiving portion 29 and 

comprising a part 84 of great channel cross 
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sectional area and a part 85 which is·small in this 

area. At opposite sides of the heat receiving 

portion 29, the looplike part 83 is greater at one 

side than at the ether side in channel cress 

5 sectional area. For example, as seen in FIG. 16, 

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 bond~ng tha upper aluminum shaet 2 to tha 

10 lower aluminum sheet 3 under pressure. The presence 

of the bonded spots 86 gives improved pressure 

resistance to the part B4 of great channel cross 

sectional area. 

The length of the part 84 cf great area is 

15 approximately equal to the length of the part 8~ of 

small area. 

Like the heat sink 1 of the first embodiment, 

the heat sink SO is incorporated into a notal:look 

personal computer 200. An MPU Sl is attached to the 

20 mount portion 81 on the underside of the sink with a 

heat transfer sheet (not shown) interposed 

therabatween. The heat produced by the MPU Sl is 

disposed cf in the same manner as is the case with 

the heat sink 40 of the fifth embodiment described. 
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At this time, the presence of the bonded spots 86 

stirs the gas of working liquid and also increases 

the area of contact between the gas and the aluminum. 

sheets 2, 3, eonaaquently effecting efficient re-

5 liquefaction of the gas. 

FIG. 18 shows anoth•r heat sink 90 as a tenth 

embodiment of the invention. With reference to FIG. 

18, the heat sink 90 cf tha tenth ~odiment differs 

from the heat sink 80 of the ninth embodiment mainly 

10 in that an MPU mount port1on 91 is provided at the 

lengthwise midportion of the aluminum clad plate 26 

ol~ser to ona long side thereof, and that the sink 

comprises a heat pipe portion 92 which has two 

opposite looplike parts 93 each communicating at 

15 opposite ends thereot with the heat recaiving 

portion 29. The looplike parts 93 are each in the 

form of a rectangle which is elongated 

longitudinally of the clad plate 25. The two 

lccplike parts 93 share a portion. The combination 

20 of the two lcoplike parts 93 has a rectangular 

contour. Each looplike part 93 comprises a part 94 

of great channel cross sectional area, and a part 95 

which is small in this area. At opposite sides of 

the heat receiving portion 29, the looplika part 93 
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is greater at one side than at the other side in 

channel cross sectional area. ln each part 93, the 

length of the part 94 of grae.t area is approximately 

equa1 to that of the part 95 ot small area. The 

5 part 94 of g:r:aat area is formed with bonded spots 86 

s~milar 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 pert 94 of great area 

10 also in this case. 

Like the heat sink l of the first embodiment, 

the heat sink 90 is incorporated into a notebook 

personal computer 200. An MPU Sl is attached to the 

mount portion 91 en the underside of the sink with a 

15 heat transfer •haet {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 eink 55 of the seventh embodiment 

described. At this time, the presence of the bonded 

20 spots 86 stirs the gas of working liquid and also 

increases the area of contact between the gas and 

the aluminu.~ sheets, consequently ef facting 

afficiant re-liquefaction of the g~s. 

FIG. 19 shows enother heat sink 100 as an 
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eleventh embodiment of the invention. · With 

reference to FIG. 19, the heat sink 100 of the 

eleventh fllllbodiment differs from the heat sink 90 of 

the tenth embodiment mainly in that an MPU mount 

s portion 101 ia providad at the center of underside 

of the alwninum clad plate 26, and that the sink 

compr~ses a heat pipe portion 102 which has two 

rectangular looplika parts 103 at each ot right and 

left sides ot the heat receiving portion 26, i.e., 

10 four looplike parts 103 in total, aach 0£ the parts 

103 communicating at opposite.ends thereof with the 

heat receiving portion 29. The adjacent looplike 

parts 103 share a portion. The combination of al1 

the looplike parts 103 has a rectangular contour. 

15 Bach looplike part 103 comprises a part 104 of great 

channel cross sectional area, and a part 105 which 

~a small in this area. At opposite sides of the 

heat receiving portion 29, the looplike part 103 is 

greater at one side than &t the othar·aide in 

20 channel cross sectional area. Another main 

difference is that the part 104 of great channel 

cross sectional area of each looplike part 103 has 

no bonded spo~s described. 

Like the heat sink l of the first embodiment, 
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~he haat ainx ia incorporated into a note]:)ook 

personal computer 200. An MPU Sl is attached to the 

mount porticn 101 on the underside of the sink with 

a heat transfer ahaet (not shown) interposed 

5 therebetween. The heat produced by the MPU Sl is 

diaposad of 1n the same manner as ~s the case with 

the heat sink 55 of the seventh embodiment 

described. 

FIG. 20 ahows anotruar heat sinlc 110 as a twelfth 

10 embodiment of the invention. With reference to FIG. 

20, the heat sink 110 cf the twelfth embodiment 

aif fers from the heat sink 100 of the eleventh 

embodiment mainly in that a heat pipe portion ll2 

has a heat receiving pcrt~on 48 similar to the heat 

15 receiving portion 48 of the sixth aml:Jodiment is and 

provided at the center region of underside of the 

aluminum clad plate 26 where tha MPU mount portion 

lll 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 cf the parts 113 ccmmunicating at cpposite 

ends thereof with the heat receiving portion 48. 

The adjacent loQplike parte 113 share a portion. 

The combination of ell the looplike parts 113 has a 
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rectangular contour. Bach looplike part 113 

comprises a part 114 of great channel cross 

sectional area, and a part 115 which is small in 

this area. At opposite sides of tha heat receiving 

5 portion 48, the looplike part 113 is greater at one 

side than at the other side in channel oroaa 

sact~onal area. 

Like the heat sink 1 ot the first embodiment, 

the heat sink is incorporated into a notebook 

10 personal computer 200. An MPU Sl is attached to the 

mount portion 111 on tha underside of the sink with 

a heat transfer sheet {not shown) interposed 

tharebetween. The heat produced by the MPt1 Sl is 

disposed of in the same manner aa is the case with 

l~ tha heat sink of the eleventh embodiment described. 

FIG. 21 shows another· heat sink 120 as a 

thirteenth embodiment cf the invention. With 

reference to 7IG. 21, the heat sink 120 of this 

ammodiment differs from the heat sink 110 of the 

20 twelfth amtodimant mainly in that a heat receiving 

portion 126 provided at the region cf a heat pipe 

portion 121 where the MPU mount portion lll is 

present comprises a circular part 122, large and 

small two annular parts 123 arranged radially 
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outwardly thereof and concantrioally therewith as 

spaced 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 e 

plurality of looplike parts 125 generally triangular 

and communicating at opposite ends with the heat 

receiving portion 12~. The adjacent looplika parts 

10 125 share a portion. The ccmtiinaticn of all the 

looplika parts 125 has a rectangular contour. Each 

lcopl1ke part 125 compr~sea a part 127 of great 

channel cross sectional area, and a part 128 which 

ia 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 cros• sectional area. With the present 

embodiment, one looplike part 125 may have e portion 

of increased channel cross sectional area, with 

20 another looplika part 125 adjacent thereto given a 

portion of reduced channel cross sectional area, and 

vice versa. 

Like the heat sink l of tha first embodiment, 

the heat sink is inco:poratad into a notebook 
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personal computer 200. An MPU Sl is attaOhed to the 

mcunt portion lll on the underside of the aink with 

a heat transfer sheet (not shown) interposed 

therebetwean. The heat produced by the MPU Sl is 

5 di•posed of in the same manner as is the case with 

the heat sink 110 of the eleventh ambcdiment 

c5escril)ed. 

FIG. 22 shows another heat sink 130 as a 

fourteenth embodiment of the invention. With 

10 re~erence to FIG. 22, the beat •ink 130 is 

fabricated in the same manner as the heat sink l of 

the first embodiment, while the aluminum clad plate 

131 thereof is generally square and has on the 

underside a center portion serving as an MPU mount 

15 portion 132. Tha heat pipe portion 134 oomprises a 

plurality of atraight parts 135 arranged in 

parallel, two long straight parts l3S for holding 

all the straight parts 135 in communication with one 

another at the respective opposite ands of the 

20 parallel arrangement, and a plurelity of abort 

straight parts 137 for holding each adjacent pair of 

straight pa~ts 135 in communication with each other 

at lengthwise intermediate portions thereof, All 

the short straight parts 137 are in a staggered 
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arrangement. Accordingly, the heat pipe portion 134 

has a latticelike heat receiving portion 138 

positioned at tha region ot the MPU mount portion 

132. 

S Like the heat sink 1 of the fir•t embodiment, 

the heat •ink 130 is incorporated into a notebook 

personal computer 200. An MPU Sl is attached to the 

mount portion 132 on the underside of the sinlc with 

a heat transfer sheet (not shown) interposed 

10 therebetween. The heat produced by tha MPU Sl:is 

trans~erred to the working liquid within the heat 

rec~iving port~on 138 of the heat pipe portion 134 

through the upper and lower aluminum sheets. The 

working liquid heated with tha heat evaporates in 

15 the portion 138 into a gas, which flows through the 

straight parts 135, short straight parts 137 an~ 

long straight parts 13e in a direction away from the 

heat recaiving portion 138, releasing heat through 

the eluminum clad plate 131 to l~quefy. The working 

20 liquid thus liquefied again returns to the heat 

receiving portion 138 through the long straight 

parts 136, straight parts 135 and short straight 

parts 1~7. The portion of working liquid originally 

remaining in the heat pipe portion 134 other than 
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the heat receiving portion 138 also flows toward the 

heat r•c•iving portion 138 via the lon; straight 

parts 136, straight parts 135 and short straight 

parts 137. The phenomena end movement described are 

5 repeated to dispose cf the heat generated by the MPU 

Sl. 

According to the second to fourteenth 

eml:)odiments, the h•at pipe portion with working 

liquid enclosed in its hollow portion 1s produced in 

10 tha same manner as described with refaranca to.the 

first embodiment. More specifically stated, the 

working liquid enclosing heat pipa portion is 

prepared by forming a channel in the aluminum c1ad 

plate in communication with the hollow portion and 

15 extending to an outer edge of the plata to provide 

an opening at the edge, injecting the liquid through 

the opening, and therea~ter collapsing the upper 

aluminum sheet of the channel portion flat and 

bending the sheet to the lower aluminum sheet under 

20 pressure. 

With all the embodiments described, the heat 

sink 1s entirely made cf an aluminum clad plate 

composed of two aluminum sheets end having a 

nonbonded portion in a required pattern. Tha 
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nonbonded portion provides a heat pipe portion 

fcrmad by outwardly inflating the upper aluminum 

sheet of the nonbonded portion to make a hollow 

portion and enclosing a working liquid in the hollow 

5 portion. The clad plate has a flat underside 

providing an MPU mount portion. However, the heat 

sink need not always have such a construction. Tbe 

lower aluminum sheet in the nonbonded portion may be 

outwardly inflated to form a hollow portion tc 

10 provide a heat pipe portion by enclosing the working 

liquid in the bellow portion, and an MPU mount 

portion may be tormed on the underside of the clad 

plate. At the nonbonded portion, both the upper and 

lower aluminum sheets may be outwardly intlated to 

lS 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 underside of the clad plate. 

BXAMPLES 

20 Example l 

A heat sink l was prepared according to the 

first embodiment and used. 

An aluminum clad plate 10 was prepared from an 

upper aluminum sheet 2 mada of JIS Al230 and a 
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continuous cast sheet of JlS A3003 as a lower 

aluminum sheet 3 ~Y the roll bonding process. The 

clad plste 10 was 320 mm in length, 250 mm in width 

and a.a to 0.9 mm in thiclcness and forllled with a 

5 hoilcw portion 4 in the pattern shown in FIG. l with 

a capacity of 7 cc. A working liquid comprising 

HFC134a was enclaaed in the hollow portion 4 in an 

amount of 50 to ?5% o~ tha capacity of the hollow 

portion 4 to obtain a heat pipe portion 5. The heat 

10 receiving portion 6 measured 50 mm in the outatde 

diameter of the outermost annular part 9, 3 mm in 

the radial width of eaeh 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 a. Each long straight part 7 was 7 mm in 

width. The annular parts 9, short straight parts 9 

end long straight parts 7 were l mm in height. 

Heat was given to the MPU mount portion 13 of 

the heat sinlc l 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 regardless 

of the angle of inclination of the heat sink. 
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Example 2 

A heat sink 15 was preparea according to the 

second embodiment and used. 

An aluminum clad plate 10 was prepared from an 

5 upper aluminum sheet made cf JIS Al230 and a 

continuous cast sheet of JIS A3003 as a lower 

aluminum sheet by the roll bonding process. The 

clad plate lO 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. 1 witn 

a capacity cf 7 cc. A working liquid comprising 

HFC134a was enclosed in the hollow portion 4 in an 

amount of 50 to 75% cf the capacity of the hollow 

portion 4 to obtain a heat pipe portion 5. The heat 

15 receiving portion 20 measured 36 mm in the diameter 

of the circular part 21, 50 mm in the outside 

4iamater of the annular part 22, and 7 mm in the 

racial 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. ~he circular 

part 21, annular part 22, short straight parts 23 

and long straight parts 7 were 1 mm in height. 

Heat waa given to the MPU mount portion 13 of 

the heat sink 15 from the underside, and the maximum 
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temperature difference between thie portion and the 

portion corresponding to the outer end cf the long 

straight pert 7 was measured. Consequently, the 

temperature dif f aranca was about 8 deg C regardless 

5 of the angle of inclination of the heat •ink 15. 

Example 3 

A heat sink 65 was prepared according tc the 

eighth embodiment and used. 

An aluminum clad plate 66 was prepared from an 

10 upper aluminum sheet made of JIS A1230 and a 

continuous cast sheet of JIS A3003 as a lower 

aluminum sheet by the roll bonding procesa. The 

clad plate was 320 mm in length, 250 mm in wiath and 

O.S to 0.9 :mm in thickness and formed with a hollow 

15 portion in the pattern ahown ~n FIG. 15 with a 

capacity of 7 cc. A working liquid comprising 

HFC134a was enclosed in the hollow portion 1n an 

amount cf 50 to 75' of the capacity of the hollow 

portion to obtain a heat pipe portion 70. The part 

20 75 of small channel cress sectional area in the heat 

pipe portion 70 was 3.5 mm in width a.~d 3 mm in 

height, and the part 74 of great area in the same 

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

Heat was given to the MPU mount portion 65 of 
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the heat sink 65 from the und•rside, and the maximum 

t•mpe:ature dif ferenca between this portion and a 

portion at the largest distance from the mount 

portion 69 was measured. consequently, the 

5 temparatura dif ferenoe was about 5 deg c regardless 

of the angle of inclination of the heat sink 65. 
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What is claimed is: 

l. A heat sink for use in a pcrtaale electronic 

device for disposing cf the heat generated by an 

electronic component 0£ the device, the heat sink 

S comprising in its entirety a metal clad plate 

composed of two metal sheets and having a nonbondad 

· portion in a required pattern, the ncnbonded portion 

providing a heat pipe portion formed by outwardly 

inflating at least one cf the two metal sheets of 

10 the nonbonded portion tc make a hollow portion:and 

enclcaing a working liquid in the hollow portion, 

the metal clad plate having on one surface thereof a 

mount portion fer the electronic component et a 

region thereo£ where the heat pipe portion is partiy 

15· present, the heat pipe portion having e heat 

receiving po~tion at the region thereof where the 

mount portion is present. 

2. A neet sink for uae in a portable electronic 

device as defined in claim 1 wherein tbe heat pipe 

20 portion comprises a plurality ot straight parts 

arranged in parallel, two long straight parts for 

holding all the parallel straight parts in 

communication with one another at the respective 

opposite ends of the parallel arrangement, and a 
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plurality cf ahcrt straight parts for.holding each 

adjacent pair of parallel straight parts in 

communication with each other at lengthwise 

intermediate portions tharaof, all the short 

5 straight parts being in a et•ggered arrangement. 

3. A haat 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 concentrio annular parts, and a 

10 plurality of straight parts for causing the adjacent 

annular parta to communicate with eaoh other. 

4. A heat sink tor use in a porta~le electronic 

device as daf ined in claim l wherein the heat 

receiving portion of the heat pipe portion comprises 

15 a circular pert, an annular part spaced apart from 

the circular part radially outward thereof and 

disposed concentrically therewith, and a plurality 

of straight parts for hOlding the circular part in 

communioaticn with the annular part. 

20 5. A heat sinlc for use in a portable electronic 

device as defined in claim 1 wherein the heat 

receiving portion cf the heat pipe portion__is 

latticelike. 

6. A heat sink for use in a portab1e electronic 
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devica as defined in claim 1 wherein the heat pip• 

portion comprises a plurality cf $traight pa:ts 

extending radially from the heat receiving portion. 

7. A heat sink for use in a portable electronic 

S device as defined in claim l wherein the heat pipe 

portion comprises at least one looplike part having 

opposite ends communicating with the heat receiving 

portion. 

8. A heat sink fo~ uaa in a portable electronic 

10 device as deiined in claim 7 wherein the looplike 

part is ;~eater at one side of the heat recai~ing 

portion than at the other side thereof in channel 

cross sectional area. 

9. A heat sink -far use in a portable electronic 

15 device as defined in claim 7 wherein ~he heat pipe 

portion comprises a plurality of looplike parts, and 

the adjacent looplike parts ahare a portion. 

10. A heat sink £or use in a portable electronic 

device as defined in claim 9 wherein the looplike 

20 part is greater at one side of the region where the 

mount portion is present than at the other aide 

thereof in channel cross sectional area. 


