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A Heat Sink THI'S INVENTION rel ates to a heat sink and nore particularly
to a heat sink for cooling a heat source such as el ecfronic conponents

nounted on a printed circuit board. The trend in the developn%EFf;‘
of electronic devices is for heat generating conponents to be assenbled in
hi gh packagi ng densities on printed circuit boards (PCBs). Therefore, the
heat to be dissipated at both conponent and PCB | evel s has increased

t r emendousl "3gﬁ opyeptional free or forded air convection cool i ng
desERhE

t echni ques their rmaxi mum cooling capacity. Since the
ext er nal

THIS INVENTION relates to a heat sink and more particularly
to a heat sink for cooling a heat source such as electronic
components mounted on a printed circuit board.

The trend in the development of electronic devices
is for heat generating components to be assembled in high
packaging densities on printed circuit boards (PCBs).
Therefore, the heat to be dissipated at both component and
PCB levels has increased tremen&ously and conventional free
or forced air convection cooling techniques have reached
their maximum cooling capacity. Since the external
surfaces of heat generating components mounted on a PCB are
not always in the same plane, cooling all the components on

a PCB by a single solid heat sink, such as a heat pipe, is
very difficult.

Heat sinks with flexible surfaces have been
proposed. The main objective for such heat sinks is to

cool individual electronic components. Heat sinks
incorporating flexible containers for cooling multiple
electronic components have also been proposed. However,

the cooling capacities of such designs are limited since no
effective method has been proposed for dissipating the heat
absorbed by a liquid inside the flexible container.

It is an object of the present invention to provide
an improved method for cooling heat generating electronic
components mounted on PCBs.

Accordingly, the present invention provides a heat
sink comprising: a body having an envelope including a
flexible portion for thermal contact with a heat source,
the envelope being filled with a thermally conductive

liquid; and a thermosyphon having one end disposed at least



surfaces of heat generating conponents nmounted on a PCB are not always in
- the sanme plane, cooling all the conponents on a PCB by a single solid heat

sink, such as a heat pipe, is very difficult. Heat sinks with
fl exi bl e surfaces have been proposed. The main objective for such heat
sinks is to cool individual electronic conponents. Heat sinks

I ncorporating flexible containers for cooling nultiple electronic
conponents have al so been proposed. However, the cooling capacities of
such designs are limted since no effectd ve nethod has been proposed for

di ssi pating the heat absorbed by a liquid inside the f]exible caontainer.
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Accordingly, t resent .invention provides a heat sink conprising: a body
havi ng an éﬁVﬂ?ﬁ%@eiﬁB|§aFﬁ¢P&¥e ReRt"

In order that the present invention may be more
readily understood, embodiments thereof will now be
described, by way of example, with reference to the
accompanying drawings, in which:

Figure 1 is a perspective view of a heat sink
embodying the present invention, a cut-away portion
illustrating the interior of a section of the heat sink;

Figure 2 is a schematic side view, partially in
cross—-section of the heat sink of Figure 1, two PCBs being
shown in phantom either side of the heat sink;

Figure 3 is a schematic side view of another heat
sink embodying the present invention, a single PCB being
shown in phantom on one side of the heat sink;

Figure 4 is a schematic side view of a further heat

sink embodying the present invention for use in cooling two
PCBs; and

Figure 5 is a schematic side view of another heat
sink embodying the present invention for use in cooling a
single PCB.

Referring to the figures, a heat sink 1 embodying
the present invention has a body 2 for engagement with heat
generating components on at least one printed circuit
board, a series of thermosyphons, or heat pipes, 3 and an
array of cooling fins 4 mounted on the thermosyphons 3.



_flexible portion for thermal contact with a heat source, the envel ope being

filled wth a thermally conductive |iquid; and a thernpbsyphon havi ng one
end di sposed at | east 2 partly

within the liquid in the body to absorb heat fromthe heat source and
anot her end di sposed outside the envel ope to dissipate heat. In
order that the present invention may be nore
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Referring to Figures 1 and 2, the body 2 comprises
a substantially rectangular frame 5 made up of side walls
6, 7, a top wall 8 and a base 9. Two flexible membranes
10, 11 are attached to the frame 5 to create a volume
within the body 2 which is enclosed by the side walls 6, 7,
the top wall 8, the base 9 and the flexible membranes 10,
11. The flexible membranes 10, 11 are made from a flexible
material having high thermal conductivity such as, for
example, laminated aluminium foil or a 3M proprietary
multi-layer £ilm as used in 3M's liquid heat sink.

The top wall 8, is formed with a series of equi-
spaced holes along its length each of which receives in
friction fit and sealing engagement a thermosyphon 3. The
end of the thermosyphon 3, inside the body 2, is known as
the evaporator portion 12. The opposite end of the
thermosyphon 3, which is located outside of the body 2 is
known as the condenser portion 13. Each thermosyphon 3 is
filled with a working fluid such as water.

The top wall 8 of the frame $, is also provided
with a pair of valves 14, 15, which are used to charge and
pressurise a thermally conductive and electrically non-
conductive liquid which can be introduced into the body 2.

Preferably, the 1liquid in the body is 3M's Fluorinert
(Trade Mark) liquid.

One of the valves 14 is used to bleed air or the
like from the body 2 as the body 2 is being filled with
ligquid through the other of the valves 15. The condenser
portions 14 of the thermosyphons 3 support the array of
cooling fins 4. Each fin 4 comprises a rectangular plate
manufactured from a thermally conductive material such as
copper. The fins 4 are spaced apart from one another to



readi-ly understood, embodinents thereof will now be described, by way of
"exanple, with reference to the acconpanying drawi ngs, in which:

Figure 1 is a perspective view of a heat sink embodying the present
invention, a cut-away portion illustrating the interior of a section of the
heat sink; Figure 2 is a schematic side view, partially in
cross-section of the heat sink of Figure 1, two PCBs being shown in phantom
ei ther side of the heat sink; Figure 3 is a schematic side view
of anot her heat sink enbodying the preseAt invention, a sLngIe PSB_belng
shown in phantqQm.,on one side of the heat_ sink; I gure s a
schenaticpsméég%¥§ﬁcﬁh%.?HF@H&Plﬂ%&asWHRcémﬁﬂﬁNngrﬁﬁénﬁrégénprpﬁ9§ﬁt|on
for use in egglicientweddiBYig.and

In operation, the body 2 of a heat sink 1 embodying
the present invention is sandwiched between two PCBs upon
which are arranged an array of heat generating components
requiring cooling. As shown in Figure 2, the components on
the PCBs face inwardly towards the body 2 of the heat sink

The volume inside the body 2 is filled through one
of the valves 14, 15 with the thermally conductive liquid.
When filled, the liquid in the body 2 is then pressurised
through one of the valves 14, 15 so that the flexible
membranes 10, 11 expand to make good thermally conductive
contact with the irregular surfaces presented by the
electronic components on both the PCBs. 1In this manner,
the maximum surface area of the electronic components on
the PCBs is in contact with the surfaces of the thermally
conductive membranes 10, 11 even though the components on
the PCB are not necessarily all in the same plane.
Preferably, the flexible membranes 10, 11 are coated with
a thermally conductive gel to enhance +the thermal

conductivity between the components and the membranes 10,
11.

As the PCB components heat up, heat is conducted
through the membranes 10, 11 to the liquid inside the body
2 which absorbs this heat and transmits the heat to the
evaporator portions 12 of the thermosyphons 3. In forced
convection embodiments of the invention, as shown in
Figures 1 to 3 and in free convention embodiments of the
invention as shown in Figures 4 and 5, as the evaporator
portions of the thermosyphons 3 heat up, evaporation of the
working fluid inside the thermosyphons 3 is caused, causing



. Figure 5 is a . schematic side view of another heat sink enbodying the

present invention for use in cooling a single PCB. Referring to
the figures, a heat sink 1 enbodying the present invention has a body 2
for engagenent with heat generating conponents on at |east one printed
circuit board, a series of thernosyphons, or heat pipes, 3 and an array
of cooling fins 4 nounted on the thernosyphons 3.
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the vapour to move up the thermosyphons 3 towards the
condenser portions 13. As the vapour reaches the condenser
portions 13 of the thermosyphons 3, the heat of the working
fluid is conducted to the fins 4. In both forced and free
convection embodiments, the heat from the condenser
portions 14 is radiated outwardly via the cooling fins 4 to
the atmosphere by forced air convection or free convection.

A variation on the embodiment of the heat sink
shown in Figures 1 and 2 is shown in Figure 3. In this
embodiment, one of the flexible membranes 11, is removed
from the body 2 and replaced by a rigid metal plate 16.
This embodiment is particularly well suited to cooling the
components of a single PCB, the components of the PCB being
placed in contact with the remaining flexible membrane 10.

The embodiments of the heat sink shown in Figures
1, 2 and 3 are particularly well suited to cooling by
forced air convection whereas the embodiments shown in
Figures 4 and 5 are particularly well suited to cooling by
free convection. In the embodiments shown in Figures 4 and
5, the thermosyphons 3 are bent through 85° and the fins 4
are mounted vertically, i.e. parallel with the evaporator
portions 13, within the body 2 so that heat is dissipated
from the fins freely. The embodiment shown in Figure 4 is
particularly well suited for cooling two printed circuit
boards, whereas the embodiment shown in Figure 5 is
particularly well suited for cooling a single PCB, one of

the flexible membranes 11 being removed and replaced by a
rigid metal plate 15.



¢ 3. : Referring to Figures 1 and 2, the body 2 conprises a
substantially rectangular frame 5 made up of side walls 6, 7, a top wall 8
and a base 9. Two flexi ble nenbranes 10, 11 are attached to the frame 5 to
create a volune within the body 2 which is enclosed by the side walls 6, 7,
the top wall 8, the base 9 and the flexible nmenbranes 10, 11. The flexible
menbranes 10, 11 are nade froma flexible material having high thermal
conductivity such as, for exanple, lamnated alum niumfoil or a 3M
proprietary nulti-layer filmas used in 8M s l'iquid heat sink.

The top wall 8, Wi s of eqU|, spaced holes along its
| engt h each of Whl ch%Fé‘cg"rt}f’e H?ﬁt 16’& PPy t 2ad® skl bRy "@ngif
t her nosyphobeBweéhe thed EHCBs\e ther mbssiphols 3 simpliyledepeeeetr ided Shnown
as the evap P 9 he opposi end.of .t hey nos on 3,
which is Ioggghghguggf%ég%fégﬁevsiaﬁs Hﬁ kﬁ%ﬁﬁ glﬁﬁg 55”% %EVPFon
13. Each t hdigvddpton adJaw fihe efilexihle membrm@dlan(hemhﬁamSSWaoerll

to collapse away from the PCB(s).



~The top wall 8 of the frame 5, is also provided with a pair of valves 14,
" 15, which are used to charge and pressurise a thermally conductive and

el ectrically non- conductive liquid which can be introduced into the body
2. Preferably, the liquid in the body is 3Ms Fluorinert (Trade MarKk)

l'i quid. One of the valves 14 is used to bleed air or the |Ilike
fromthe body 2 as the body 2 is being filled wiwth Iliquid through the
ot her of the valves 15. The condenser portions 14--ef—the-th ons 3

support the array of cooling fins 4. Edch fin 4 édﬁﬁﬁﬁﬁéﬁfﬁﬁﬁééﬁ%h ul ar
plate manufactured froma thermally conductive materi afRE8iékPas codpper
The fins 4 SBIMBaced apart from one another to

1. A heat sink comprising: a body having an envelope
including a flexible portion for thermal contact with a
heat source, the envelope being filled with a thermally
conductive liquid; and a thermosyphon having one end
disposed at least partly within the liquid in the body to
absorb heat from the heat source and another end disposed
outside the envelope to dissipate heat.

2. A heat sink according to Claim 1, wherein the
envelope is provided with two flexible portions.

3. A heat sink according to Claim 2, wherein the two

flexible portions are 1located on opposed sides of the
envelope.

4. A heat sink according to Claim 1, wherein the
flexible portion is located on one side of the envelope and

a rigid plate is 1located on the opposed side of the
envelope.

5. A heat sink according to any preceding claim,
wherein the or each flexible portion is made from a
thermally conductive material.

6. A heat sink according to any preceding claim,

wherein the or each flexible portion comprises a flexible
membrane.

7. A heat sink according to Claim 6, wherein the or
each membrane is mounted on a frame.

8. A heat sink according to Claim 7, wherein the frame
and membrane are electrically non-conductive.
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4 maximse the surface area which they present to pronote efficient
: cooling. In operation, the body 2 of a heat sink 1 enbodying the

present invention is sandwi ched between two PCBs upon which are ar

array of heat generating conponents requiring coqll

anged an
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2, the conponents on the PCBs face inwardly tomaﬁd34?he Bﬁqy

of tlhe heat

sink 1. The vol une inside the body 2 isj LLLLédmth+ﬁugﬁ'bne of the
valves 14, 15 with the thermally conductive |iqui When filled, the liquid
in the body 2 is then pressurised throug§h one of the val ves 14, 15 so that

the flexible
9,

A heat sink according to any preceding claim,

wherein the envelope is provided with one or more valves
through which the liquid is charged or discharged into or
out of the envelope and through which the envelope is

pressurised or depressurised.

10. A heat sink according to any preceding claim,

wherein a plurality of thermosyphons are provided.

11. A heat sink according to any preceding claim,
wherein one or more cooling fins are attached to the or

each thermosyphon outside the envelope.

12. A heat sink substantially as hereinbefore described

with reference to and as shown in the Figures.

13. Any novel feature of combination of features

disclosed therein.
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menbr.anes 10, 11 expand to make good thermally conductive contact with the
“irregul ar surfaces presented by the el ectronic conponents on both the PCBs.
In this manner, the maxi num surface area of the el ectronic conponents on
the PCBs-is in contact with the surfaces of the thermally conductive
menbranes 10, 11 even though the conponents on the PCB are not necessarily

all in the sane plane. Preferably, the flexible nmenbranes 10, 11 are coated
with a thermally conductive gel to enhance the thermal conductivity between
t he conponents and the menbranes 10, 11.°9 As the PCB conponents

heat up, heat is_conducted through the nmenbranes 10, 11 to the liquid

i nsi de the QMl ch absorbs this heat and --s—the—heat to the
evaporator portions 12 of the thernosyphons 3. l THISt GEEE d e oR¥EE i on

enbodi nent s %‘ogt %er’ﬂl ntion, as shown in Figures 1REREACERNG indfree
convention efbd§d Pt the invention as shown in Figures 4 and 5, as the

evaporat or portions of the thernosyphons 3 heat up, evaporation of the

working fluid insidg t4figyd NS AIPSYBHMPEs $ny® CEUBEHy ﬁg‘&iin@g an envelope
including a flexible portion for thermal contact with a
heat source, the envelope being filled with a thermally
conductive 1liquid; and a thermosyphon having one end
disposed at least partly within the liquid in the body to
absorb heat from the heat source and another end disposed
outside the envelope to dissipate heat.

' FIGURE 1
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.5 the vapour to nove up the thernosyphons .3 towards the condenser portions
13. As the vapour reaches the condenser portions 13 of the thernosyphons 3,
the heat of the working fluid is conducted to the fins 4. In both forced
and free convection enbodi nents, the heat fromthe condenser portions 14 is
radi ated outwardly via the cooling fins 4 to the atnosphere by forced air
convection or free convection. K/Yyariation on the enbodi nent of

t he heat sink

FIGURE 1



'shown in Figures 1 and 2 is shown in Figure 3. In this enbodinent, one of
the flexible nmenbranes 11, is renoved fromthe body 2 and replaced by a
rigid metal plate 16. This enbodinent is particularly well suited to
cooling the conponents of a single PCB, the conponents of the PCB being
placed in contact with the renmaining fR¢sible nenbrane 10. The
enbodi ments of the heat sink shown in Figures 1, 2 and 3‘§re particul arly
wel |l suited to cooling by forced air co e enbodi nents
shown in Figures 4 and 5 are particul a iﬂiﬂq__ SU|ted to cooling by free
convection. In the enbodi nents shotwn&wr—+ggttes 4 and 5, the thernosyphons
3 are bent through 85[err]and the f|\ Fount ed vertlcaLIy i.e.
parallel with the evaporator p?&tlons in the boﬁy’ﬁ— o that heat is
dissipated fromthe fins freely. Thg shomn in Figure 4 is
partlcularly wel | suited for cooll" boards, whereas

‘ j y:swell suited for cooling a
ﬁgﬂﬁmamﬂg&

single PCB, one of the flexible

g renmoved and repl aced by
arigid netal plate 15. -
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6 - When the heat sink body 2 is to be renoved from between the PCBs,
‘the body is sinply depressurised by opening one of the valves 14, 15 to
bleed of f air and/or liquid to allow the flexible nenbrane or nmenbranes
10, 11 to collapse away fromthe PCB(s).

3/3 ///¢+
3 :h
,. It ﬁ
s 13
I — G
5 _ (G
c—1 }
| | FIGURE 4
9 —/ |

é /[ FIGURE 5



7  CLAI M5 1. A heat sink conprising: a body having: .an envel ope
including a flexible portion for thermal contact with a heat source; a
rigid surface opposite the flexible portion; and an uppeg”§ﬁﬁgchmjthe
envel ope being filled with a thermally tohductive |iquid; "athernmosyphon
havi ng one end di sposed at |east partly within the liquid in the body to
absorb heat fromthe heat source and anot her end di sposed outside the
envel ope above the upper surface to dissipate heat; and one or nore val ves
| ocated 0 e body through which the liquid is charged or discharged into
or out envel ope and through which the envel ope is pressurised or
depressurised. 2. A heat sink according to Caiml1, wherein the flexible
portion is nmade froma thermally conductive naterial .

1. A heat sink comprising: a body having: an envelope including a flexible portion for
thermal contact #with a heat source; a rigid surface opposite the flexible portion; and an
upper surface, the envelope being filled with a th;rqxa]ly c.onc}ucﬁve liquid; a
thermosyphon having one end disposed at least partly within the liquid in the body to
absorb heat from the heat source and -another end disposed outside the envelope above the
upper surface to dissipate heat; and one or more valves located on the body through_ which
the liquid is charged or discharged into or out of the envelope and through which the
envelope is pressurised or depressurised. '

2. A heat sink according to Claim 1, wherein the flexible portion is made from a
thermally conductive material.

3. A heat sink according to Claim 1 or 2, wherein the flexible portion comprises a
flexible membrane. '

4. A heat sink according Claim 3, wherein the ﬂexibl§ portion is mounted on a frame.

5. A heat sink according to Claim 4, wherein the frame and membrane are electrically
non-conductive.

6. A heat sink according to any preceding claim, whercin a plurality of thermosyphons
are provided.
7. A heat sink according to any preceding claim, wherein one or more cooling fins are

attached to the or each thermosyphon outside the envelope.

8. A heat sink substantially as hereinbefore described with reference to and as shown
in the Figures.
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3. A heat sink according to Claim1l or 2, wherein the flexible portion

conprises a flexible nmenbrane. 4. A heat sink according Caim3, wherein
the flexible portion is nounted on a frane. 5. A heat sink accordisng to
Claim4, wherein the frame and nenbrane are el ectrically nofradtbtiCti ve.

6. A heat sink according to any preceding claim wherein a plurality of

t her nosyphons are provided. 7. A heat $ink according to any preceding

claim wherein one or nore cooling fins are attached to the or each
t her nosyphon out si de t he envel ope.

CLAIMS

1. A heat sink comprising: a body having: an-envelope including a flexible portion for
thermal contact With a heat source; a rigid surface opposite the flexible portion; and an
upper surface, the envelope being filled with a themmally conductive liquid; a
thermosyphon having one end disposed at least partly within the liquid in the body to
absorb heat from the heat source and another end disposed outside the envelope above the
upper surface to dissipate heat; and one or moré valves located on the body through which
the lxquxd is charged or discharged into or out of the enve10pe and through which the .
envelope is pressurised or depressurised. '

2. A heat sink according to Claim 1, wherein the flexible poziion is ma&c from 2
.- thermally conductive material.

3. A heat sink according to Claxm 1or2, whercm the flexible portion compnscs a
flexible membrane . _

. 4. A hcat sink accordmg Claim 3, wherein the flexible poruon is mounted on a frame.

5. A heat smk according to Claim 4, wherein' the framc and membrane are electrically
non-conduquvc

6. A hcat smk according to any preceding claira, wherein a p[u.tahty of thennosyphons
are provided.

7. Aheat sink according to any preceding claim, wherein one or more cooling fins are
attached to the or each thermosyphon outside the envelope.
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