1 Method for Heat Transfer and Device Therefor
TECHNI CAL FI ELD 5 A heat transfer device for
transferring heat froma heat source to a
heat - di ssi pating region is disclosed. The heat
transfer device is particularly wuseful in thermal
managenent of el ectronic conponents including mcro-
processors, liquid crystal displays (LCD),
m cr o- el ect r o-Methuarfoc beat Y sdresier anfdvBeBe THdrefor nat i ng
or radiating and |ike devices where the operation of
such 10 conponents produces excess heat that needs to
be transferred away, or as a heating elenment for
ra’?E@l—ﬁd’]@)A‘i_olﬁFErL% | ed heater. BACKGROUND ART 15 Many

vices, due to their operation and throughput,
produce heat which accunul ates and adversely affect
their continuous performnce unless conducted away
and di ssipated. This is particular true for
Seni confiuleedr transfor deyiceuion trRNSHRIEREsheAt fg‘@??'i gdwat source to a
(where the ever-increasing VLSI and processing speed
anbleairdissipaidig degiantis tlisqlosrces Jbe) heati toansdec dgyicalis particularly
di splays 20 (LCD), illum nating devices such as
| i gédfuem tthemgald netegetdrd) of elantronitevempoaentsusndieding micro-
transfer devices are being enployed for thernal
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in respect 0 eat’ pl pes ch may be enployed in a
| LA BT SOPAEG A RS 8 UPETBE S ofsucn
1%ocr:cg)rh2)onents prt\gvcri]ucens excess heat that needs to be transferred away, or as a

heating element for rapid and controlled heater.
BACKGROUND ART

15 Many devices, due to their operation and throughput, produce heat
which accumulates and adversely affect their continucus performance unless
conducted away and dissipated. This is particular true for semiconductor
devices such as processor devices (where the ever-increasing VLSI and
processing speed and amount of data bits processed), liquid crystal displays

20 (LCD), illuminating devices such as light-emitting diodes (LED), etc. where

various heat fransfer devices are being employed for thermal management.

One of the significant advances made is in respect of heat pipes which

may be employed in a flexible structure comprising multiple laminates such as



FIGURES 1 a and 1 b (Prior art). The flexible heat
pi pe includes a sealed outer casing (26) conprising a

pol ypropyl ene |l ayer (28), a first nmetal foil |ayer
(32) attached to the pol ypropyl ene layer (28) by a
first adhesive |ayer (30), a 52second netal foil |ayer

(12) attached to the first netal foil layer 32 by a

second adhesive |ayer 34, and a wi ck layer 24 which

i sdiscosed insilh§. aPaleaki Bbe GAd6,706r ¢lkempale CGogp.) Fheshown in
heat pipe further includes a separation |ayer 18 which

S UPIBURE St hreand @ bwiPeibr bty eTh@ Mlegibhhéditadips Ireclwdeska sealed outer
| ayer 24 stays in close contact with the outer casing
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casl ng-. e separation’layer is realized as a ne

sC e I i Ch. 24|
AT o NBPARME SRey 198 V4 firseblhodtde iByer (30), o
conpri ses Lcro-fipres, each, havi a dianeter 20
R B ata Tl BV (25 gttaSard i By MetSoT ke S8 55 second
powder filled in the wick structure in an anount of 20

t cadrgigeotayend4 andl a wisku tayesf24: whioki iskiosneddising a flexible and
Wil st the flexibility of the lamnated | ayers all ows

i tpdroubenattfialked over and conforns to a device to be

cool ed, contact surfaces between the various 20

| am nate | ayers and the flexible heat pipe may be
affected by the flexible material and configuration,

thus affRehbaohBhiGthdriAchifak LML Byel 18MHhi&) Supports the
Tm a[% wth thi .

sever al ons assocl ate s‘prior art

Firstly it,js difficult to nmake the heat pipe whic

a0tk Bt Surhina 68 vick BT 5 906 PHE0sE BRiat i ape ouer
24 is made of copper felt i} is very difficulf to )
neGafing 6 andiadipwangppour to flow in many directions in the casing. The

separation layer 18 is realized as a mesh screen made of polypropylene. The
wick layer 24 is made of a copper felt material. The copper felt comprises
micro-fibres, each having a diameter of 20 micro inches and a length of 0.2
15 inches, and copper powder filled in the wick structure in an amount of 20 to

60% of the total volume of the wick structure.

Whilst the flexibility of the laminated layers allows it to be affixed over
and conforms to a device to be cooled, contact surfaces between the various
20 laminate layers and the flexible heat pipe may be affected by the flexible

material and configuration, thus affecting effective heat conduction.

There are several limitations associated with this prior art. Firstly it is

difficult to make the heat pipe which has a complex inner structure. Since the




strong contact between the inner surfaces of the outer
casing and the wick layer 24. As such, form ng of

mcro paths in the wick layer 24 is irregular,

causi ng non-uniformcapillary force that drives the

flow This creates high flow 53resi stance whi ch causes

weak capillary force. Accordingly, when the cool ant

actively evaporates around a heat source, the flow of

t hwickdpweir 24 itagwdecefotapier el ithe veny difieult ipmeditain, regular and
heat conductivity varies frompoint to point. Thus,

r estraydy cobtialct bgtvedert tree remtr durfaces enf tevouter casipgaand the wick
Another limtation is the thinness of the copper

f e!'a?er Bue AlsOsGlH, fofrHingy of numn?ém@t I hegwidki iyePRRACK irregular,
10 felt the total thinness of the heat pipe iS limted
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ccording to. Korean Patent Laid-Open Publicatio

RLPSIStarh WBish. CACratEaK CoRbans TSt ARt Folia hen the coolant
conprises an upper plate 200, and a | ower plate 100

di agtyebd eyppeateh aropwpdra hoat esornee, Heviflay &f ghp vapour phase
between the wupper plate 200 and the | ower plate 100,

i ncodiantmaihde aweff. Morbaver, dfeat bendlctivity varias drond@oint to point.
corresponds to an evaporation part Pl and is in

C OTH@S treprdduchbilitp @Atths et randfee deaide isr patf eXnsther bmitation is
further conprises wi ck plates 120 20 di sposed so as to

lt’ethbqhg’in%%Q ot Q@% %gh gé‘f{ fdit. t BBe YRRAFicIY frﬁﬁ%nﬁfacthl%qgu’ithén copper

ower ate 1 o the surface tension of Ii

(83 o BB T S IR Ok M comper

plfaie 120. 4 The liquid coolant circul ates between
t W&''evaporation part Pl and a

FIGURE 2 (Prior Art) illustrates a plate-type heat transfer device
according to Korean Patent Laid-Open Publication Number 10-2004-

15 18107. The heat transfer device comprises an upper plate 200, and a lower
plate 100 disposed under the upper plate 200, having a gap between the
upper plate 200 and the lower plate 100, in which the lower surface of the
lower plate 100 corresponds to an evaporation part P1 and is in contact with a
heat source. The heat transfer device further comprises wick plates 120
20 disposed so as to be in close contact with the upper surface of the lower plate
100 due to the surface tension of liquid coolant, and a spacer plate 110 for

maintaining the distance between the lower plate 100 and the wick plate 120.



condensation part P2. That is, the liquid phase

cool ant continuously flows to the evaporation part Pl

by nmeans of capillary force generated between it and

the | ower plate, enters a vapour phase at the

evaporation part Pl, flows in 4 5 vapour phase toward

t he condensation part P2, and condenses at the

condensati on part P2. The spacer plate 110 serves to

mai nt aitve ligeiddceolant eircblatase batwean toawavapprationigertald and a
the wick plate 120 by using the surface tension
get@ideinsdtide pare2 ofThah &anthd Nquikii shaseccowlant cantinaously flows to
has also |imtations. Mcro machining is needed to

el Adpdk Sich part 1Ry nfR! SPcaplilavg Fatee dePiebfted between it and
i nserted between an upper plate and a | ower plate,
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sever al thick. The device's configuratiop is

3EVARR i BRRSR. COMarth o CORESTRB A PeB o 2nta ] GREdPRSES at the
gaps formed between planar w cks provided in the wick

pl eandenzetion pagaps. Ther sratehdlatechl & prrvap dr npaigtadn the distance
and the lower plate. Since the device incorporates

m betoveshr ihet lovwes, platec H08sarud ithig esick fpdatec bPhdt Usigg the surface
protrusions forned on the |ower plate and the upper

Pl @hSioPrgeritarethdi@eBh df #tiei Cks, in order to form

uni form gaps and to be nounted in the device' confined

20 enclosure, it is difficult to precisely machine

such mcro structures, as the mcro structures are so

0T orthié 6eShE aPPY 8lihad hiss (iRt M meefifing § ieeded to
hatrHelsre do %F@ﬁrﬁg%\@%n AN upper

plate and a lower plate, thus limiting mass production. Accordingly, the

phase cool ant at th evapor ation part, ther
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device’s enclosure can be manufactured no thinner than several mm thick.
The device’s configuration is structured according to the liquid coolant flows in
15 gaps formed between planar wicks provided in the wick plate 120, or gaps
formed between the wick plate 120 and the lower plate. Since the device
incorporates micro structures, such as bridges, for connecting protrusions
formed on the lower plate and the upper plate or connecting planar wicks, in
order to form uniform gaps and to be mounted in the device’ confined
20 enclosure, it is difficult to precisely machine such micro structures, as the
micro structures are so complex and are several millimetres thick. Also, non-
uniform gaps can result in drying out of the liquid phase coolant at the

evaporation part, thereby causing fatal failure of the heat transfer device. In



particul ar, mass production of such mcro structures

is nore difficult since the structure is so nuch

conpl ex and machining errors can occur. FIGURE 3 is an
illustration of third prior art of a flat sheet type

heat 5 transfer device discloged in Korean Unexani ned

Pat ent Application No. 10- 2004-91617. The heat

transfer device shown in FIG 3 conprises an upper
mepaitticplaat mase Procudtionent suehahicpd atract8Bsy isampreediligultgjnce the
support structure 310, and a plurality of thin plates

328radtdre3id30 mdeh REAHIN ARd niMcPhsing erfoensambccur.
structure 310 and the thin plates 320 and 322 being

i nt erposed between the 10 upper plate 300 and the
| ower plate 350. Each of the thin plates has through

 cr o ey %W&gﬁ\ﬁ%@? SR8 Bt 5 L BT S0t Ype hea
scEansler dewicerisdoden mATRE (FHoeEN R e a6 AgRICation No. 10-
enough so that vapour, generated by the vaporization

of 20PAR17. Jdsuheatngamsfendevice Rhowanin 3 8 ommrisesi an upper
contact with the lower surface of the | ower plate 350,

Cc ametal \(HaterBGD, avemtar cadtati plade BB0Na pFassyingssuppong structure 310,
pressure tension structure 310 presses at |east a
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0 and 2 when assenbl ed to the pressure
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patterns in an initi aI state, are forned. The mcro
gapatiersp ihal are rayslielie %S%gg forged py a micromachining process.

The pressuring pressure tension structure 310 is made of a porous material
such as a mesh screen having through holes dense enough so that vapour,
generated by the vaporization of coolant, occurring because the heat source
15 is in contact with the lower surface of the lower plate 350, can move in a

vertical direction.

The pressuring pressure tension structure 310 presses at least a portion

of the parallel patterns of the thin plates 320 and 322 when assembled. Due
20 to the pressure from the pressuring support plate 310, the parallel patterns of
the thin plates 320 and 322 are form close contact with the upper surface of
the lower plate 350, so that micro gaps, smaller than those of the patterns in

an initial state, are formed. The micro gaps form fine coolant passages that



are of fewmcro neters which are difficult to realize
by the processing nethod such as etching or

machi ning. The third prior art has follow ng
l[imtations. As shown in FIG 4a and Fig 5 4b, the
thin netal plate or nmesh is nog wettable or

I i qui d- absor bi ng because of the nature of the
material and its design. This can create repelling of
c ankaritfewtrhiato neatersamsich dry doficulplocneatizan by the pomgissing method
Furthernore, maintaining fine passages are very
didfohcad étcHing dramastidingct uri ng difficul ties,

i ncreasing the cost of manufacturing. Reducing the

t hi ckness of the netal plate or mesh is 10 critical in
reduci ng the thickness of the device and the
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limtations and di sadvant ages, towards which it is now
pribpowtare efsthe meiesishbneitscitisigmt This ¢araereate redadiing of coolant
device conprising at |east an aggregate of fibres or

shiaet cah ddauseednwotithphariemend tpasageBudhermdre| esaintaining fine
capabl e of capillary transport of liquids froma heat

SUHRAgES HraNvd9 dffichradudlits ShRAlfaeRIMBOHIEURRE, Vh&Rasing the
versa; "a supply’of coolant fluid in sufficient anount
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within said confined space and exerting pressure on
sa@RrpligggbeithisePioress t‘ﬁr‘@%‘%‘ﬁ afldagurgfextra cost.

SUMMARY OF DISCLOSURE

15 It would therefore be ideal to have a heat transfer device that
overcomes the above limitations and disadvantages, towards which it is now
proposed, as a general embodiment, a heat transfer device comprising at
least an aggregate of fibres or sheet of fibres with internal passages and
holes capable of capillary transport of liquids from a heat source region to

20 heat dissipation region and vice versa; a supply of coolant fluid in sufficient
amount absorbed or adsorbed by said fibres or sheet of fibres with internal
passages and holes capable of capillary transport of liquids; pressure tension
member (32) comprising a strong yet resilient structure placed within said

confined space and exerting pressure on said aggregate of fibres or sheet of



7 fibres with internal passages and hol es capabl e of
capillary transport of liquids against said heat

source region (30) and/or heat dissipation region,

wherein a plurality of undul ations are provided on

sai d pressure tension nenber; and a casing encl osing
hernetically the aforesaid in a confined space. 5 1n a
first aspect of the invention, the undul ations are

priibred edthanhteatal pessages aaddfoléheapaae of capilerydrahdpestof liquids
di ssipation regions. Alternatively, the undul ations

ar@gé?uﬁﬁ%ﬁ@ﬂehﬂs@ﬁbé@é@ohf(@ohQﬁéi/o‘ﬁ@@é@ﬂls@mﬁtlbﬁaéglon wherein a
di ssi pation regions he aforesaid undul ations are
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pressure. n a spec ment of our 1 nventio
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Erotuberance isin H and |ike-shaped protuberance. 15

n anot her specific enbodi nent, the undul ati ons may be
preferably provided as protru5|ons extending in a

di r ect i lona feshespiécdudfathet invientien, ther fiadelations are |pravided at at
one of the enclosing nmenbers in which protrusions are

priexsidese iof the heat aptifcel iyd heak dissipaitishapgionsol Agemnatively, the
shape i ncluding cylindrical, formed 20 by nachi ni ng,

duMkiory ﬁ?eg r e%?(i! ng t%tw{alehethgr ﬁéﬁs§&§1‘c@rand heat dissipation

co I nation The protrusions’ height are in

ofr%§63 tnﬂ%gfgggg%gﬂnﬁyﬁ%%%reﬁ)%fe%@&?} Ylhgl Z? g%@ngr‘?tuate the

i S
10 exerted pressure.

In a specific embodiment of our invention, the undulations are provided
as laterally extending protuberances. Preferably, the laterally extending
protuberance is in H- and like-shaped protuberance.

15

In another specific embodiment, the undulations may be preferably
provided as protrusions extending in a direction perpendicular to inner surface
of at least one of the enclosing members in which protrusions are provided in
substantially hook-like shape, polygonal shape; including cylindrical, formed

20 by machining, casting, press-moulding or like processes or combination
thereof. The protrusions’ height are in less than 5 mm and are spaced
equidistant in a range of about 0.2 to about 20 mm with a ratio of distance is

at least 7:3 between protrusions to protrusion diameter.




at least 7:3 between protrusions to protrusion
di anet er.

....... In. the. second.aspect of the invention,.the .pressure tgnsibn member is
t he second aspect of the invention, the pressure

t elptiegtedefbal netalsabisolpiens éér@ﬂm&@t gilison,pok Sor inorganic,
ceram cs, silicon, organic or inorganic, stable, does

noéta@l'é' tdo%'%yn&oemrtoényg?érn?rofvﬁé)so‘é? v%‘bfogp‘%adﬂé?ﬁtron temperature

tenperature ranges, does not

t 0B 0%:% fek 'Prréa'?e’i 3y el g Qoo Gnd it is

outlined by the pressure tension nepber % )
ér@rrérgamd/ o mainsanEeTBal PREAGaY Hef mﬁrﬁga ace outlined by the
3-di nensi onal space for vapour conduction. A specific
enfredsutentensfont membarsmay retargblyrfonrsngmeicted pathways forming
provide for 10 an aggregate of fibres or sheet of

f i DrieRemsibhali speeerfat vapagagesuatish.hol es  capabl e of.
capillary transport of |iquids woven onto the pressure
tension nmenber or at |east part thereof so that it is
pressed against the fibres or sheet of fibres with

internaj ?ﬁr@%ﬁb@d&%eﬂ?{agﬁrﬁg&r@ tgﬂsr‘aﬁ%er\wpeyis to provide for

transport stru

| a er Prefer ress tensjaon, 15 nenber is

18 GRS, ¥est O pedh oL EB=o NG ISR Rvidegs and holes
vol urre of not nore than 30% so as to maxi m se

vagriabiataf oparifriyetranspart | diguideoyqiampnto e pressure tension
confi ned space. Yet another aspect of the invention
comesathes or faé leas parittherdof Isoitbatit is2oresbed @aghimst i fibres or sheet
| i qui d-gas phase change of between -40C to 200C
depfefisheaowitio Nntetnfir gssaige sexel hetbsoyapdble esfstamiaydfansport of

t he undul ati ons of the pressure
liquids interwoven into a structural layer. Preferably, the pressure tension
15 member is configured such that its structure occupies minimal volume of not

more than 30% so as to maximise vaporisation space of at least 70% within

the confined space.

Yet another aspect of the invention concerns the coolant which is a

20 fluid having liquid-gas phase change of between —40°C to 200°C depending
on to pressure exerted by at least one of the undulations of the pressure
tension member. It may aiso be preferred to undergo phase change as it is
conducted via capillary action from a heat source region to heat dissipation

region and vice versa through the fibres or sheet of fibres with internal



tension nenber. It may al so be preferred to undergo

phase change as it is conducted via capillary action
froma heat source region to heat dissipation region

and vice versa through the fibres or sheet of fibres

with internal ............... o FS

9 passages and hol es capable of capillary transport

of |iquids and/or 3- dinensional space formed by the
coparaziged pad hinalgs oaphbleedf byapiiteey fpaesmurt eoft Bggidenand/or 3-
menber. 5 Still another aspect of the invention

coffiRImforianesddder smesd SheetheOtonhedie@spathiWaysnbeflinald by the
passages and hol es capabl'e of capillary transport of

noél}létsrg@e] %b%ﬂ rﬁéﬁb@ efer ably fabricated from

nthe I norganic and organic
material s mhlch are stable and non-reactive with other
conmponents of the device such as carbon nano-tube,
with its average ratio of dianmeter to 10 length of a
&t rand Bfill anpthar caspect &f dhenavetias Caﬁ@efﬁﬁeﬂ‘@r?l@@st@ sheet of
absorbent up to 90%of its volune. A preferred
enfitord s it interalneassages andrhddés eapalile off bapidlami ransport of liquids
internal passages and hol es capable of capillary

t rgRRAOATe Pfeféraflaw dsbiedtpd ifeea horpulatallic, 18ysthetict ioeganic and
havi ng at | east one hol |l ow channel tubul ar passage in
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ary Dot O]c I amet er 1 ess .
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di aneters
90% of its volume.

A preferred embodiment of the fibres or sheet cif fibres with internal
passages and holes capable of capillary transport of liquids comprises tubular

15 structures having at least one hollow channel tubular passage in the order of
micro- or nano-meter for intra-fibre capillary flow of coolant with diameter less
than 1.0 mm or at least 10% of the fibre volume and fibre wall thickness less
than 1.0 mm, with cross-sectional area of less than 0.79 mm?. The preferred
aspect ratio is in the range of about 0.01 to 2.0, and the fibres have diameters

20 in the range of about 50um to 5.0 mm.

According to the following embodiment, the fibres are laid to converge

towards the heat source region and diverge out to the heat dissipation region



20 in the range of about 50pmto 5.0 mm According to
the follow ng enbodinent, the fibres are laid to
converge towards the heat source region and diverge
out to the heat dissipation region 10 wherein the
fibres are interwoven to formq@ structural shape wth
each fibre strand spaced at |ess than 500 pm The
casi ng, being yet another aspect of the invention, nay
pretiereabthe fibresoaner ins@svoxenuppfermenstrasiungl srepeewijth each fibre
| ower encl osing nenber, in which conplenentarily

Cl a%fRl sRRdIeAsOhaATS ncl ose a confined space

t herei nbetween in a fluid-proof nmanner; and a casing
conprises a single nenber having an upper encl osing
part and a | ower enclosing part hingedly connected to

each other and conplenentarily closes,upon each other

Co 10" cH saang: BoRe R G aea TR & S NGRSy gy Breferably
fluid-proof manner. It is preferably fabricated from .
PreGOANRYISAF0AN PRSI ST HPSING MBEMBET. alRINeE | endlgadngmember, in which
i norgani c and organic in which has good thernal

c axochpoiemamfanih ecloséh eupomt emcial otbear ftacendiose moronfined space
any formreact with the internal materials such as

t RBekMtiVeeAN® ar fidilrooE ssatrRer! eRdi ancading Coniises a single
while the casing's inner 15 surface area is increased

\%m Qh%\éh .‘f‘]iaﬁ}ﬁhgg?@ luggagla %hél’ogmgghé‘@ AR sl& &5EHAgBAart hingedly

t etching, _ ( I'ning, pressing or
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confi ned space
preferably fabricated from metals, non-porous polymers, ceramics, crystals,
inorganic and organic in which has good thermal conduction, where the
internal surface does not in any form react with the internal materials such as
the coolant and or the pressure tension structure, while-the casing’s inner
15 surface area is increased by providing a plurality of fine channels formed by

wet etching, dry etching, machining, pressing or casting or combinations

thereof, and is resilient to increased internal vapour pressure.

The casing thus defines the device as being not more than 10.0 mm,

20 the casing wall is not more than 5.0 mm thick and the confined space
therewithin is less than 5.0 mm. Preferably, fibres are in contact with an-inner
surface of a casing member for phase transition of the coolant and the fibres
are interposed between the pressure tension structure and inner surface of a

casing member. The fibres are positioned at above and below surfaces of the



therewithin is less than 5.0 mm Preferably, fibres
are in contact wwth an inner surface of a casing
menber for phase transition of the coolant and the
fibres are interposed between the pressure tension
structure and i nner surface of{qa casing nenber. The
fibres are positioned at above and bel ow surfaces of
the 11 pressure tension nmenber at
prpressure-tansioninierhbdr abpreadstireaaddentiiatbd apntamb evithf at 164t one of
heat source region and heat dissipation region. CQur

I rtﬁémeb@ﬁo@ﬂcé%?ioﬁcér@ﬁﬁéa@ig@bm fegfiort.r ansferring
heat from a hea 5 source region to a heat

di ssi pation region the device is al so included; which
conprises steps of providing a plurality of liquid

absor bi and hol dj ng,.neans capabl.e of cabilla
convectParNSE T AR IFTarGe o REBR ToC kpBeBhiEidatdrpm a heat
nmeans are _ag?‘r egated in a formcontacting a heat, ,

s RAUEee regipanoa heakdisaipation degiondhe RGeS [apisgrincluded; which
regi on at another end; supplying coolant fluid in 10

s ufoini jori serst stap® of provididg albslordhigdofliglid abadddind edd wlding means
said fibres or sheet of fibres with internal passages

anshpaplee of CemiiMrg ednviibh! 8f oblamisinad! wiferbinaehids convection
conduit neans; inparting pressure on said fibres or

shgg n%%g% bgggﬁaﬁ%& h al ﬂ?rﬁréb?ﬁaﬁﬁl@fé‘%‘ae%t 38drd29leRfon at one end

capabl ary transport o I qui ds conduit
nmea With, pr.essure t ionj n ] ' Sy
ot & W2 AT aRdTy RaRhs B el Ba, AHEEREP coolant fuid in
tensj oni ng neans; and carryi ng out, af oresaid, ns and
lgt%%ﬁ,c'w %mﬁénkeancﬁagw edrindien adpeioed B, saichipiScoT sheet of
preferably inplemented in a heat transfer device, o
hdres withdnigrmalgpaseages and molasdeanpie af eapititteansport of liquids
device, in thermal contact with a
conduit means; imparting pressure on said fibres or sheet of fibres with
internal passages and holes capable of capillary transport of liquids conduit
means with pressure tensioning means, including providing undulating means
15 on said pressure tensioning means; and carrying out aforesaid means and

steps in a hermetically confined space.

This method is preferably implemented in a heat transfer device, heat-
generating device, including semiconductor device, in thermal contact with a
20 heat transfer device, chipset, circuit board or electronic component having a

heat transfer device and/or appliance or machine.



20 heat transfer device, chipset, circuit board or

el ectroni c conponent having a heat transfer device
and/ or appliance or machine. 12 LIST OF ACCOVPANYI NG
DRAW NGS The drawi ngs |isted below, with the
acconpanyi ng detail ed description that follows, nmay
provi de better and further understandi ng of our
invention as 5 non-limting and exenpl ary

i 11165t ORACOOMPANY NG BRAWINGS erred enbodi nents in
which: FIGURE 1 (Prior art) conprising FIGJURE | a and
FIGURE 1b respectively illustrate a perspective view
and schematic cross-sectional view to of US-6,446, 706

wher ei o) i [ i i Hexi it

o nat o SERYinds REBHEIGH, itk ' LhcRBRAling BeldiBd dRtription

disa nbl ed view of a.plate_or, flat:-type . he . .

¢ 1AL RIS e B s 2d e riBRe g pur invention as

éUnexam’, ned Publication); 15 FIGURE 3 (Prior art) .
|narstimiingsangd exersplay Biystiatien of sSrerditer pisfarred gmbodiments in

flat-type heat transfer device according to

KRyHAi@h2004- 91617 (Lai d-open Application); FlIGURE 4

(Prior art) conprising FIGURE 4a and FI GURE 4b

respectively show conparative photographs of water
adsorption and 20 absorption characteristics between

'F?Béef Bﬁﬂ%tﬁﬁé hayBrioP22rtPf cdrhiridihd CEIGURE ORY1 &% | AIGURE 1b
respectively illustrate a perspective view and schematic cross-sectional view

10 of US-6,446,706 wherein a heat pipe configuration disposed in flexible
laminate layers;

FIGURE 2 (Prior art) shows a disassembled view of a plate or flat-type
heat transfer device according to KR-10-2004-0018107 (Unexamined
Publication);

15 FIGURE 3 (Prior art) illustrates a dissembled view of another plate or
flat-type heat transfer device according to KR-10-2004-81617 (Laid-open
Application);

FIGURE 4 (Prior art) comprising FIGURE 4a and FIGURE 4b
respectively show comparative photographs of water adsorption and

20 absorption characteristics between layer 320 and layer 322 of the prior art
device in FIG. 3;

FIGURE 5 comprising FIGURE 5a and FIGURE 5b respectively show

the state of wettability of the non-metallic fibre sheet according to the present

invention before and after lapse of one second;



FI GURE 5 conprising FI GURE 5a and FI GURE 5b

respectively show the state of wettability of the
non-nmetallic fibre sheet according to the present

i nvention before and after | apse of one second;
............................. 13-+ v 13

FI GURE 6 conprising FI GURE 6a and FlI GURE 6b show
unassenbl ed views of the first and second enbodi nents

of our FIBEREI ®oomBHEUBE IGUREa and §IGFURBHRED shoandtassembled
FI GURE 7b show cross sectional views of the first

enpiedisaTMhe first BhEse@dind enftiddiitents semTihsdmanf GURE 8a
and FI GURE 8b show respective unassenbled views of

|Hr11\e/‘etn?: oﬁaegﬁwRE%é{bcoﬁf?@%% %%REE& r@gg@t i shgw cross
o SeBRER VRS SR T AT R MBI Z8d 10 wher eiv'ne“s
FIG 9c_and 9d show alternative enbodi ments of th

Br ot r usF ErdREFS qomppriaing |AIG4 e &as aa@@@é&%tﬁ\&b shewafaspective

and cross sectional view of a casing nenber forned

wi tihagdeneblethaviewssobrihé tthirdnasd fourthaembodirae®E of the present
shows a perspective view with an open end of a tubul ar
shigpentgodi nent of the device according to the

i nvention; 15 FI GURE 12 shows a cross sectional view

of the ar r?d“F@@ e oaf obl ah FIG. 9
opened E@yhsh%ﬁa dont| gur aH on; gél' &%Rgclé%cggprl Selr%zg :

F %Jénglg%v?%qogs %&Enjai)’?/[ewé Pﬁ]ié %r% Sﬂw%odlment in FIG. 8a, and

10 wherein FIG. 9¢ and 9d show alternative embodiments of the protrusions;

FIGURE 10 illustrates perspective, detail and cross sectional view of a
casing member formed with fine channels on its inner surface;

FIGURE 11 shows a perspective view with an open end of a tubular
shape embodiment of the device according to the invention;

15 FIGURE 12 shows a cross sectional view of the tubular shape
embodiment of FIG. 11 in an opened clam-shell configuration;

FIGURE 13 comprising FIGURE 13a and FIGURE 13b, illustrate end
view of cross sections of two embodiments of the fibres or sheet of fibres with
internal passages and holes capable of capillary transport of liquids used in

20 our invention, respectively showing duo tubular passage in a schematic
drawing and quad tubular passages in a scanning electron microscope

photograph;



view of cross sections of two enbodi nents of the

fibres or sheet of fibres with internal passages and

hol es capable of capillary transport of |iquids used

in 20 our invention, respectively show ng duo tubul ar
passage in a schematic draw mg and quad tubul ar

passages in a scanning el ectron m croscope

phot ograph; 14 FIGURE 14 conprising FI GURE 14a and

FI GURE HI@1)REedictcosmaisma gF kS REr drtam andoElGeRE  14b, depict
phot ographs of a fibre strand having a single tubular

P aSAeth e@c%naﬁw%@ﬁgp@ otbhRIpRS ¢S IRes iswehy. hdving a single
DETAI LEE?a DESCRI PTI ON PQRF[’EFEEEREEQ EVMBODI MENTS The d J

ef i | @ ¢ rial used in
outEJ %%6??555'@%%{‘%%“?3@3%@?% é@“%gy%s%ﬁ%?ﬁ%y-i n Fl GURE
5a the dry non-netallic fibre 10 sheet and the
wettability state of the fibre sheet having been
contacted wth liquid after the | apse of about one
8econd as shown in FIGURE 5b. FI GURES 6a, 6b, 7a and
7b shall now be referred collectively. The typica
geDETAIL EDRES GRIFRTICN CePREFRERREDIOMEBICHYIMIN 68

i nvention should 15 conprise of the followng 3 parts
or conponents contained in a casing (50) which
substantially defines the external dinensions of the

devi Ce-TrTéﬂ%fféeﬁ}e%sFe&q BSASHAINE Wehrfaga! h¥tdrae 188418 ofr device

conmponents in a confined space therein. The
o ey ife. EERARERIed By FheffEe TR 1836 et Y R Rl Gbrattc fore

bl f il t i qui,ds, )
18a§haeet%n% th%av%ttagi[i& stgtaéngP 81ret figrfe lsi%eclal%lhdasvmg been contacted with

liquid after the lapse of about one second as shown in FIGURE 5b.

FIGURES 6a, 6b, 7a and 7b shall now be referred collectively. The

typical general embodiment of the device according to our invention should

15 comprise of the following 3 parts or components contained in a casing (50)
which substantially defines the external dimensions of the device. The casing

encloses hermetically the parts or components in a confined space therein.

The first part or component is an aggregate of fibres or sheet of fibres

20 (60) with internal passages and holes capable of capillary transport of liquids.
By “aggregate” we mean to include any suitable structure, form, shape or
pattern of the fibres which may be aggregated, woven, spun or like physical

freatment.



By "aggregate" we nmean to include any suitable

structure, form shape or pattern of the fibres which

may be aggregated, woven, spun or |ike physical

treatnment. 15 The fibres have properties for

capil lary convection of fluid,qg ncludi ng cool ant

fluid. This capillary property of the fibre would be
necessary for the convection of coolant fluid froma

heat solie dibreegihane tpropetieat fodi capillzay iconvectegi of flaid including
vice versa. It should be noted that the heat source or

di g |t ARa. STHi® @bpManapparly @faﬂhbyfgts?@m@u[aq)@aétéss@rry for the
ends of the device or ‘casing, such as top (51) and

bo(é&rf?/é]igléi%)of éarﬁelfu G’ffac;rﬁ%ts 'égHec?égg% idh t?s%rh%)é't Wdsipation

h h d he h
sdabid G e lsa 1o é%lﬂﬁéq aﬂ%ﬂéaﬁﬁhﬂmﬁ%atﬁ%@fgéeé glpsipation
conmponent of our device is a sup of coolant fluid

b rregiyst 216i WRICalynoRRPSING Rats Qr aﬁ@%%é&ﬁ geviga ragsinpypuch as
the fibres or sheet of fibres with internal passages
artdph(6l @ andapettone (52) sani@ddsaoiyther casimm(E0)ofor d pupxirdsl end (54)
This is achieved by neans of cavities forned by the

PasRhdRsaloat (5O estiw thsingt(Be) fsobihas zothepimaegradient may exist
fibres. 15 The third conponent of our device is a

Prsswideh tﬁ@ﬂ%b??ﬁ)%gbﬁfd théPe At Whislatibs rQ@%‘nCéﬂ ly a

strong yet resilient piece of structure.
configured to nmaintain internal space of the casi ng
to support it fromcollapsing or inploding due to

t f dye to .d
18;& g Eﬁh%:sgggﬁé Z:o%hpn%rn “of our device is eaC%SSS@ otncoolant fluid in

sufficient amount which is absorbed or adsorbed by the fibres or sheet of
fibres with internal passages and holes capable of capillary transport of
liquids. This is achieved by means of cavities formed by the passages and
holes within the fibres or sheet of fibres.
15

The third component of our device is a pressure tension member (70)
which is basically a strong yet resilient piece of structure. It is configured to
maintain internal space of the casing to support it from collapsing or imploding
due to external pressure or force or due to decrease in infernal pressure due

20 to excessive coolant vapourisation, etc.

The pressure tension member (70) is placed within the confined space
of the casing (50) and is placed to exert pressure on the aggregate of fibres or

sheet of fibres (60) with internal passages and holes capable of capillary



20 to excessive cool ant vapourisation, etc. The

pressure tension nmenber (70) is placed within the

confined space of the casing (50) and is placed to

exert pressure on the aggregate of fibres or sheet of
fibres (60) with internal passgges and hol es capabl e

of capillary 16 transport of |iquids against said

heat source region, for illustrative purposes is

| rtedrspoetdofdruidicagainxt seid heat sofircehegions farglli¢sirbtive purposes is
and/ or heat dissipation region which is

i |hé!%bfé&t éé’ ey pr‘o&ﬁh&laérﬁ:ﬂoﬁﬁetdé%n‘gjf @43 lan@/¥ Hefat HRBipation region

casing (56). 5 A unique feature odr pressure

uﬁgﬁ};ﬂ"s HEEP%@ &W %xéeﬁe& Bg‘ﬂaéon %xﬁre?ld' dthe Yasin (86)., -

at1ons he "pressure tens
menber (70). The undul ations (80) may preferably be
provi ded at one or both of the heat source (54) and
heat di ssipation regions (56), bearing in mnd th
bhe redh snfUedpatuie o6 oye PreRsUsp oy Mendear (781 1S tba; a plurality
of the casing (50). 10 The undul ati ons may al so be
prafvirtkdativeton3) isheohidat cothne presgireriengidd, mmpearfdd). The
the heat dissipating region (76, 56), such as that

S h.ﬂ%ﬁjIéﬂbnsﬁB@fR%y%e@a@iyft@\bﬂfwmat%r$é 8t bt frtHe iHeRs source
(82) linking the two regions. 15 Wiile the undul ati ons

it E’%QM'*%%? hf%ﬁ '*%9?“; &?@C%?Ek‘ﬁ%?%@“@dsﬁé. HRelogigns may
LI f
5 88 a8 Bopariy e e anudl e & ern (1 n
contrast with the prior art's un| form pressure

l@xerted), 2 specific types of undulations are further

descri bed hereinafter although many ot her
The undulations may also be provided between the heat source region

(74, 54) and the heat dissipating region (76, 56), such as that shown in

FIGURE 6b as a row of equidistal protrusions (82} linking the two regions.

15 While the undulations are provided to essentially accentuate the
pressure exerted on the fibres or sheet of fibres with internal passages and
holes capable of capillary transport of liquids according to the undulation
pattern (in contrast with the prior art's uniform pressure exerted), 2 specific
types of undulations are further described hereinafter although many other

20 types may be derived from these two fypes.

The first type may described as laterally extending protuberances (84)
which in FIGURE 6b are shown as a plurality lateral rib extensions from the

sides of the pressure tension member (70) in a symmetrical arrangement.



20 types may be derived fromthese two types. The

first type nay described as laterally extendi ng

pr ot uberances (84) which in FIGJRE 6b are shown as a
plurality lateral rib extensions fromthe sides of

the pressure tension nmenber (7 in a symetrical
arrangenent. 1 7 Depending on the configuration of the

heat transfer device the undulations distribution and

t hBepesdigy o thdreopfigastion dfethel neatneabhsfer dé0jcentye bredulations
symetrical or asymmetrical. The rib extensions may be

Se(%trmlbhswqﬁe cﬂ’és%h”tﬁft%%?es(sﬁfé téﬁ\ssénqﬂeﬁwr{%) may be
he rib extensions may al so be provided 5 to extend

f h

Rl 6 IR T8 tbs%hé‘?ﬁ%ﬁ# PR3yeR,as H-shaped
Y BRAgTaRreR (0B Aee 8rBags oo o BN 5smBPRR Snprovided
aggregate or |ayer of fibres or sheet of fibres with
|5n110e$¥1‘-§r1d deess doe enga dnabskewe hphihieepiessuEalsinsiosy fnember (70) in
transport of liquids, an undul ati ng pressure may be

cr additon oo itshengiﬂifﬁirhéaiks‘i@ss fadlidhoisi stipwrin evitinithe! arotuiresances (84).
The second type of undul ation may be described as

Pr@fifhUgiP PiSsHabed prefiisdtanéss B Vpreeideticate)s i@ sbIdw e aggregate

the top or bottom surface of the pressure tension

meghe eﬁgfll%brbg sREE %%c 1erﬁ~ﬁ£tda%§ﬁg Qéné h%?e% &4bable of

havi n rec angu or plate s

per iy %&1 of BibifeBa el g e bl %gagfg?% created on the

t ensi on ne For a tubul ar, polygonal or
1@yﬁ@ﬁ§ﬁ@%%M”@é@$H@ WREPBSt he conmponents nay be | aid
to follow the casing's inner surface curvature, the
protrusions nay be

The second type of undulation may be described as protrusions (82)
which are provided to extend from the top or bottom surface of the pressure
tension member (70) in a perpendicular direction. For a casing having a

15 rectangular block or plate shape, the protrusions (82) may be provided as
extending perpendicularly from the surface of the pressure tension member.
For a tubular, polygonal or cylindrical casing where the components may be
laid to follow the casing's inner surface curvature, the protrusions may be
provided to extend in a direction that is perpendicular to the inner surface of

20 the casing.

A preferred embodiment of the protrusion (82) is a substantially hook-
like shape as shown in the drawings. Other alternative shapes of the

protrusion include polygonal shape, including cylindrical-like protrusions. All



provided to extend in a direction that is
perpendi cular to the inner surface of 20 the casing.
A preferred enbodi mrent of the protrusion (82) is a

substantially hook- |ike shape as shown in the
draw ngs. Ot her alternative shgpes of the protrusion
i ncl ude pol ygonal shape, including cylindrical-like

protrusions. Al 18 these protrusions nmay preferably
bethtee nrdirbyionaahiani preferablyt badormee sy mamhidnggcasting, press-
| i ke processes or conbination thereof. The hook-1ike

PrabuksidBr Jiké PFoc%88R |of .cofindforf Blefésmat Bite Bok-like protrusion,
noul d- pressing the appropriate part of the pressure

or 0] SPABFyP Ry Op (AR RE 0 ol fregBithe porpprate pert of the

are preferabl | aced equidistantly with each other in
a Qrggﬁyére(}pnsgﬁdﬁ?mgg@ to about 20 nm The ratio of

di stance between protrusions to protrusion dianeter

Ps preferably 7:3. 10 The pressure tension nmenber (70)

may preferably be fabricated from netals, polyners,

cer am ¢Bhe prdtresion’s dreggirti is pefdrablydass thambemimalagd each of the
stable such that it does not emt any formof gas or

Vapetisian Qiiestéfmle Phcetiedqpadiatanto Wit geghostheed a range of
of f and non-reactive with coolant. 15 While all the

SMT%SLHQ@EhFU &bBuf PPVrihe THebFfD 8F F&8REte WetivbBRSrotrusions to
protrusion diameter is preferably 7:3.
10
The pressure tension member (70) may preferably be fabricated from
metals, polymers, ceramics, silicon, organic or inorganic materials, stable
such that it does not emit any form of gas or vapour at given working
temperature ranges or peal off and non-reactive with coolant.
15
While all the drawings herein show the fibres or sheet of fibres with
internal passages and holes capable of capillary transport of liquids being
aggregated, woven or spun into a separate layer (60) which conforms to the
pressure tension member (70) or casing so that at least part of the pressure
20 tension member (70) is pressed against the fibres or sheet of fibres with
internal passages and holes capable of capillary transport of liquids which
have been interwoven into a structural layer (60), as shown in various
configurations FIGURES 6a — 9b, 11 and 12, it is also possible for the fibres

to be woven onto the pressure tension member with a certain thickness of the



i nternal passages and hol es capable of capillary
transport of liquids being aggregated, woven or spun
into a separate | ayer (60) which confornms to the
pressure tension nmenber (70) or casing so that at

| east part of the pressure 20 4gnsion nenber (70) is
pressed against the fibres or sheet of fibres with

i nt ernal passages and hol es capable of capillary

t r fimeposverialying the dadwhtiohs, inavibebpetubarbrce®@4) onpootrusions
a structural layer (60), as shown in various

COfH2) 94t Bt @BEemtlAddESTe83ure BBy slift bantkekdd drf theiRées.0
possible for the fibres to be woven onto the pressure
tension nenber with a certain thickness of the 19
fibres overlaying the undul ations, i.e. the

pr ot uberances (84) or. protrusi 82 sq .t hat

accent Uiﬁ%@r%%sggg (s W%‘PB?W 8@3 rgéyélp%%‘ rag)rly Eﬁeconﬁgured such
fibres. The pressure tension nenber (70) may o

or bré thpigiabelemefofgis daduenocaypigtaminimal velugre pefupied in the
of its structure occupies mninmal volune occupied in

t heasio@sind ghas thebdmiseneaponizatio apace withindhesqadised space of the
within the confined space of the casing. Accordingly,

t ocAEd.M ABcdrafhgh, e®s Hidkirh RS tHNibesRes tteAsiBnitly bbRions of the
menber, the rib extensions' |ayout may be nmaxi m sed at

r eQefiber ﬁbtéﬁe?éf{)ﬁsc’slél?@utsr“%gl% Pr%xﬂ’ﬁ%%gt én{g#@gorns where the

such as the part of the pressure tension 1

74 ' 54 t heat ' t ,
(TesSis Sh08 6 HecBfrdd nalie LR b BipliPtonsion
beser(7) PeBrona (bPby eripeihest SPATI, PP Cesponding
accordingly as shown in FIG 6a and 6b. The_ space .
oclaits eavasythehdegi edissipation eiegianh (A8nthé). shidid doressure tension

preferably be limted to not nore than 30% of the
t omaimber’s structure in between the regions (78) may preferably be minimised

accordingly as shown in FIG. 6a and 6b. The space occupied by the pressure
tension member should preferably be limited to not more than 30% of the total
15 volume of the confined space so that more void or empty space is available
for the coolant to evaporate. The void may be advantageously formed as
connected 3 dimensional passage ways for vapour conduction, condensation

or coolant liquid's evaporation according to the heat regions.

20 An ideal coolant for our device would be a fluid having liquid-gas phase
transition that is in the range of —40°C to 200°C. As with most fluids, the
evaporation and condensation points would be subject to pressure. Our
present device may provide 2 types of pressure, namely the accentuate

pressure exerted by the undulations and, due to the 3-dimensional void



15 vol une of the confined space so that nore void or

enpty space is available for the coolant to

evaporate. The void may be advantageously forned as
connected 3 di mensi onal passage ways for vapour

conduction, condensation or c¢golant liquid s

evaporation according to the heat regions. 20 An idea

cool ant for our device would be a fluid having

| i pasisdggawaphastevork raxesieti by theatonfguratibmeofr angeatibns of the
--40C to 200C. As with nost fluids, the evaporation

artﬂ'e§§.|rr@%ﬁ§bh PRePBER WvapHaH b%s@@réﬁr@slﬁé tfron® tHY 8®SUheof coolant
Qur present device may provide 2 types of pressure

R4 SRS CORI Pl BB RRE PP gk g e coolat
Bt L Wl AR e Bl v 1o
pressure arising fromthe anount of cool ant

ewdpRihat adlead Qﬂﬁbmi:@ﬁf)nﬁ%‘éf-eg PASEATDEHEARR HPrepsyrggradient may
anount of the coolant in gas phase, the tenperature

ofartsieebateicénahd heat soercef reghom pas bagedisaipation eegion. This might
whet her a dead end or a connected passage, a vapour

Prasssinge ppoadingd siRabledth§e dPeémpertliiReane dressume ¢or effecting
regi on and heat dissipation regl on. This mght assist

| npgr ﬁ\é‘sﬁ?@gpﬁ??ecﬁéﬁslﬁoﬁﬁe desr - gﬂ%ﬁg afdtr @@ ficient thermal

pressure or e ting se transitions
of t oolant for an efficient thernal conducti on.
1dpﬂd@8 et e cycle of the coolant's transition within
the device may be described as follows. The cool ant
91 uid at the heat source region (64) will

A complete cycle of the coolant’s transition within the device may be
described as follows. The coolant fluid at the heat source region (64) will
absorb heat until sufficient entropic energy to change phase and evaporates.
The coolant vapour spreads out through the void of the confined space in the

15 casing as defined by the pressure tension member's configuration of
protrusions (82) and protuberances (84). The further the vapour is from the
heat source region, the lower is the temperature according to the thermal

gradient.

20 At the heat dissipation region, the temperature is the lowest where,
with less entropy, the vapour tends to be denser resulting in increased vapour
pressure, thus favouring the condensation of the coolant vapour back to liquid

phase. The coolant liquid is adsorbed and absorbed by the fibres or sheet of



absorb heat until sufficient entropic energy to change
phase and evaporates. The cool ant vapour spreads out

t hrough the void of the confined space in the 15

casing as defined by the pressure tension nenber's
configuration of protrusions 482) and protuberances

(84). The further the vapour is fromthe heat source
region, the lower is the tenperature according to the

t hitresl witlgiatdirentpasdgés dndehdlestant shapadiican visegamittary action
the temperature is the | owest where, wth less

enthFQUh thebrédBask td fiSedtGoRfcdlRiyReH. resul ting in

i ncreased vapour pressure, thus favouring the
condensation of the cool ant vapour back to |iquid
phase. The coolant liquid is adsorbed and absorbed by

the fihres gr sheet o 1 fibres with_ internal L
passag gto Al @é‘cﬁn{fséﬁaﬁiﬁ%l “fbéasv‘?ra spasi (of afl'atﬂfeﬁc‘f"lt% ninternal
t hrough the fibres back to the heat source_region. To
Acpasspees i halaes capatde fafeandllasy tsansporiopf figuidssargi preferably
internal 5 passages and hol es capable of capillary

t rfabspatet] fofmricqumesalie, esypthedtier atorgani€ aimdi argiait metanals which
non-netallic, synthetic, inorganic and organic

medrer stabfe, WeshnoREmitSaaPferm dFasasnel vapblr andl pedlnefdht given
gas or vapour and peal off at given operating
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hol | ow t ubul ar passage therein in the order of mcro- _
ormatatials, the tubular structure of the fibres may be industrially produced with

one or more hollow tubular passage therein in the order of micro- or nano-

metre for effective intra-fibre capillary flow of the coolant in liquid phase.

15 On the physical dimensions of the fibres or sheet of fibres with internal
passages and holes capable of capillary transport of liquids, the average ratio
of diameter to length of each strand of fibre is preferable less than 0.05. The
ideal fibres or sheet of fibres with internal passages and holes would be one
that can absorb or contain up to 90% of its volume. A preferred tubular

20 passage diameter is less than 1.0 mm with a cross-sectional area of less than
0.79 mm?. The tubular passage should ideally occupy at least 10% of the
fibre volume and the fibre wall thickness should be less than 1.0 mm. Overall,

the fibres or sheet of fibres with internal passages and holes capable of



metre for effective intra-fibre capillary flow of the
coolant in liquid phase. 15 On the physical dinensions
of the fibres or sheet of fibres with interna

passages and hol es capable of capillary transport of
l'iquids, the average ratio ofpsgianmeter to | ength of
each strand of fibre is preferable | ess than 0.05. The
ideal fibres or sheet of fibres with internal passages
ancagitdrgsramspbe didiqoide idédlatiamateralse irbther raggatofiaboup50 um to
to 90% of its volunme. A preferred tubular 20 passage
digmeher is less than 1.0 mfmwith a cross-sectiona
area of less than 0.79 mm2. The tubul ar passage
shoul d ideally occupy at l|east 10% of the fibre
volunme and the fibre wall thickness should be I|ess

(P01 S O ek, LLBCES 20 BOGCL T LRSS o e

capillary transport of |iquids ideal,dianeters are in
Bheropasgetiarial germusd beresotham. D5mm” Witk thfepspeddfratinkeing less
channel s nust be | ess than 500 mcroneters and the 5

cribes Zeahdarebteartiesn M0t be [ess than 2.5Mm2 with the
aspect ratio being less than 2.0 and greater than

0.01. The fibres or sheet of fibres with internal

passages and hol es capable of capillary transport of

| qui dsypRyHRes ?ﬁgﬁg&a&%rég wHRY ingéiejﬂéf‘%%a:ﬁ% ﬁ(rﬁi h81e] capable

10 a structure that may range in oose to

C P SR LT e e SH0 Ao 0 AaRB o BRI A 5t Bl gy to form
al i gni n% or sinply grown and the |ike so that the
191 3 HEHCTHe thatpMsy EaNgs i Aansiyi e Ieasey iq Raskad ioan.  The

source region to a heat dissipation
aggregation may be achieved by a suitable treatment such as weaving,

spinning, laying, aligning or simply grown and the like so that the strands of
fibres are laid longitudinally from a heat source region to a heat dissipation
region. For example, the fibres may be interwoven to form a structural shape
15 with each fibre strand spaced at less than 500 pm. With such close proximity
of the strands together, in addition to the intra-strand capillary action through
the hollow tubular passage inside each fibre when the coolant fluid is
absorbed or contained thereinto, the adsorption and containment of the
coolant fluid on the external fibre strand surface may also be promote inter-
20 fibre or inter-strand capillary action of closely placed adjacent fibres as a

result of the adsorption or affinity of the fibres’ surfaces for the coolant fluid.

It is preferred that the fibres are laid in a manner that converge towards

the heat source region and diverge out to the heat dissipation region.



regi on. For exanple, the fibres may be interwoven to
forma structural shape 15 with each fibre strand
spaced at | ess than 500 pm Wth such close proximty
of the strands together, in addition to the
intra-strand capillary action 2dhrough the holl ow

t ubul ar passage inside each fibre when the cool ant
fluid is absorbed or contained thereinto, the

adsor ption and contai nment of the coolant fluid on
the external fibre strand surface nmay al so be pronote

i nter 2@/Henbblr Healt kRistet aVEeC aphich aspedlid icpbdfiment shown
closely placed adjacent fibres as a result of the
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manner t hat converge ds ..t he

softe dteBaalcireanach e face erebd R CRelpnGl 5@%05{ of fjauids, is

region. 23 Wen our heat transfer device

spRssenmtlied Asorhawhin stasarsastianalevievdn .@L%Fﬁlé"fae%nd FIGURE 7b,

includes a single layer of fibres or sheet of fibres

( 6ihe prassureitansipnanephses Gy ds alader dies thm|eabr of tipres or sheet of

capillary transport of liquids, is 5 assenbled as

shmmsl(aopmsnsaeﬁ&u seEtaget emd holek @dpabkachogdpifaURinsport of
the pressure tension nenber (70) is placed atop

higyJidY ®hth Whe Idvidiras g%ﬁﬁé Pétrusfiérbéf @2? QQSéﬂ' adhinst the fibres

|nt rnal passages an apab e o lary

po
us:ﬂé E)r()gﬁ')g%é @deé gl nséeé)q\ﬁ tﬁ%rg?o é E?elrﬁt ribs or
rotr si ons o |d in addltlon to

Baﬁereﬁ ranges G 8 BB Bireisiys 478 pﬁ%\"f’?‘?c’f‘l"%‘? the lateral
the protrusions are provided atop the |ateral
of PlgRe @ mﬂmtuh@@@ces4ﬁ4) Th-EhﬁbrRﬁPVU%lPBﬁs(S?M'PerefOfe form the
therefore formthe pressure points against the | ayer
of preisburespointssagainstothef laperesf {il@es oxisheet of fibred (60) with internal

passages and holes capable of capillary transport of liquids.

15 The protrusions (82) may also be provided to project out from the
bottom surface of the pressure tension member (70) as shown in cross
sectional view in FIGURE 7a and 7b. With the sole layer of fibres or sheet of
fibres (60) with internal passages and holes capable of capillary transport of
liquids being placed at below the pressure tension member (70), the lower

20 protrusions (82) thus forms the pressure points against the fibres or sheet of
fibres (60) with internal passages and holes capable of capillary transport of

liquids.



passages and hol es capable of capillary transport of
liquids. 15 The protrusions (82) nmay al so be provi ded

to project out fromthe bottom surface of the

pressure tension nmenber (70) as shown in cross

sectional viewin FIGJRE 7a anmgh 7b. Wth the sole

| ayer of fibres or sheet of fibres (60) with interna
passages and hol es capable of capillary transport of

| i qui dsTheidigiriplibore df dhe mbtusiche (B2essay aelscebsi provided in the
menber (70), the |l ower 20 protrusions (82) thus forns

t h@oBf a8gaktBgReld nardRi tBHedt RRNUUBI®S O FIGe6h, Be protrusions
fibres (60) with internal passages and hol es capabl e
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ution protrusi ons

provided in the t _adyant agepus nner.to at .
PRI recln T8 o YR NE Hii o R Boi b this patter of
shown_provided in a concentrated manner, in two
PegishiRstionates yitrae omseheet ofirfitues oithinterng! pAgsages and are
heat dissipation region (74). In this pattern of 5

di presked it dme heaksdurbe asgion termeaxinise sudaes anta hontact and thus
i nternal passages and are pressed at the heat source

r egiaRimite oaxdudtion ofiriexteframedhe andaactoaed tdhuBe fibres to be
maxi m se conducti on of heat fromthe heat source to

t heofdURi&S alvayPeat SRS GdsiB¥aYn reggﬂoﬁ,hﬁmehﬁ’@f%s or sheet of fibres

di ssi pation région, the fibres or eet of fibres

or it UG b2 SRRRRI R SRk Bie R, FRAEE: PRE PGS (82) wi
iy Beadisd i eunaat tea Sopael Ho benaiRe eotandelia st from
of protrusions (82) distributionis showm in FIG 6b

the fibres to the heat dissipation region.

Another example of protrusions (82) distribution is shown in FIG. 6b
wherein the protrusions (82) are provided in a line linking the heat source
15 region (74) and the heat dissipation region (76) so that the fibres or sheet of
fibres with internal passages and in between or that linking the two regions
are pressed against the pressure points of the pressure tension member for
more surface area contact and thus more efficient conduction of heat between
the two regions.
20
In another embodiment of our device, it is possible to provide multiple
layers of fibres or sheet of fibres (60a, 60b) with internal passages and holes
capable of capillary transport of liquids, i.e. one on each of the top and bottom

surfaces of the pressure tension member (70) as shown collectively in



wherein the protrusions (82) are provided in a |line

linking the heat source 15 region (74) and the heat

di ssipation region (76) so that the fibres or sheet of
fibres with internal passages and in between or that
l'inking the two regions are pmessed agai nst the

pressure points of the pressure tension nenber for

nore surface area contact and thus nore efficient
cAfiBURESBapBbheatariledme®he prokusions (8 prosided Gblove and below
anot her enbodi nent of our device, it is possible to

prtﬁé'ﬁ@sﬂbttéﬁélén rhémBEs (1) tbi dHchSpreks %lgﬁﬁ‘fst e DbEéﬁ@Oa) and
(6 60b) with internal passages and holes capabl
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surface ressure tensi
rrber | ective
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beI ow the pressure tension nenber (70) to each ress
5@&1@@%@%@#1 the@rposing sideset theaasing (50a; 80
anticipated that such configuration would be

advant ageous for a heat transfer device which is
configured with the heat source and heat 5 dissipation

r egi ONFIGURIES 92naes D8 $hdwdgiffefint ilg/sadshaking 0gressure tension
5Db). FI GURES 9c and 9d show different ways of making

a r
U RERY eTHe Priég‘%ﬂg B nqétﬁt YrGeturd'® rﬁ’l%@égrkﬂaﬁ th @éhﬂ!‘matenal as

structure I'S sanme material as bres or
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18 1e20R gy Wenspes S5 iy nisesniby fiansorr i 6Fir RaC By Eiher adding
pressing fibres or

separate sheet of fibres atop one another or conforming by pressing fibres or

sheet of fibres to the configuration or machining out from a thick sheet of

fibres to configuration or combination of it.

15 With reference to the inner surfaces of the casing, it is preferable that
the lower casing member's inner is provided with longitudinal ribs (55) as
shown in FIGS 6a, 6b, 8a, 8b. Alternatively, a plurality of fine channels (57) is
provided as shown in FIGURE 10. These fine channels (57) may be formed
by wet etching, dry etching, machining, pressing or casting or combinations

20 thereof.

The longitudinal ribs (55) provide the pressure points in the same way
as the pressure tension member's undulations while at the same time

increases surface for heat conduction. The fine channels (57) will also



sheet of fibres to the configuration or machi ning out
froma thick sheet of fibres to configuration or
conbination of it. 15 Wth reference to the inner
surfaces of the casing, it is preferable that the

| ower casing nenber's inner ipgrovided wth

| ongitudinal ribs (55) as shown in FIGS 6a, 6b, 8a,
8b. Alternatively, a plurality of fine channels (57)

I spropidevard pdresseshawfadenarebGoRRedOconthesion fwhile at the same time
channel s (57) nmay be formed by wet etching, dry

et chi g, L4y [ or casting or
Co%}/iﬁ%@ﬁﬁ%%d%éﬂ?&ﬁ&ﬂ%ﬁ?b% | ongi tudi nal ribs (55)

provide the pressure points in the sane way as the
pressure tension nmenber's undul ations while at the

same tine. increases surface for at _con ion. Th

fne cHiieids @eneraly aonsetes diatlfe epERELH) pEPWRLER ransfer
surface area for heat conduction while at the sane

fi davicerrenild eComprise cark aderc 8priopingy mermben (S4¢) 1aadi @ lower
is generally considered that the casing (50) of our
hesricldsiagshembeb (@) ehickoobmpEmnentasky doseppgon each other to
encl osi ng nenber (50a) and a | ower encl osing nmenber

( EHDIosthi £ hediFimele BBAEAT iHeYeifl BEBFeaPOR eagiiddpiRi tn@dnner or
encl ose a confined space therein between in a

f 1 - s ; Aher al | P ;
o Eetsteafl ICRORRE issidig b0 hr o dasidy Anich comprises of 2
si ngl e nenber having an upper  encl osin rt :
2 0, MG AN < B b g bR i@l Shoiosing
each ot her by a hinge portion (58) runnin | engt hwi se .
18tParh £2nShiRgedlyONISEEd neRefs PHiP gt 2 f(*%@%)oog?w {58) running
| ower encl osi ng ‘
lengthwise of the casing. The upper enclosing part (53a) and lower enclosing
part (53b) and complementarily closes upon each other to enclose a confined
space therein between in a fluid-proof manner as shown in FIGURE 11 in a

closed tubular shape, and FIGURE 12 showing the tubular casing opened in

15 clam-shell and hinge configuration.

The casing may be fabricated from metals, non-porous polymers,
ceramics, crystalline, inorganic or organic materials having good thermal
conduction, or composites therefrom. Preferably, the chosen materials results

20 in a casing that is resilient to increase internal vapour pressure. The device's
dimension is defined principally by the dimensions of the casing which for
practical reasons should not be more than 10.0 mm. The casing wall should
not be more than 5.0 mm thick whereas the confined space enclosed in the

casing is less than 5.0 mm.



part (53b) and conplenentarily closes upon each ot her
to enclose a confined space therein between in a
flui d-proof manner as shown in FIGURE 11 in a closed
t ubul ar shape, and FI GURE 12 show ng the tubul ar
casi ng opened in 15 clamsheld7y and hi nge
configuration. The casing may be fabricated from
netal s, non-porous polyners, ceramcs, crystalline,

i norganic or organic materials having good therma
conduction, or conposites therefrom Preferably, the
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resilient to increase internal vapour pressure. The
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t raitls prdetnabd fpaksagesiang nptescahile REE atlle shews as SEM pbetograph of
shown collectively in FIGJURES 13a, 13b, 14a and 14b.

Fl &n obda cHitoyBa 8irtféBithAg of thefiBfdsl OTh@¥iBfedRCSHRVN with a single
phot ogr aph of an aggregate of fibres or sheet of
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formof a schematic drawi ng and a SEM phot ogr aph
respectively.

The aforesaid configuration of the device and method may be
implemented in a device for heat transfer to be in thermal contact with another
device or article, particularly for semiconductor devices, chipset, circuit board

15 or electronic components wherein excess heat produced has to be removed

for optimal performance or where rapid and controlled heating is required.

Briefly, our heat transfer device works by implementing a method for
transferring heat from a heat source region to a heat dissipation region on the

20 device in the following steps, which are:
- providing a plurality of fibres or sheet of fibres with internal passages
and holes capable of capillary transport of liquids means capable of

capillary convection of coolant fluid, wherein said convection means



The aforesaid configuration of the device and net hod
may be inplenented in a device for heat transfer to
be in thermal contact with another device or article,
particularly for sem conductor devices, chipset,
circuit board 15 or el ectroni @gonponents wherein
excess heat produced has to be renoved for optinal
performance or where rapid and controlled heating is
requi r eare addyregited, inoarfoime abntaciingfa hedesogeewegicn by one end
i mpl ementing a nmethod for transferring heat froma
heat soai€8 He@®HRBIPaoA regioh iamdtHetdren region on the
20 device in the follow ng steps, which are: providing
a plurali ; ' egter [ Wi [
P aédﬁp\af‘)ﬂlgé h(ér?cnéﬁts ﬂ?ifdblshg g@fﬂ&fenf &&nt 4y est%th?d and/or

passages es capa capi I Tary transport

cool ant2d5atped SHREY sontine § B srsEltres BT sBaRL S0aeq it intemal

aggregated in a formcontacting a heat source region

at one RaRPagan@nd heles condwl HEENSN regi on at anot her

end; supplying coolant fluid in sufficient anount, and
absor beithpantiigrpreasisrer load saidd fibres @it aherid obyfisas dwith internal
fibres or sheet of fibres with internal 5 passages

and hol gsss2igBd Uighd TengiLit- magrar twilly pressery etedBiotiigl means,
fibres or sheet of fibres with internal passages and
condui t;npRARe; W th pressure tensioni ng neans,

i ncluding - providing undul ati ng nmeans on said

pressure tensi oniNduAEA%ng ndhrh said pressure tensioning means;

10 and
- carrying out aforesaid means and steps in a hermetically confined

space.

Accordingly, it would be obvious to a skilled person that many of
15 the above components may be adapted, modified or replaced with an
equivalent component or part without departing from the aforesaid
method or the principal features of our heat transfer device. These
substitutes, alternatives or modifications are to be considered as falling

within the scope and letter of the following claims.

20



- carrying out aforesaid neans and steps in a
hernetically confined space. Accordingly, it would be
obvious to a skilled person that many of 15 the above
conmponents may be adapted, nodified or replaced with
an equival ent conponent or pagd w thout departing
fromthe aforesaid nethod or the principal features
of our heat transfer device. These substitutes,
alternatives or nodificati oL AMSto be considered as
falling within the scope and letter of the foll ow ng
claims. 20 29 CLAIMS 1. A heat transfer device
conprising: - at l|least an aggregate of fibres or sheet

of fi brﬁ%fegﬁgén%ﬂe?Bebi?é%%@@ns .passages and hol es

capabl capl ran )f liquids froma heat

source re 5 at dissjpati [ egi s

76) " anciuest apopgaredats, a Mifes T ShEd) 801 bfﬁﬁﬁfﬁi iR internal
suf ficient anpunt absorbed or contalned by sali

fi br es RASSgEEBENIthGIeHERRARE Of canﬂléwdaanm%w%fdom a heat
hol es capable 10 of capillary transport of liquids; -

pr essursoureasegionmiivheT4) 0 heab rdisdipation segion didg, yé) and vice
resilient structure placed within said confined space

and exeydrsfg pressure on said aggregate of fibres or

sheet of fibres with internal passages and

- a supply of coolant fluid in sufficient amount absorbed or contained by

said fibres or sheet of fibres with internal passages and holes capable
10 of capillary transport of liquids;

- pressure tension member (70) comprising a sfrong yet resilient
structure placed within said confined space and exerting pressure on
said aggregate of fibres or sheet of fibres with internal passages and
holes capable of capillary transport of liquids against said heat source

15 region (54, 74) and/or heat dissipation region (56, 76), wherein
- a plurality of undulations (80) are provided on said pressure
tension member (70); and

- a casing enclosing hermetically the aforesaid in a confined space.

20 2. A heat transfer device according to Claim 1 wherein the undulations
(80) are provided at at least one of the heat source (54, 74) and heat

dissipation regions (56, 76).



hol es capable of capillary transport of |iquids

agai nst said heat source 15 region (54, 74) and/or
heat di ssipation region (56, 76), wherein - a
plurality of undul ations (80) are provided on said
pressure tension nmenber (70);30and - a casing

encl osing hernetically the aforesaid in a confined
space. 20 2. A heat -transfer device according to Caim
| wherein the undulations (80) are provided at at

| east one of the heat source (54, 74) and heat

digsi paf iHat keMsfiiSdéwée atBdrdiky to Tlaifh Nedheldianhé Qindulations
devi ce according to Claiml wherein the undul ati ons

e R e
heat .trans@ % vi ce according to any one of Clains 1
- GiSSipRiQL 0. ¢ ir?ﬂ'%'?%lity of undul ations (80) are

provided to accentuate the exerted pressure. 10 5. A

heat transfer device according to any one of dains |

- 4 wherein the undulations are laterally extending

prédt ubek deat sran8ir . devicetabeating tinshgondedfi CRims 1 — 3 wherein
according to Caimb5 wherein the laterally extending

Preak UpRIFARE eofl sintitlation&n@o) | - pharesd rbobubsitanieethe exerted
(84). 15 7. A heat transfer device according to any

orkﬁ’egéurg. aiml - 4 wherein the

10 5. A heat transfer device according to any one of Claims 1 — 4 wherein

the undulations are laterally extending protuberances (84).

6. A heat transfer device according to Claim 5 wherein the laterally
extending protuberance is in H- and like-shaped protuberance (84).

15
7. A heat transfer device according to any one of Claim 1 — 4 wherein the
undulations are protrusions (82) extending in a direction perpendicular to

inner surface of at least one of the enclosing members (50, 52).

20 8. A heat transfer device according to Claim 7 wherein the protrusions

(82) are provided in substantially hook-like shape.



undul ations are protrusions (82) extending in a
direction perpendicular to inner surface of at |east
one of the enclosing nenbers (50, 52). 20 8. A heat
transfer device according to Claim7 wherein the
protrusions (82) are providedgqin substantially
hook-1i ke shape. 31 9. A heat transfer device
according to Claim7 wherein the protrusions (82) are
pravi dedl Heat Srsrsfandévtd yacpotdigy nal Claimape wheneihuttienprotrusions
cylindrical shapes. 5 10. A heat transfer device
aqgey dirag p‘i’@wé@d’ iﬂn%uﬁétaﬁhéﬂwsp(ﬂygorﬂal\/\g@é[% Nindidtng cylindrical
protru3| ons (82) are fornmed by nachining, casting,

Pr&sse uI ding or like processes or conbination
t hereo 11. A heat transfer device according to any
one of ClalrrB 7 -- 10 wherein 10 the protrusions'
hei ght are less than 5 mm 12. A heat transfer device
accordin o Caim11ll wherein the protrusions, K are _
8pHted lé%maatr@nafqr davice peerjdingr toapByiong. &f lRimBouUr Savherein
mm 15 13. A heat transfer device according to any one
ofth€lpmotmesitis {82)1@&evioemed roy mhehinitg, casfingli preaseroulding or like
bet ween protrusions to protrusion average dianeter is
7:procddsesiitmibihamdtsftRiresfevi ce according to Gaim1l
wherein the pressure 20 tension nenber is fabricated
fromany one or conbination of the follow ng: -
netal s, polyners, ceramcs, silicon, organic or

L A hethlahbBE e R SitoRbiBggPrin She of RIS P2: 10 wherein

10 the protrusions’ height are less than 5 mm.

12. A heat transfer device according to Claim 11 wherein the protrusions

are spaced equidistant in a range of about 0.2 to about 20 mm.

15 13. A heat transfer device according to any one of Claims 11 — 12 wherein
the ratio of distance between protrusions to protrusion average diameter is

7:3.

14. A heat transfer device according to Claim 1 wherein the pressure
20 tension member is fabricated from any one or combination of the following:
- metals, polymers, ceramics, silicon, organic or inorganic materials

which are non-fluid absorbing, stable and non-reactive with coolant.



32 15. A heat transfer device according to Claim14
wherein the fabricated pressure tension nenber is
configured to maintain internal space. 16. A heat
transfer device according to any one of Clainms 1 - 15
wherein 5 the aggregate of fidpes or sheet of fibres
Wi th internal passages and holes capable of capillary
transport of |iquids are woven onto the pressure

t ehS.i onA meathesnsfér’ dedicbeadcordingstbeClailavi 4 evtaareior thentpbricated
to any one of Clainms 1 - 16 wherein 10 at |east part
of picRBuRY RASIINEMERIBE RIS tSmBRirtaFaAtaaall gpelce! he
fibres or sheet of fibres with internal passages and
hol es capable of capillary transport of |iquids which
have been interwoven into a structural |ayer. 18. A

he transfer device accordi t,0 any one Clainms 14 ,
"7 Bt renplerdry i dccup B B AN ARRRigdAmE 1 ™ 15 Wherein
configured such that its structure occupies mninal
volhgnaogregate b fiktes AT sheehpblibresawitbninégyaakepastages and holes
said confined space. 19. A heat transfer device

accapatile @f ttapiliap tretSporh ef diguidsharepyessupeto @ prssuEntension
menber occupies not nore than 30% 20. A heat transfer
demjegthegccording to C aim 15 wherein the internal

space outlined by the pressure tension nmenber

conpri ses connected pathways form ng 3-di nensi onal

space for vapour conduction. 33 21. A heat transfer

de¥ 7€ R4 (%tiarpl%fetrode(\j/icaei gbg‘or%%rt%i Qn;’ Qﬁe %?%EQMS i‘IS’— 96 wherein
10 at least part of the pressure tension member is pressed against the fibres or

sheet of fibres with internal passages and holes capable of capillary transport

of liquids which have been interwoven into a structural layer.

18. A heat transfer device according to any one of Claims 14 — 17 wherein
15 the pressure tension member is configured such that its structure occupies
minimal volume so as to maximise vapourisation space within said confined

space.

19. A heat transfer device according to Claim 18 wherein the pressure

20 tension member occupies not more than 30%.

20. A heat transfer device according to Claim 15 wherein the internal
space outlined by the pressure tension member comprises connected

pathways forming 3-dimensional space for vapour conduction.



fluid having |iquid-gas phase change of between -40C
to 200C, subject to pressure exerted. 5 22. A heat
transfer device according to Claim1l wherein the

cool ant undergoes phase change as it convects via
capillary action froma heat sgpurce region (30) to
heat di ssipation region (40) and vice versa through
the fibres or sheet of fibres with internal passages
and hol es capable of capillary 10 transport of |iquids
(20) and/or 3-di nensional space forned by the

copnect gthedhardnarersdQute iReerdmy tHTIBReISWhErdigNRE @dolant is a
menber according to Claim20. 23. A heat transfer

SSH GRS Pl B ShOAH0% 3 e, suvect o

capabl e of capillary transport of 15 liquids are

f dpesediecRKaT e non-metal lic, synthetic, inorganic and
organic materials which are stable, does not emt any
Borm of gas or vapour and does not peal off and
non-reactive with other conponents of the device. 24.

A teat Arpssf eandfyi 6evies casadirdiagt @ Clain 22vinbieithe coolant
the average ratio 20 of dianeter to length of a

Stlﬁﬁd’% Qésfﬂigé% bﬁaqgé)-aqaf’it_ g@m&éﬁt@% ddpRRsy edcti@ﬁvfrféﬁ a heat

according to aim 1" wherein the fibres or sheet o

fi o ' hal
805 Yot ESS HeaPORERRS TSR URE PRI el rouon the
acHPRItiGTES 6 Apiasiviih deral PRESH T B30 GPIeEerable P capilary
fibres with internal passages and hol es capabl e of

19atpanspert/ot iqinde 62Q) afd/or 3-dimensional space formed by the connected

pathways outlined by the pressure tension member according to Claim 20.

23. A heat transfer device according to Claim 1 wherein the fibres or sheet
of fibres with internal passages and holes capable of capillary transport of
15 liquids are fabricated from non-metallic, synthetic, inorganic and organic
materials which are stable, does not emit any form of gas or vapour and does

not peal off and non-reactive with other components of the device.

24. A heat transfer device according to Claim 22 wherein the average ratio

20 of diameter to length of a strand of fibre is < 0.05.

25. A heat transfer device according to Claim 1 wherein the fibres or sheet
of fibres with internal passages and holes capable of capillary transport of

liquids are absorbent up to 90% of its volume.



i quids conprises tubular structures having at | east
one hol |l ow tubul ar 5 passage in the order of mcro- or
nano-neter for intra-fibre capillary flow of cool ant.
27. A heat transfer device according to Claim 26
wherein the tubul ar passage agerage dianeter is |ess
than 1.0 mmwi th a cross-sectional area of 10 |ess
than 0.79 mmR. 28. A heat transfer device according to
Claim 26 wherein the tubular passage is at |least 10%
of the fibre volunme and the fibre wall thickness is

| exs W@a‘éa’?—tr@n@f@} d&icé%hcchrdif %“to OI@Rs 1 efhdtei e f[bres or sheet
according to Claim 1 wherein the aspect ratio is

t t I

d2°3. ﬁ%ﬁgccora@ﬂﬁ'ﬁﬁ%s Ao B A r?ni aneport o
2 meters.in f abput. 50 .
TETCER S et oRtving ab Terdh Ang Mliow tubuiar
wherein the fibres are laid to converge towards t
herASsaeariBdhe eyHeh chmdcE-\@T RN inetebfarbiradivre caplllary flow of
di ssipation region. 35 32. A heat transfer device
acamiahtng to Caim1 wherein the fibres are

interwoven to forma structural shape with each fibre
strand spaced at 500 pm 5

27. A heat transfer device according to Claim 26 wherein the tubular
passage average diameter is less than 1.0 mm with a cross-sectional area of

10 less than 0.79 mm?.

28. A heat transfer device according to Claim 26 wherein the tubular
passage is at least 10% of the fibre volume and the fibre wall thickness is less
than 1.0 mm.

15
29. A heat transfer device according to Claim 1 wherein the aspect ratio is

in the range of about 0.01 o 2.0.

30. A heat transfer device according to Claim 1 wherein the fibres have

20 diameters in the range of about 50 ym to 5.0 mm.

31. A heat transfer device according fo Claim 1 wherein the fibres are laid
to converge towards the heat source region and diverge out to the heat

dissipation region.



33. A heat transfer device according to Caiml
wherein the casing conprises - at |east an upper

encl osi ng nenber (12a), and - at |east a | ower

encl osi ng nmenber (12b), 10 conplenentarily cl oses upon
each other to enclose a confingd space thereinbetween
in a fluid-proof manner; 34. A heat transfer device
according to Caim1 wherein the casing conprises a
si ngl e menber having an upper enclosing part and a

| ower 15 enclosing part hingedly connected to each

other aNthAMPARIBNHAYICEYaddNgRg PORIRRANWAERSH the fibres are
encl ose a confined space therei nbetween in a

LRI A b AR i ORISR s ot s

the casing is fabricated fromany one of the follow ng
--MRetal s, non-porous pol ymers, ceramics, crystals,

i norganic and organic materials which has good

Phermal conduction, or conposites therefrom 36 36. A
heat transfer device according to any one of Cains 33
ariB.34 Avheateinansfee dewicagaccardingr teuClkane1 anbargis the casing
i ncreased by providing a plurality of fine channels.

5 cbmprisdzeat transfer device according to Caim 36

wherein the plurality of fine channels are forned by

wet et chijfget A Yo HHcbind R BN92a R ER@S| N9 or
- at least a lower enclosing member (12b),
10 complementarily closes upon each other to enclose a confined space

thereinbetween in a fluid-proof manner;

34. A heat transfer device according to Claim 1 wherein the casing
comprises a single member having an upper enclosing part and a lower
15 enclosing part hingedly connected to each other and complementarily closes
upon each other to enclose a confined space thereinbetween in a fluid-proof

manner.

35. A heat transfer device according to any one of Claims 33 and 34
20 wherein the casing is fabricated from any one of the following —
- metals, non-porous polymers, ceramics, crystals, inorganic and
organic materials

which has good thermal conduction, or composites therefrom.



casting or conbinations thereof. 38. A heat transfer

devi ce according to any one of Clainms 33 and 34 10

wherein the casing is resilient to increased interna

vapour pressure. 39. A heat transfer device according

to any one of Clains 33 and 34g wherein the casing

defining the device is not nore than 10.0 mm the

casing wall not nore than 5.0 mmthick and the

C@H.i nedl IsRaceandier eevicki acéardingst aby dh@rofSCRime 33 and 34
40. A heat transfer device according to any one of

C'v%éf%lrsﬁﬂe castfy We?'s‘ﬂlrfah@%réé R Beradsedi By ﬁr‘éﬂh%d a plurality of

with at [east part of an inner surface of "a casin

nﬁn‘%e(g}ﬁv&% e heat is exchanged for phase transiti _on of

20 41. A heat transfer device according
to Caim40 wherein the fibres are interposed between
at | east part of the pressure tension structure and at

| east hgart of an inner surface of a casing nmenber .
aHbh.e hedeat dramsigiadryice agrording ton Qlaimt 3Prwheredn the plurality of

devi ce according to Caim40 wherein the fibres are
pdEiet cloaredlabrafmredabg wet letehisgr dgcetshinh, techinieg,spressing or
tensi on nmenber at pressure-accentuated contact with

atcdspAg lor @BmMMations th@@ofsource region and heat
di ssi pation region. 43. A heat transfer device

according to Caim1l V\,herel n the aggregate of fibres
or sheet of fibres (60) with internal passages and

ho:iSG S Cﬁ Fkaet%atetransfer device according to any one of Claims 33 and 34

10 wherein the casing is resilient to increased internal vapour pressure.

39. A heat transfer device according to any one of Claims 33 and 34
wherein the casing defining the device is not more than 10.0 mm, the casing
wall not more than 5.0 mm thick and the confined space therewithin is less

15 than 5.0 mm.

40. A heat transfer device according to any one of Claims 32 — 34 wherein
the fibres are in contact with at least part of an inner surface of a casing
member where heat is exchanged for phase transition of the coolant.

20
41. A heat transfer device according to Claim 40 wherein the fibres are
interposed between at least part of the pressure tension structure and at least

part of an inner surface of a casing member where heat is exchanged.



capillary transport of |iquids are woven or fabricated
integrally as or in the shape of a pressure tension

menber (70). 10 44. A nethod for transferring heat

froma heat source region to a heat dissipation

region of a heat transfer devigye conprising the steps

of: - providing a plurality of fibres or sheet of

fibres with internal passages and hol es capabl e of

cadl.| | X yhdat dnspart device isgebreting aoV@latr i) nerensin the fibres are
capabl e of capillary convection of cool ant fluid,

W Ridhed@hida SOV Rl BioWesifacRkCofagar $1gated te'hsfbrf ﬁfermber at
cont acting a heat source region at one end and a

@'gé&%' é)&:tebﬁ%t&? BhtAF Wltlpleét I%Qg%one éfjg'@a dz?(gsdiﬁ’eé ‘?@élon and

I'Cl ent’ "afount, sor
ntalne saldflbres or sheet of fibres with
eéartﬁiéﬁs’ @J&Q?”and 20 hol es capabl e of capillary
transport of liquids conduit nmeans; - inparting

pressure on said fibres or sheet of fibres wth

internal passages and hol es capable of capillary

t r481s pok theat tlangfar dievicendcecdrdingetan€laiint h wireesisuhe aggregate of
tensi oni ng nmeans, including 38 - providing undul ating

NEHISs U SRl OF B5RUr @0) aNith Gilchth NBaikaigesaiil holes capable of
carrying out aforesaid neans and steps in a

heLIRIErG atdnspbRndt Midlds SP@%Koveh or fabricated integrally as or in the
shape of a pressure tension member (70).
10
44. A method for transferring heat from a heat source region to a heat
dissipation region of a heat transfer device comprising the steps of:
- providing a plurality of fibres or sheet of fibres with internal passages
and holes capable of capillary transport of liquids convecting means
15 capable of capillary convection of coolant fluid, wherein said convecting
means are aggregated in a form contacting a heat source region at one
end and a heat dissipation region at another end;
- supplying coolant fluid in sufficient amount, and absorbed and/or
contained by said fibres or sheet of fibres with internal passages and
20 holes capable of capillary transport of liquids conduit means;
- imparting pressure on said fibres or sheet of fibres with internal
passages and holes capable of capillary transport of liquids conduit

means with pressure tensioning means, including



45. A nethod for transferring heat according to Claim
44 inplenented in a heat transfer device. 46. A

nmet hod for transferring heat according to Caim44
impl emented in a 10 heat transfer device according to
any one of Clainms 1 - 43. 47. #g heat-generating

devi ce, including a sem conductor device, in thernal
contact with a heat transfer device according to any
one of O ai nprolidingt@ndulafieg atéargs opkhidngleksyurs tehsioning means;
anot her heat dissipating device such as a cooling 15
fan. 48gn4 chipset, circuit board or electronic
conmponent having a heat transfer device according to

e nectt g i ioerindlf méanE e QRO 3L B8rfbucally confined

any one of Clains 1 - 43. 50. A heating device for
rapi d attP®ontrol | ed heating such as in hair iron

according to anyone of Claiml ---43.
5

45. A method for transferring heat according to Claim 44 implemented in a

heat fransfer device.

46. A method for transferring heat according to Claim 44 implemented in a

10 heat transfer device according to any one of Claims 1 — 43.

47. A heat-generating device, including a semiconductor device, in thermal
contact with a heat transfer device according to any one of Claims 1 — 43,
operating optionally with another heat dissipating device such as a cooling

15 fan.

48. A chipset, circuit board or electronic component having a heat transfer

device according to any one of Claims 1 — 43.

20 49.  An appliance or machine including a heat transfer device according to

any one of Claims 1 — 43.

50. A heating device for rapid and controlled heating such as in hair iron

according to any one of Claim 1 — 43.



