HEAT SPREADER, ELECTRONIC APPARATUS, AND HEAT SPREADER MANUFACTURING
METHOD Background of the invention Field of the Invention The present invention relates to a
ceder thermally connected to a heat source of an electronic apparatus, an electronic apparatus
including the heat spreader, and a heat spreader manufacturing method_ 102.Description of the
Related Art In the past, a heat spreader has been used as a device thermally connected to a heat
source of an electronic apparatus, such as a CPU (Central Processing Unit) of a PC (Personal
Computer) 1o absorb andygifseckShoatof hie-Beabiou e Aailipicatapreader. o soligs ype meta
heat spreader made of for example a copper plate is known, and a phase-transition-type hea
spreader including an evaporation portion and #NBRRGRid"Ha4%&E P proposed recently.  In the
phase-translation-type heat spreader, the working fluid evaporates in the evaporation portion that
receives heat from a heat source, and the gvapo[ated working fluid condenses and flows in a flow path
to return to the evaporation portion. By repeating the 258bove' opelatidh/ i heat of the heat source is
diffused (see, for example, Urited: StatestPateht Application Publication No. 2007/0158052; paragraph
0032, Fig. 4, hereinafter referred tq.as P tent Document 1). Jn.a heat spreader o(I Patent Document 1,
a wick is provided to a 30f|owﬁg%th%é§idez wéﬁ%%?g c%)eﬁ &nsed on gnet&b%%r “é?dlrff%\%%“ffows to a
lower surface (evaporafiéfi Poition) Withr&eapillaky fordesat source of an electronic
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In the past, a heat spreader has been used as a
device thermally connected to a heat source of an
electronic apparatus, such as a CPU (Central FProcessing
Unit} of a PC [Personal Computer), to absorb and diffuss

15 hest of the heat source. As the heat spreader, a solid-
type metal heat spreader made of for example a copper
plate is known, and a phase-transition-type heat spreader
including an evaporation portion and a working fluid has
peen proposed recently.

20 In the phase-translation-type heat spreader, the
working fluid evapcorates in the sevaporation portion that
receives heat from a heat source, and the evaporated
woerking fiuild condenses and f£lows in a flow path to
return to the evaporation porticn. By repeating the

z25 above operation, the heat of the heat source is diffused
{see, for example, United States Patent Application
Publication No. 2007/0158052; paragraph 0032, Fig. 4,
hereinafter referred to as Patent Document 1). In a heat
spreader of Patent Document 1, a wick is provided to a

30 flow path, and a working fluld condensed on an upper
surface flows to a lower surface (evaporation portion)

with a capillary force.



Summary of the Invention An electronic apparatus mounted with such a heat spreader is required
to improve a heat density and required to be downsized. Generally, in view of a higher heat density, a
wick surface provided to a flow path from a condenser portion to an evaporation portion is subjected to
a hydrophilic processing to improve a capillary force, which may, however, result in a biased
distribution of the working fluid. Further, in view of downsizing, the flow path is required to be narrower,
which may, however, result in an incréd8&diow path resistance " Actordingly, the supply amount of
the working fluid to the evaperatios-gortionds degreasednresutting invdryout.sucHn \dewrefdhe
above-mentioned circumstances, it is desirable to provide a heat spreader c%pable of improving flow

efficiency of aWorking fiuid from BocBhderiser pSrtiont8 &R ‘Bvapdratibh portiof  and &n eféctronic
apparatus incluging the-heat speeagienn s 1 4tis furtherrdasirable, toiprovide a heat spreadee r
manufacturin%methoql that enables easier manufacture and ngé@{ reliabilLiRy. Int%fi?t aspect of
the invention, Fére ig'%?g\}iaé/d aahe“é%gﬁresaﬁﬁr,ac%em rf:s(ijnvgl: an eva%oraation%‘f)rtﬁ)oan a‘rranrgoe% in a first
position; a firsié condensen partion arranged in a second positiepcthetsecond pasition-being ene of
higher than a%d a %régré)én t eofirstaposriltio . 8 \A/(laﬁkincg fluiq:gé/ggo&arging frog1 aiiguigl&pgse to a gas
phase in the ev%lp ration portion, and con en%mg from the gas pﬁasgto t%e quwopphase in the first
condenser portiarn; andz/firstflowe pathimatie ofzay nariomateral, havisg hydrophobicity eadsurface,
and causing the. working fuid cgpdensed to the, auid phase in the first condenser potion fo flow to
the evaporation portion. ~ According to an embodiment of the present invéntion, thére is provided a
heat spreaderin¢luding an evaporation portioa,tafirstcondenser portior; a workingfiuidicand a first

flow path. The eyaporafion porfian is, arranged in 2 first position. The first condenser portions

arranged in a second position, the second position being one of higher than and apart from the first
position. The WorKiag dlnitkevaporates fromt adiguid pHase to a-gas phastif thé evaporatidiiportion,

and condenseg.from the gas, phase o thediquid phase in the first.andenser portion.The first flow

path is made of a nanomaterial, has hydrophobicity on a surface, and causes the working fluid
condensed to'thé fighibshase if ke fitst condenser portion to flow to the evaporation 5portion

According to the embedimepn;ofJhe preseptinventien, @; heat source.is thermally connected:to the
evaporation portion, and a liquid-phase working fluid evaporates to a gas phase in the evaporation.

portion. The gasprasel foviorkingid BoRdeises 16 e fiid phase mlthe Tirst cBrdensérortion

arranged in the highet pesition than therevaporation pegtion: fhediquid-phase warkingdiuid flows in the
first flow path to return to the evaporation portion. The above phase transition is repeated. 15The first
ﬂOM/paﬂ1Cau§&§ﬁﬁ9ﬁoﬂaﬁgf@ﬂik?mﬁﬁoration portion, and an electronic

apparatus including the heat spreader.

It is further desirable to provide a heat spreader
manufacturing method that enables easier manufacture and
higher reliability.

ITn a first aspect of the invention, there is
provided a heat spreader, comprising: an evaporation
portion arranged in a first position; a first condenser
portion arranged in a second position, the second
position being one of higher than and apart from the
first positiocn; a working fluid evaporating from a ligquid
phase to a gas phase 1in the evaporaticn portion, and
condensing from the gas phase to the liguid phase in the
first condenser porticn; and a first flow path made of =

nancmaterial, having hydrephobicity on a surface, and



from the first condenser portion to the evaporation portion arranged lower than the first condenser
portion. Here, since the first flow path has hydrophobicity on the surface, a flow path resistance can be
kept lower. In 20addition, since the first flow path is made of the nanomaterial enabling a higher
hydrophobicity, the flow path resistance can be kept further lower. Accordingly, flow efficiency of the
working fluid from the first condenser portion to the evaporation portion can be 25improved. ~ The
heat spreadefGHAis émBstim&itmay furthe i iud8 4 §86ohRd cbfidené&r gortor andd%&tond flow
path. The second ceadenserporinnisiaseanged if adthird positior, the third: pesitien beingene of
lower than and 30apart from the first position, and enables the working fluid to condense from the gas
phase to the RjUfd pRHse. The second flow path is made of a nanomaterial, has hydrophilicity on a
surface, and causeszthe wotking fluidl condensed tonthedliquid phasedndhe secand-eondenser portion
to flow to the eyaporation portion. Agc(?fging to thq_tem,podiment of the presentfn\éention, 5in addition
to the circulationin‘the elv“éporgtlfé)ﬁfﬁor(ﬁon, tie firs %%nden%EFSS‘r ion, and the first fidw pgﬁﬁ as
described abewe;the working fluidicirculates ds followsoThatriscthe warking:fluid:ewvaporated to the
gas phase in the evaporation partion condenses to the liquid phase 10in the second condenser portion
arranged Toner Tan g Buaboraton Sorior ThE MiicHph Ace Seking M Fowa i e secbrd flow
path to returnztothe ewdporation portion: The goovetphase transition is féepeatedcondenser

portion 1is arranged 1in a second position, the second
position being one of higher than and apart from the
first position. The working fluid evaporates from a
liquid phase to a gas phase in the evaporation portion,

and c¢ondenses from the gas phase to the liguid phase in

2a



15The second flow path causes the working fluid to flow from the second condenser portion to the
evaporation portion arranged higher than the second condenser portion. The second flow path is
made of the nanomaterial enabling a higher hydrophilicity. Here, since the second 20flow path has
hydrophilicity on the surface, the working fluid permeates the second flow path. An extremely minute

surface structyre-ofra papomaterial pramgies-the-flow of thespermeated working fluid. By providing
both the second flow path and the first flow path, the working 25fluid is separated and the flow

efficiency to the edaporation poftichicar’Bé improver i theHeat Spreader atd6fding cthe

embodiment of the present invention. thefirst;flow.path may be-arranged vertiallygrsinclinatorily.
30According to the embodiment of the present invention, in a case of arranging the first flow path
vertically, the b 6Fthé workingSRid froRPihefirst condehser porticittotthesvapbiation portion can
be mere efficigntly. performed. In a case of arranging the first flow path inclinatorily, it is possibl.e to
provide a plurality of first flow paths and a plurality of first condenser portions corresponding thereto.
Thus, the flow efficfepey of treswoekind: fluidfrom tHe fifst ebndérrsar portions tertheevaporation
portions can e improved., .. dn fhe beat sreader.acqording Jo the embodient,af fhe present
invention, the first flow path may include a hydrophilic portion in a direction toward the evaporation
portion. Accoreling-tocthe embodimentofithe presentiivention, thedirst fiOwrmath havingchydrophobicity

on the surface includnes a hxdroggilic&pvortionﬁ Iche first flov%/ gth cawses the w @[(in fluid to flow from
the first cond&%%r%b?t?oen {0 the e?/aporaﬁi%hapolrﬁgn with the 1F]i/dr()éﬁeob(‘?caitsy t%é?e% and the
hydidphilicity ef thelhydrophilic portichens e & setbrd aspect @f theimvention, theriiis provided an
electronic appca(g%%jshgompnsmg:_ arbegt so%rceaarilgl a heat r%aeggr th%r%allx I%:(_)qug(l;{[ed to the heat
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source, the heat sp(?’eatﬁéej} ifcit mcg)] an é:\llféapo(%gtlon po}’uon arra%ged iR & first position, a first

condenser pottion arranged ini@secand paositionthe Secondpasionbemng vheof highed than and

S o e 1 Boslon, S workng 1K evapeaug o, lqudprase e gesstese n e

portion, and afirstflow path made-efa nanamateriad nkaving hydrephabiciy ea a surface, and causing

theg@nhngfhﬂdCOQQSQS%?E%QE?%%&de%%Qcauses the working fluid to flow
from the first condenser portion to the evaporation
portion arranged lower than the first condenser portion.
Here, since the first flow path has hydrophobicity on the
surface, a flow path resistance can be kept lower. In

20 additicn, since the first flow path is made of the
nanomaterial enabling a higher hydrophebicity, the flow
path resistance can be kept further lower. Accerdingly,
flow efficiency of the working fluid from the first
condenser portion to the evaporation portion can be

25 improved.

The heat spreader of this embodiment may further

include a second condenser portion and a second flow path.
The second condenser portion is arranged in a Third
position, the third position being one of lower than and

30 apart from the fizrst position, and enables the working

fluid to condense from tThe gas phase to the liguid phase.

The second flow path is made of a nanomaterial, has



in the first condenser portion to flow to the evaporation portion. According to an embodiment of the
present invention, there is provided an electronic apparatus including a. heat source and a. heat
spreader.The heat spreader is thermally connected to the heat source.The heat spreader includes an
evaporation portion, a first condenser portion, a working fluid, and a first flow path.The evaporation

portion is arranged ip.aifirstposjtion, The firstcondensarportion dssatranged ina secandipdsition, the
second position being one of higher than and apart from the first position. The working fluid evaporates

from a liquid plasectesegas phase inlthaevaperativh portibh ad coRders¥8%rom te gas phase to

the liquid phase n the first,condenser, portion. The dirst flow, patiis made of a nanomaterial, has
hydrophobicity on a surface, and causes the working fluid condensed to the liquid phase in the first

condenser portion fofiow €6 Tk dvaporatiGrperdionsnt i the Fedt spr&ader-detsiting fo the
embagiment af the present fnvention.a quidahase.working flud syaporales [9:a gas phase in the

evaporation portion. The gas-phase working fluid condenses to the liquid phase in the first condenser
portion arrangstkin the figherpbsitioaithan the etaparafior pertioh: The Jibpit-pRase #drking fluid

flows in the first flow path to, return to the eyaporation:nortion. The.aboye.phase transitiqnis repeated.
The first flow pat% of the heat spreader causes the 'working fluid to flow from the first condenser portion
to the evaporativraportion artangeddéver thanthe fesecondgehsdr portisheHsRE siice™he first flow

path has hydrophobicity on the surface, a flow path. resistance can be.kept lower,In,addition, since the
first flow path Jrﬁm%%% of th& %gﬁgrjﬁ%?er]?acfré%éé)ﬁngc 8 C%1gher hydrophobicity, the florv% path resistance
canbe kept further lewer Accdrdinglyicftove efficiericycof the workiag fluid/fomtthefirsttondenser
portion to the evaporation portion can be improved. . Accarding to the.embadiment of the present
invention, sin&e’ tHiéht & ﬁr@eoig%ﬁgpmamﬂégnﬁlé‘ccﬂél& to the heat spreadet, the heat spreader can
diffuse the heat ef.tbe heat seurce=ificiently:w pina third aspectroftie trivention, there is provided a
heat spreader manufacturing method, complrjsinga:grran%r}g?an evaporatign zone é'n a first position and
Si

a first conden§&FESHE in & Seddhidpusition, the seeond 25 be 66 6

ion being one o?ﬁigjher than and apart
repeated.

15 The second flow path causes the working fluid to
flow from the second condenser portion to the evaporation
portion arranged higher than the second condenser portion.
The second flow path is made of the nanomaterial
enabling a higher hydrophilicity. Here, since the second

20 flow path has hydrophilicity on the surface, the working
fluid permeates the second flow path. An extremely
minute surface structure of a nanomaterial promotes the
flow of the permeated working fluid. By providing both
the second flow path and the first flow path, the working

25 fiuid is separated and the flow efficiency to the
evaporation portion can be ilmproved.

In the heat spreader according to the embodiment of
the present invention, the first flow path may be
arranged vertically or inclinatorily.

30 According to the embodiment of the present invention,
in a case of arranging the first flow path vertically,

the flow of the working fiuid from the first condenser



from the first position; and forming a first nanomaterial layer having hydrophobicity on a surface,
between the evaporation zone and the first condenser zone. According to an embodiment of the
present invention, there is provided a heat spreader manufacturing method. The heat spreader
manufacturing method includes arranging an evaporation zone in a first position and a. first condenser
zone in a second position, the second position being one of higher than and apart from the first
position, and fb‘?ﬁ%ﬁﬁ first fanofmafterial 14yt Havmy Hydrdphobicity on 58UrfacBEbetWEert the
evaporation zere anddhe fiysticonderserzone.in According i theerabediment efthe present
invention, th\(,ev%irst nanomaterial layer having hydrophobicity on the surface is formed to form a flow
path for the workilg i for Hie Ar3t 65dender 26he fohe evapbration Zone WHEK Shatles easier
manufacture, higher 10reliabifity fand towet casts: dthesheat: spreadet manuiacuring methed according
to the embodiment of the presegt invention may further inclltJ e arrtangingﬂ}secondhcon%?nser zone in
a third positioﬁ?ﬂﬁeetﬁﬁcef%o}gﬁi](:)njb%ﬁlr?g one of lower thart anc ﬁggpgrt from thé "firs} p%si ion, and
forming a secend nahematerial layer havindg hydrophilicify dn arsutfaee, betweenthecvaporation zone

and the second c%ndense{hzog . According to the emeCdiment of the}gres.ent invengon, 20the second
Irtion O r 2 1

nanomaterial Tayer having hydrophilicity on the surface is formed to form a flow path for the working
fluid from the second coridenserzdnestothe @vaperation zong, which-érables easisemanufacture,

) o S e o o gl o o
inclinatorily. Acedrditg id-the embbdipient of thedpresentiinventions 30in dcasewofaprangirgthe first
nanomaterial faac}’ﬂ ion.

According To the embodiment of the present
invention, the first flow path having hydrophobicity on
the surface includes a hydrophilic portion. The first
flow path causes the working fluid to flow from the first
condenser portion to the evaporation portion with the
hydrophobicity therecf and the Thydrophilicity of the
hydrophilic portion.

In a second aspect of the invention, there 1is
provided an electronic apparatus, comprising: a heat
source; and a heat spreader thermally connected to the
heat source, the heat spreader including an evaporation
portion arranged in a first position, & first condenser
portion arranged in a second position, the second
position being one of higher than and apart from the
Lirst posgsition, a working fluid evaporating from a liguid
phase to a gas phase in the evaporation porticn, and
condensing from the gas phase to the liguid phase in the
first condenser portion, and a first flow path made of a
nanomaterial, having hydrophekbicity on & surface, and

causing the working fluid condensed to the liguid phase



vertically, there can be provided a manufacturing method of the heat spreader in which the flow of the
working fluid from the first condenser zone to the evaporation zone can be more efficiently
performed. In a case of arranging the first nanomaterial layer tn.clinatorily, it is possible to provide a
plurality of first nanomaterial layers and a plurality of first condenser zones corresponding thereto.
Thus, there can be provided a. manufacturing method of the heat spreader in which the flow efficiency
of the working'fluid front thesfirst cOHIENSEr zotiesto the BVaporation Zoké Carf Belipioved?  Ina
fourth aspect gttheiipvention, there is provided a heat spreader manufacturing method, comprising:
forming, on a substrate having an evaporation area, a nanomaterial layer having hydrophobicity on a
surface: and forming”6h tH& nAHorhatetl BYeF Efftopkific afda i Bedifdttion Toward e,
evaporation afea r= Accordingitoaniembodimentof-theipreseppinyvention, there isprevided a heat
spreader manufacturin rgethod‘includinlg forming, on g substrate having an evaporation area, a
nanomaterial {5y/&F haViig hydropfobitity o a strfacé aid formifg, oh the naRomaterial [ayer, a
hydrophilic area in-agirection-toward the evaporationaréa: 2t  Asearding.to the embodiment of the
present invention, thgﬁ@/dro%hilig area is formed on the na{]_omaterial Ia,é/er havin%hyd ophqq:bicity on
the surface toform a flow pa h %o utﬂéésvvorl?nl:\lg fldid t& ﬁwreae\%é)pnorat%%rarégﬁ Which' enables easier
manufacture, high®e releabilitypand tower eostso rkilnghefheat $preader manufactaring Method
according to the embodiment of the present invention, the hydrophilic area may be formed by a
groove procegsalr%eigqér by i)}gt erﬁi‘ﬁapgrdfécoor}dir?got%gt}h%nemjb%di%eﬁ?% %%é p%‘seﬁit in%%ﬁﬁgn, the
hydrophilic area nayibe formétt by & gredveprocessing orloy patterning, which epablesa minute
structure and higher reliability.; .., Accarding o the heat spreaderof the embodiment,of the present
invention, the flow efficiency of the working fluid from the condenser portion to the evaporation portion
can be improvedi:  HArtordingito erabodiméhts offthedieatspredadarmanufadtaringaméthiod of the
present mvenggﬂ,i%gsgé%}g@@gre%hlggjeﬁ Eei!f@pﬁltyﬁ{g £nabled. ﬁ@gﬁ@gd@t@g asp.ects,
features and advantages of the present invention will become more apparent in light of the following
detailed descriptioreaTtiest aode embadintehts fHetest as flusfratetifthe A6campaiying drawings.
Brief Description qfiDrawings; o ,Fig.1 is;a planyiew ofa heat.spreader ageording to afirst
embodiment of the present invention;

first flow path is made of a nanomateriai, has

5a



Fig. 2 is a side view of the heat spreader of Fig. 1; Fig. 3 is a front view of the heat spreader of Fig. 1;
Fig. 4 is a longitudinal sectional view of the heat spreader, seen from the A-A line of Fig. 2; Fig. 5
is a schematic diagram showing an operation of the heat spreader of Fig. 1; Fig. 6 is a flowchart
showing a manufacturing method of the heat spreader of Fig. 1; Figs. 7 are schematic diagrams
showing in sequence an injection method of a refrigerant into a case; Fig. 8 is a Iongtitudinal

sectional view ERGWINGH heat'spréddet atdbrding to 4 Secdrtémbodirient of the'(Stesetihdention;
Fig. 9 is a schematic,diagram-shawing an gperation-efthe heat spreaderiofFig. 8rnddriga10 is a plan
view of a heat spreader according to a third embodiment of the present invention; Fig. 11 is a
longitudinal sBEHINA? View of the*heat shfader, $6& from th& BB 1iRE of Fig. 10; Fig. 12 is a plan
view of a heat spreader according to a fourthiembadiment ofithetpresent invention;rbkig. 13ris a
longitudinal sectional view of the heat e : .

the present 1invention, a liquid-phase working fluid

evaporates to a gas phase in the evaporation portion.

The gas-phase working fluid condenses to the liquid phase

in the first condenser portion arranged in the higher

position than the evaporaticon portion. The liguid-phase

working fluid flows in the first flow path to return to

the evaporation portion. The above phase transiticn 1is

repeated.

The first flow path of the heat spreader causes the

working fluid to flow from the first condenser portion to

the evaporation portion arranged lower than the first

condenser portion. Here, since the first flow path has

hydrophobicity on the surface, a flow path resistance can

be kept lower. In addition, since the first flow path is

made of the nanomaterial enabling a higher

hydrophobicity, the flow path resistance can be kept

further lower. Accordingly, flow efficiency of the

working fluid from the Zirst condenser portion to the

evaporation porition can be improved.

According to the embodiment of the present
invention, since the heat scurce is thermally connected

to the heat spreader, the heat spreader can diffuse the

heat of the heat source efficiently.

In a third aspect of the invention, there 1is
provided a heat spreader manufacturing method,
comprising: arranging an evaporation zone in a first

pesition and a first condenser zone in a second position,

the second position being one of higher than and apart



spreader, seen from the C-C line of Fig. 12; Fig. 14 is a sectional view of the heat spreader, seen from
the D-D line of Fig. 13; and Fig. 15 is a perspective view showing a desktop PC 10as an electronic
apparatus including the heat spreader according to one of the embodiments of the present invention.
Description of Preferred Embodiments Hereinafter, embodiments of the present invention Fig. 1
is a plan view of a heat spreader according to a first embodiment of the present invention. Fig. 2 20is a
side view of tHe RBatiSpteadersof Fig oL Fig '3 is®d floftVigWw oF the RedtSpréadei vt Fig- 42 Fig. 4 is a

longitudinal secfional view, of.the heat.spreader, seen from the A-fvling-af Fig, 2 Asshown,in Figs.
1-4, a heat spreader 10 includes a 25thin Qqctargu ar case 60. The case 60 includes therein an
evaporation pdFicir26, d fiquid floW Fath 46 first How-pathy & gasfiow Path 50, and a condenser

portion According to an embodiment of the present invention,
there 1is provided a heat spreader manufacturing methed.
The heat spreader manufacturing method includes arranging
an evaporation zone 1in a first position and a first

condenser zone in a second position, the second position

oa



30 (first condenser portion). The case 60 further includes a refrigerant (not shown) (working fluid),
30sealed therein. The liquid flow path 40 and the gas flow path 50 are provided between the
condenser portion 30 and the evaporation portion 20. The liquid flow path 40 and the gas flow path 50
are flow paths for the refrigerant between the condenser portion 30 and the evaporation portion 20.

5The condenser;pprtion 30ds afranged at g position higherithan the evapgratign portion 20.
Specifically, the condenser portion 30 is arranged above the evaporation portion 20 in the vertical

direction, WitkPEhéﬂfﬁi;lWﬂO\ﬁfb%trf@@"féhﬂ@;h@.géé fldw path Bledreaniged 1ethereberweéan. In short, from
the above, the, condenser portion 30, the liguig flow pﬁ%‘tﬁ%éﬂd the, qr%]%ﬁgwr%@ﬁ 50. ang the

evaporation portion 20 are arranged vertically in this order. e case 60 includes rectangular
main plate memBeisE56liand siderplatesaembers62.  The liquid flow path 40 is made of a

i o SELLTE e 4o e T P oy et
plate membert6k Thehydrophobie flow path taembeh 41 facesranbthetmaincplate on the

surface is formed to form a flow path for the working

fluid from the first ccndenser zone to the evaporation

zone, which enables easier manufacture, higher

10 reliability, and lower costs.

The heat spreader manufacturing method according to
the embodiment of the present invention may further
include arranging a second condenser zone in a third
position, the third position being one of lower than and

15 apart from the first pesition, and forming a second
nanomaterial layer having hydrophilicity on a surface,
between the evaporation zone and the second condanser
zone.,

According to the embodiment of the present invention,

20 the second nanomaterial layver having hydrophilicity on
the surface is formed to form a flow path for the working
fiuid from the second condenser zone to the evapeoration
zone, which enables easier manufacture, higher
reliakbility, and lower costs.

25 In the heat spreader manufacturing method according
to the embodiment of the present inventlion, the first
nanomaterial laver may be formed vertically or
inclinatorily.

According to the embodiment of the present invention,

30 in a case of arranging the first nanomaterial lavyer
vertically, there can be provided a manufacturing method

of the heat spreader in which the flow of the working



member 61 via the inner space of the case 60. The surface of the hydrophobic flow path member 41
mainly functions as the liquid flow path 40. Further, the inner 25space mainly functions as the gas flow
path 50. However, the flow paths cannot be divided clearly. Actually, the liquid-phase refrigerant
(hereinafter referred to as liquid refrigerant) may flow in the inner space, and the gas-phase refrigerant
(hereinafter referred to as gas 30refrigerant) may flow on the surface of the hydrophobic flow path

member 41. Theévhpdration pofior 26 fe-thermraly conhedted Swith% helat scurée 76 tHe main

plate member.6L -The phrase thesmally-connectedimeans. inraddition to direct gonpeetionsgonnection
via a thermal conductor, for example. The heat source 70 is, for example, an 5electronic component

such as a CPEF 55e§istihct6r anottisr dBdice hatdetietated KE4t. 17 Fhefeat Spreader 10 of this

embodiment is 30:2%:mm lengthh(e) on-eaeh sideana-2-5imm width{(w)sfor example: Theteat
spreader 10 having such a sjze is for a CPU of 10a PC as the heat source 70, thermal%\/ﬁconnected to

the heat spreadef“t0’ Thé Size ofthe heatSpréader 10 may be defined iH a6dordance Withthe size of

the heat souree: 7@ =E@rexample, im a.case where thesheat seurce 72 thetmally conrietted te the heat
spreader 10 is a heFt 15source of a i g -sized %igglaxlor gChe like, the length e mgyf bﬁ sg%to about
2600 mm. The$ize gﬁﬁgﬁﬁ%?spi?eeé er109s defined sich thastpthgargfer'iléeréﬁt can flow and condense
appropriately.flhcadditidit, the shape of the heat spreadéntO i hotilimited tonthetireetangutart

condenser zones to the evaporation zone can be Improved.

In a fourth aspect of the invention, there is
provided a heat spreader manufacturing method,
comprising: forming, on a substrate having an evapcration
arga, a nancmaterial layer having hydrophobicity on a
surface; and forming, on the nanomaterial layer, a
hydrophilic area 1In a direction toward the evaporation
area.

According to an embodiment of the present Iinvention,
there 1is provided a heat spreader manufacturing method
including forming, on a substrate having an evaporation
area, a nanomaterial layer having hydrophecbicity on a
surface, and forming, on  the nanomaterial layer, a
hydrophilic area in a direction toward the evaporation
area.

According to the embodiment of the present
invention, the hydreophilic area is formed on the
nanomaterial layer having hydrophobicity on the surface
to form a flow path for the working fluid to the
evaporation area, which enables casier manufacture,
higher reliabllity, and lower costs.

In the heat spreader manufacturing method acceording

to  the embodiment o©f the present invention, the



20shape as shown in this embodiment. The operating temperature range of the heat spreader 10 is for
example -40 degrees to +200 degrees, approximately. The endothermic density of the heat spreader
10 is for example 8 W/mm?2 or lower. 25The hydrophobic flow path member 41 is made of a
hydrophobic nanomaterial. The hydrophobic nanomaterial is for example, carbon nanotube, but not
limited to the above. The hydrophobic flow path member 41 has hydrophobicity at least on the surface.
In other words!30tke BatirechyFGEh It fIGW pathiiember 4 £ may Have hydiophdBicity oPthe surface
thereof may be subjected-tg ahydrophobic processing. The thickness t of the hydrophobic flow
path member 41 is for example 100 nm to 100 pm. In a case where carbon nanotube is used as the
nanomaterial, the lerijth of e Barborhandtibe is SBPEIFFAM to 00 pm- i SFig 4 7¥Bider for
easily understanding; the: scale satio ofrtherhydiophobic.flow pathemember 41 with-respectte the case
60 is made larger than the actual configuration. In addition to the hydrophobic flow path member 41,
10the evapor&tisH FortioR 20 May beYormad of AThandmatéridl”Fhe Hanomamerial HAS AT ®
nanostructuresan-thersurface, sohcampareddo a-casei where the evaporation portion 20 is formed of a
metal material or the like, the surface area thereof increases and thus the evaporation 15efficiency
improves. The carbo%cﬁé)ﬁoqfﬁﬁlg hé‘soarﬁf‘r%xi ately 16 ?ﬁf‘ecgeﬁigﬁ)ér thékmal Conduictande than copper,
a typical metat matentalcfracmetaldieat spreader; farlexampléi Aceordingly; in a«<ase wwhere the
evaporation portion 20 is made of carbon nanotube, an
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20extremely improved evaporation efficiency is obtained compared to an evaporation portion made of
a metal material such as copper. Thus, the evaporation portion 20 can be made smaller. The
condenser portion 30 may also be made of a nanomaterial. 25The case 60 is made of a metal
material. The metal material is for example, copper, stainless steel, or aluminum, but not limited to the
above. Other than the metal, a material having a high thermal conductance such as carbon may be
employed. AlloFH&' maif Prate MémberISI815&7d tHeSide Plate MembBfs 62 Ky e forfied of
different mateﬁiglstrg.@ge@ji\.fel)b@05}3@@&{3@@,may be formed of the same material, or all of them may
be made of the same material. The main plate members 61 and the side plate members 62 may be
bonded by brazing, tRaFRE#elted, 6Fmay BeBonael With anadhesive matérial depefding’on the
materials. SAs:therefrigerant; puresaier; aleaholsueh gs-ethanal, methanoel; enisopeepyl alcohol,
chlorofluorocarbon, hydrochlorofluorocarbon, fluorine, ammonia, acetone, or the like may be used, but
not limited to tH& above: Mearihile ifView of TatéAt Heat 100t bresdiie of the global environment,
pure water is preferable: {©paration of beat:spreader) f<Ehesoperationiofdhie heatspreader 10 as
structured abg\éle will be destcribed. Fig._. Sis a scj[f}er%atic diagraQVéLSashgglvir%@eiorpeﬁagi n. The heat
spreader 10 is’: Ssuméd'to be éﬁgﬁé}ed Stich'tha theerﬁgfﬁeplé%eLmemgers% are a‘rrangg , for
example, vertically.the following detailed description of best mode

embodiments therecof, as 1llustrated in the accompanvying
drawings.

Brief Descripticn of Drawings

Fig. 1 1s a plan view of a heat spreader according
to a first embodiment of the present invention;

Fig. 2 is a side view of the heat spreader of Fig.
1;

Fig. 3 is a front view of the heat spreader of Fig.
1;

Fig. 4 1s a longitudinal sectional view of the heat
spreader, seen from the A-A line of Fig. Z;

Fig. 5 is a schematic diagram showing an operation
of the heat spreader of Fig. 1;

Fig. 6 is a flowchart showing a manufacturing method
of the heat spreader of Fig. 1;

Figs. 7 are schematic diagrams showing in sequence
an injection method cf a refrigerant into a case;

Fig. 8 is a longitudinal sectional wview showing a
heat spreader according to a second embodiment of the
preset invention;

Fig. 9 1is a schematic diagram showing an operation
of the heat spreader of Fig. 8;

Fig. 10 is a plan view of a heat spreader according

to a third embodiment of the present invention;



When the heat source 70 generates heat, the heat is ansferred to the evaporation portion 20 via the
main 20plate member 61 of the case 60. Then, the liquid refrigerant in the evaporation portion 20
evaporates to be the gas refrigerant. The gas refrigerant flows in the gas flow path 50 toward the
condenser portion 30 (arrow A). As the gas refrigerant flows in the gas flow path 50, 25the heat
diffuses, and the gasrefrigerant sondensesiinthe sandenser portion 30 torsbe theiquidiphase (arrow
B). Thus the heat spreader 10 radiates the heat (ﬁrrow C). The liquid rleérjgerant flows in the liquid flow
path 40 to retSRTRANE evapbratiohHokiGA 207 arrow' Df 30By Tépeating the above operation, the heat
of the heat source 7@ isdiffused by the heat spreader16. Byeentiglling:therefrigerantiffoy paths such
that the liquid refrigerant flows in the liquid flow path 40 (arrow D) and that the gas refrigerant flows in
the gas flow path B0{aHEW AFEYBE4&HEd dHove’ ft i€ pESSDIE 1o dERFeasR he fair of mixture of the
liquidsefrigerant and:the gasyefrigerant. .o i thheioperational zenes as shewpibydthe areows Ato D in
Fig. 5 are merely rough guide or rough standard, and not clearly defined since respective operational
zones may b@ﬁﬁﬂéd%@eor@%‘gﬁtoﬁﬁ%rﬁB@nt%f%eé%ﬁ@né%gteélﬁObyll%é heat source 70 or the like.
The flow of the liquidyrerigerant g the Jguid;floy pa4Q;as shewn bydhe asioveDail pe described.
The liquid refrigerant flows in the liquid flow path 40 from the condenser portion 30 arranged at a
higher seen from the D-D line of Fig. 13; and

Fig. 15 is a perspective view showing a desktop PC
10 as an electronic apparatus including the heat spreader
according to one of the embodiments of the present
invention.

Description of Preferred Embodiments

Hereinafter, embodiments of the present invention
15 will be described with reference to the drawings.
(First embodiment)
(Structure of heat spreader)
Fig. 1 is a plan view of a heat spreader according
to a first embodiment of the present invention. Fig. 2
20 is a side view of the heat spreader of Fig. 1. Fig. 3 is
a front view of the heat spreader of Fig. 1. Fig. 4 is a
longitudinal sectional view of the heat spreader, seen
from the A-A line of Fig. 2.
As shown in Figs. 1-4, a heat spreader 10 includes a
25 thin rectangular case 60. The case 60 includes therein
an evaporation portion 20, a liguid flow path 40 {(first
flow path), a gas flow path 50, and a condenser portion
30 (first condenser portion). The case 60 further
includes a refrigerant (not shown) {working fluid),
30 sealed therein.
The liquid flow path 40 and the gas flow path 50 are

provided between the condensexr portion 30 and the

10



15position to the evaporation portion 20 arranged at a lower position by gravity. Since the liquid flow
path 40 is arranged vertically, the liquid refrigerant can flow in the liquid flow path 40 efficiently. The
main part of the liquid flow path 40 is the 20surface of the hydrophobic flow path member 41 having
hydrophobicity. Because of the hydrophobicity, when the liquid refrigerant flows in the liquid flow path

40, it is possible, tg.keep the contact.angle,with respegt;tg, the hydrophobic flow patlmember 41 larger.

As a result, the 25tlow efficiency in the direction of gravity can further be increased. In the case where
the hydrophobie o baith prephbér4 risamade of parlbon namotdde shfcerthewa@bén nanotube has a

large hydrophogiclik.on the, suase e lauiddelriaaraniean flow i ng, iyl oy fath 3040 from the

condenser portion 30 to the evaporation portion 20 with higher efficiency. As a result, compared to a

case of causingctheiliquid fefrigerant to flow with a capillary force, the biased distribution of the liquid
refrigegant can be ma@qe smgl}jg and the f!%/\é Eath rg@iSEance cannbe@ gmaaéler. Accor in%I , a fear of

decrease of the supp &mount of 5theé Ii}awd re?r}:llge“rant {0 thé evaporation p%rﬁgns 20°7s ecreased, so,

the circulationlof #he: refrigerant isenat-aglversety affected mndrthé bperéatien stability. tan be realized.

the condenser portion 30 is arranged above the
evaporation portion 20 in the vertical direction, with
the liquid flow path 40 and the gas flow path 30 arranged

10 therebetween. In short, from the above, the condenser
portion 30, the ligquid flow path 40 and the gas flow path
50, and the evaporation portion Z0 are arranged
vertically in this order.

The case 60 includes rectangular main plate members

15 1 and side pla?e membars &2.

The liquid flow path 40 is made of a hydrophobic
flow path member 41 (first nanomaterial layer). The
hydrophobic flow path member 41 is formed at an
approximately center portion in the vertical direction of

20 an lnner surface ©4 of one main plate member 61. The
hydropheobic flow path member 41 faces another main plate
member 61 via the inner space of the case 60. The
surface of the hydrophobic flow path member 41 mainly
functions as the liquid flcw path 40. Further, the inner

25 space mainly functions as the gas flow path 50. However,
the flow paths cannot be divided clearly. Actually, the
liguid-phase refrigerant (hereinafter referred to as
liquid refrigerant) may flow in the inner space, and the
gas-phase refrigerant (hereinafter referred to as gas

30 refrigerant) may flow on the surface of the hydrophobic
flow path member 41.

The evaporation portiocn 20 is thermally connected

11



It should be noted that, to the surface of the main 10plate member 61 of the heat spreader 10, a

not-shown heat radiation member such as a heat sink may be thermally connected. In this case, the
heat diffused by the heat spreader 10 is transferred to the heat sink, and radiated from the heat ’sink.
15(Heat spreader manufacturing method) Next, an embodiment of the manufacturing method of
the heat spregder, 1Q wilk be desgribed. Fig-A is afleweharnt shawing thembanufadturingrmethod. The
hydrophobic flow path member 41 is formed on the 20inner surface 64 oéthetmacip glgéecmember 61

(Step 101). SpeEHieaIly: F6rExample 8 Mo ShEWN Lataljst layerds formed on the ihner surface 64, and

the hydrophoig, panomaferialis,denselyfarmed on the satelyst dayed the pandmaterial is formed on
the catalyst layer by 25plasma CVD (Chemical Vapor Deposition) or thermal CVD, but not limited to

the above.  &x*RNext; the maifl pldte mémBerEeT and the Side piateMHemberd 62 are bonded
liquidtightly (Step.102) toform the case 60, ithebanding; the:respective: plads 30members are

precisely aligned. Accordingly, in the inner space of the case 60, the condenser portion 30, the liquid
flow path 40 asithiesurfatevdfthe BydfopHobRt 6% Sath Fiember 41, the gas flow path 50, and the

evaporation portion 20 are farmed. ... . Next, the rgfrigerant is{pisetegkinto the casez tewbe sealed
(Step 103). Figs. 7 are schematic diagrams 5showing in sequence the injection method of the
length (e} on each side and 2-5 mm width (w%, for example.

The heat spreader 10 having such a size is for a CPU of

10 a PC as the heat source 70, thermally connected to the
heat spreader 10. The size of the heat spreader 10 may
he defined in accordance with the size of the heat source
70. For example, in a case where the heat source 70
thermally connected to the heat spreader 10 is a heat

15 source of a large-sized display or the like, the length e
may be set to about 2600 mm. The size of the heat
spreader 10 is defined such that the refrigerant can flow
and condense appropriately. In addition, the shape of
the heat spreader 10 is not limited to the rectangular

20 shape as shown in this embodiment. The operating
temperature range of the heat spreader 10 1s for example
-40 degrees to +200 degrees, approximately. The
endothermic density of the heat spreader 10 is for
example 8 W/mm® or lower.

25 The hydrophobic flow path member 41 is made of a
hydrophobic nanomaterial. The hydrophobic nanomaterial
is for example, carbon nanotube, but not limited to the
above. The hydrophobic flow path member 41 has
hydrophobicity at least on the surface. In other words,

30 the entire hydrophobic flow path member 41 may have
nydrophobicity or the surface thereof may be subjected to

a hydrophobic processing.
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refrigerant into the case 60. The case 60 includes an injection port 67 and an injection path 65. The
injection port 67 and the injection path 65 are provided to one main plate member 61, for example.
10As shown in Fig. 7A, the pressure of the inner space of the case 60 is decreased via the injection
port 67 and the injection path 65, for example, and the refrigerant is infused into the inner space from a

not-shown dispenserwia tha.injegtion port 6 and the injection-ibpath 66w paAs shewndr Fig. 7B, a
press area 66 is pressed and the injection path 65 is closed (temporal sealing). The pressure of the
inner space ofthe tasé B0 i8EErdaset{ia BRottfer HjBctth pat 65 ahd Shothetifjection port 2067,

and when the pressure gf thecinner spaceseftthe £aseb0-1eashes atarget pressure,the press area 66
is pressed and the injection path 65 is closed (temporal sealin%). As shown in Fig. 70, at a side closer

to the 25injectioh [S6re 67 thar the prass &rea 68, fiietinfectioh pafii'e5 s ¢leSed By lasér welding for
example (final;sgaling). Agcordingly, the inner.space of the heat.spreader L0 isssealed tightly. By

infusing the refrigerant into the inner space of the case 60 to be 30sealed as described above, the
heat spreader20tis arufabtiréd Nerhivelieat seurde 0 is1rBaREed4d &'PdsiticiF 6P Yhe main

plate member 61, crresponding ta the evaporatiop. portion 20, (Step, 104), jn a case where the heat

source 70 is a CPU, the process is for example a reflow soldering processing.
configuration.

In addition to the hydrophobic flow path member 41,

10 the evaporation portion 20 may be formed of a
nanomaterial. The nanomaterial has a nanostructure on
the surface, so, compared to a case where the evaporation
portion 20 is formed of a metal material or the like, the
surface area thereof increases and thus the evaporation

15 efficiency improves. The carbeon nanotube has
approximately 10 times higher thermal conductance than
copper, a typical metal material of a metal heat spreader,
for example. Accordingly, in a case where the
evaporatiocn porticn 20 is made of carbon nanotube, an

20 extremely improved evaporation efficiency is obtained
compared to an evaporation portion made of a metal
material such as copper. Thus, the evaporation portion
20 can be made smaller. The condenser porticn 30 may
alsc be made of a nanomaterial.

25 The case 60 is made of a metal material. The metal
material is for example, copper, stainless steel, or
aluminum, but not limited to the above. Other than the
metal, a material having a high thermal conductance such
as carbon may be employed. ALl of the main plate members

30 61 and the side plate members 62 may be formed of
different materials respectively, some of them may Dbe

formed of the same material, or all of them may be made



5The reflow processing and the manufacturing processing of the heat spreader 10 may be executed at
different areas (for example different factories). So, in the case of executing the infusion of the
refrigerant after the reflow processing, it is necessary to transport 10the heat spreader 10 to and from
the factories, which leads to problems of cost, manpower, time, or generation of particles of the
transfer between fagtoriesmAcearding torthe maaufacturinglmethagafifdgs. %1t isrpossibie to execute
the reflow processing after the 15completion of the heat spreader 10, solving the above problem.

According to the Hhahufacturiginethod bt tRE KeSEspieader16 8 i érmbadintdnitt by farming the

nanomaterial havingdydraphebicity-at-a-presdetermined 20atea-hefore thedarmation of the case 60
and the injection of the refrigerant, the heat spreader 10 including the condenser portion 30, the liquid

flow path 40, tHePGASHSW path 5O Cafmpifeeviapdration portion 20 can be manufactured. Accordingly,

the manufacturing 25method ofdhe heat-spreadgr.¢an he-simplified. Furher, sincejitis not necessary
to be subjected to a hydrophobic processing or the like, it enables lower costs, easier manufacture,

and higher refabifity (SedbRa embddintent) St{BHtELIte df ReédtSpreader)
chlorcfluorocarbon, hydrochlorofluorocarben, fluorine,
ammonia, acetcne, or the like may be usad, but not
limited to the above. Meanwhile, in view of latent heat
10 or preserve of the global envircnment, pure water is
preferable.
(Operation of heat spreader)
The operation of the heat spreader 10 as structured
above will be described. Fig. 5 is a schematic diagram
15 showing the operation. The heat spreader 10 is assumed
to be arranged such that the main plate members 61 are
arranged, for example, vertically.
When the heat source 70 generates heat, the heat is
transferred to the evaporaticn portion 20 via the main
20 plate member 61 of the case 60. Then, the liqguid
refrigerant in the evaporation portion 20 evaporates to
be the gas refrigerant. The gas refrigerant flows in the
gas flow path 50 toward the condenser portion 20 (arrow
A). As the gas refrigerant flows in the gas flow path 50,
Z5h the heat diffuses, and the gas refrigerant condenses in
the condenser portion 30 to be the liguid phase (arrow B).
Thus the heat spreader 10 radiates the heat (arzow C).
The liguid refrigerant flows in the liguid flow path 40
to return to the evaporation portion Z0 (arrow D).
30 By repeating the above operation, the heat of the
heat source 70 is diffused by the heat spreader 10.

By controlliing the refrigerant flow paths such that
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A second embodiment of the present invention will be described. In the following, components,
functions, and the like similar to those of the heat spreader 10 of the above embodiment will be
attached with similar reference symbols, the description will be simplified or omitted, and different part
will mainly be described. Fig. 8 is a longitudinal sectional view showing a heat spreader according
to the secondrersbodiment of therpresetinvefifions in AssshbwnihdFig.i8va hedt'spt@ader 110 has

a thin rectangular case 160 similar to the case 60 of the heat 10spreader 10 of Fig. 2 The case
160 includes tHer&iR*an evapbtation bo}%(’)% 50, arf?;’rg| %&ed%%%gr fg%’éﬁ 130, a second condenser

portion 131, acfirst;liguid flowopath A40.(first flow path);ra secorekliguid flow path 242 ¢sécond flow
path), 15a first gas flow path 150, and a second gas flow gdgthﬂ%fél 'I'ih(jeh_lc(';clfer%3 3:is im}{%ﬁg with the
not-shown refrigefiiit: €2 Sthe-fifkt figaid fotv fath 1407 and the irst gas fiow path 180 are provided

between the firsticandensek pedioniki0-and the evaporation portion 120. The first 20liquid flow path
140 and the first gas flow path 150 are flow paths for the refrigerant Fetween the f'};&st condenser
portion 130 and the &WEhGtafidH portioh'170° S TAE sELoHd ligdid fiow pa

ow path 442 an the second gas
flow path 151 are provided hetween the second:condenser-25pestiom 131 anddhel gvaparation portion
120. The second liquid flow path 142 and the second gas flow path 151 are flow paths for the
refrigerant betwderrthesebpndconteAser porfion 438 Hnd the eVRpbFAtiOR Fortic 128, The first

condenser pogtion 130 is arrangedshigher 3pthandhe gvaparation portion120.epecificedly, the first
condenser portion 130 is arranged higher in the vertical direction than the evaporation portion 120 with
10 by the heat source 70 or the like.
The flow of the liquid refrigerant in the ligquid
flow path 40 as shown by the arrow D will Dbe described.
The liguid refrigerant flows in the liquid flow path
40 from the condenser portion 30 arranged at a higher
15 position to the evaporation portion 20 arranged at a
lower positicn by gravity. Since the liquid flow path 40
is arranged vertically, the liquid refrigerant can flow
in the liquid flow path 40 efficiently.
The main part of the liquid flow path 40 is the
20 surface of the hydrophobic flow path member 41 having
hydrophobicity. Because of the hydrophobicity, when the
liguid refrigerant flows in the liguid flow path 40, it
is possible to keep the contact angle with respect to the
hydrophobic flow path member 41 larger. As a result, the
25 flow efficiency in the direction of gravity can further
be increased. In the case where the hydrophobic flow
path member 41 is made of carbon nanctube, since the
carbon nanotube has a large hydrophobicity on the surface,
the liguid refrigerant can flow in the liqguid flow path
30 40 from the condenser portion 30 to the evaporation
portion 20 with higher efficiency.

As a result, compared to a case of causing the
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the first liquid flow path 140 and the first gas flow path 150 arranged therebetween. The second
condenser portion 131 is arranged lower than the evaporation portion 120. Specifically, the 5second
condenser portion 131 is arranged lower in the vertical direction than the evaporation portion 120 with
the second liquid flow path 142 and the second gas flow path 151 arranged therebetween. Thus, from
the above, the fitst condemsarpartion 10230 1the firstdiquid few patha 140 and tke fitstgas flow path

150, the evaporation portion 120, the second liquid flow path 142 and the second gas flow path 151
and the secoﬁ&%éﬁé%ﬁ@e?%%ﬁ%@fa?efaﬁgqﬁg d %I’]ﬁg = £ SE ’

. : ally in‘this order. 157 he case 160 includes
rectangular main, plate- membens:6diand siderplatesmembers162n bd herfustiliguid flow path 140 is

made of a hydrophobic flow path member 141 (first nanomaterjal layer). The hydrophobic flow path
member 141 ffefrad 20hY an imAfetiately GPper portior-thah the %%%&r%ti%%%%r ion"120 of an inner

- surfage 164 of one main platespember 161. The hydrophobicflow pathgnembern 121 faces another
main plate member 161 via the inner space of the case 160. The surface of the hydrophobic flow path
25member 141y fihctibAs a5 e frst fguitigw path the refrigerant is mot

adversely affected and the operation stabillity can be
realized.

Tt should be noted that, to the surface of the main

19 plate member 61 cf the heat spreader 10, a not-shown heat
radiation member such as a heat sink may be thermally
connected. In this case, the heat diffused by the heat
spreader 10 is transferred to the heat sink, and radiated
from the heat sink.

15 . (Heat spreader manufacturing method)

Next, an embodiment of the manufacturing method of
the heat spreader 10 will be described. Fig. 6 is a
flowchart showing the manufacturing method.

The hydrophobic flow path member 41 is formed on the

20 inner surface 64 of the main plate member 61 (Step 101).
Spéciiically, for example, a not-shown catalyst layer 1is

_ formed on the inner surface 64, and the hydrophobic
nanomaterial is densely formed on the catalyst layer.
The nanomaterial is formed on the catalyst layer by

25 plasma CVD (Chemical Vapor Deposition) or thermal CVD,
put not limited to the above.

Next, the main plate members 61 and the side plate
members 62 are bonded liguid-tightly (Step 102) to form
the case 60. In the bonding, the respective plate

30 members are precisely aligned. Accordingly, in the inner
space of the case 60, the condenser porticn 30, the

liquid flow path 40 as the surface of the hydrophobic
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140. Further, the inner space mainly functions as the first gas flow path 150. However, the flow paths
cannot be divided clearly. Actually, the liquid refrigerant may flow in the inner space, and the gas
refrigerant may flow 30on the surface of the hydrophobic flow path member 141. The second liquid
flow path 142 is made of a hydrophilic flow path member 143 (second nanomaterial layer). The
hydrophilic flows path-aembesdda4s farmechat am immediately towerlportion thdrethe evaporation

portion 120 of the inner surface 164 of thf one rerga!{ %In%%member 161. The hydrophilic flow path
member 143 STEERS A& diHeriidin Pidte hefiber 18

via the inner space of the case 160. The

surface of the hydroghilie flowrpath afember-243 mainlyfdrctions asithe sebend figuid §low path 142.

Further, the inner space mainly functions as the second gas flowga}tlh 1536.,Hové{ever the flow paths
are : ic dlaghams

10cannot be divided &%ﬁ%cf@éﬁ@?tﬁeolf’duid rgfr%se"rant may fI6W In the inner Sp cea} and the gas

refriggrant may,flQw op the sukface of the-hydrophilie flowrpath memberf1431sThe evaporation portion
120 is thermally connected 15with the heat source 70 via the main p %te,me ber 16%. The
hydrophobic figi pafieiaitber 149 drtFthedsifdrGphilic ol patR émbear 143 are made of

nanomaterial.; The, hydrgphabis floyw path-member 143 hasrhydsephabicity atleast on the surface. In
other words, the entire 20hydrophobic flow path member 141 may have hydrophobicity or the surface

thereof may bensiisfécted t>a HydPopHobic processingC FHE hyBrophilicTiow fath THEMBET 143 has
hydrophilicity at least o the, surface, Ip aiherwerds, theyentire hydeophilic flow path member 143 may

have 25hydrophilicity or the surface thereof may be subjected to )

10 As shown in Fig. 7A, the pressure of the inner space
of the case 60 is decreased via the injection port 67 and
the injection path 65, for example, and the refrigerant
is infused into the inner space from a nct-shown
dispenser via the injection port 67 and the injection

15 path 65.

As shown in Fig. 7B, a press area 66 1s pressed and
the injection path 65 is closed (temporal sealing). The
pressure of the inner space of the case 60 is decreased
via another injection path 65 and another injection port

20 67, and when the pressure of the inner space of the case
60 reaches a target pressure, the press area 66 is
pressed and the injection path 65 is closed (temporal
sealling).

As shown in Fig. 7C, at a side closer to the

25 injection port 67 than the press area 66, the injection
path 65 is closed by laser welding for example (final
sealing). RAccordingly, the inner space of the heat
spreader 10 is sealed tightly. By infusing the
refrigerant into the inner space of the case 60 te be

30 sealed as described above, the heat spreader 10 is
manufactured.

Next, the heat source 70 is mounted to a position of
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a hydrophilic processing. The hydrophobic flow path member 141 and the hydrophilic flow path
member 143 may be made of the same nanomaterial. In this case, after forming the flow path 30
members with the nanomaterial, appropriate hydrophilic processing may be executed. The hydrophilic
processing may be for example nitric acid processing or ultraviolet radiation. in addition to the
hydrophobic flew path memberdl 4eand:-thediydrophilie pwrpath enembér®43, the evaporation portion
120, the first condenser portion 130, and the 5secon ndenser portion 131 .may be formed of
nanomaterial “TRE tHid tpoqlfﬁéﬁ?dr%%h |+‘E':e1‘%vc\/1 gg ‘mes"r[i%ear 141%and" %ﬁ%%y(%g%hilic flow path
member 143 js-foF example:100 ninsta=100pm. tmEige B; reardet foriasily vaderstarding, the scale

ratio of the hydrophobic flow path member 141 and the hydrophilic flow path member 143 with respect
to the case 166 i AAdETarger thdh theHctTa tontiguration. The case 160 may be made of a metal

mategjal. 15 The heat,spreader;10,is:30-60 mm lengtht(ey oneach sidexane2-5 mm width (w), for
example. The shape of the heat spreader 110 is not limited to the rgctangular shglpe as shown in this

embodiment. FOPEFatibh 6 Heht Shfeaden 2 G0sTation of the FéatSpreader 110 as structured

above will be gesetibed, Fig.. 9 is-a sehamatic giageam shewinghtheroperatian: She heat spreader 110
is assumed to be arranged such that the main plate members 161 are arranged, for example,

vertically. 25Whe e Réatsctifc& 70 geherstes heat 1he Aeatis Wanshirdd to'the &vapbration

pOMOﬂlZOV@%@gfn@He reflow processing, it is necessary to transport

16 the heat spreader 10 to and from the factories, which
leads to problems of cost, manpower, time, or generation
of particles of the transfer between factories.
According to the manufacturing method of Figs. 7, it is
possible to execute the reflow processing after the

15 completion of the heat spreader 10, solving the above
problemnm.

According to the manufacturing method of the heat
spreader 10 of this embodiment, by forming the
nancmaterial having hydrophobicity at a predetermined

20 area before the formaticn of the case 60 and the
injection of the refrigerant, the heat spreader 10
including the condenser portion 30, the liquid flow path
40, the gas flow path 50, and the evaporation portion 20
can be manufactured. Accordingly, the manufacturing

.25 method of the heat spreader can be simplified. Further,
since it is not necessary to be subjected to a
hydrophobic processing cor the like, it enables lower
costs, easier manufacture, and higher reliability.

(Second embodiment)

30 (Structure of heat spreader)

A second embodiment of the present invention will be

described. In the folleowing, components, functions, and
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plate member 161 of the case 160. Then, the liquid refrigerant in the evaporation portion 120
evaporates to be the gas refrigerant. Part of the gas refrigerant 30flows in the first gas flow path 150
toward the first condenser portion 130 (arrow A'). As the gas refrigerant flows in the first gas flow path
150, the heat diffuses, and the gas refrigerant condenses in the first condenser portion 130 to be the

liquid phase (amkew B'). I hus:the heat spreader 110 radiatesdhe hept-tausrove C)0Tbe liguid refrigerant
flows in the first liquid flow path 5 140 to return to the evaporation portion 120 hI(eargow D). The
operation is siffifaY fo B GHErARBH of thetarr6we B pUFFg 5. Wiedhhile® bttt partofthie gas

refrigerant genefated in theyevagarationjportion 420 flows in the, 19secand.gasshow path, 151 toward
the second condenser portion 131 (arrow E). As the gas refrigerant flows in the second gas flow path

e
151, the heat diffdses fdsd tegagctrigerant B6rdensesn i%?es%okﬁ%dcondenser portion 131 to be
the ligyiid phase (arrqw F). Thus;the heat spreader 110Jadiatesthe heat (arsow:G)- £he liquid

refrigerant flows in the second liquid flow path 142 to return to the evaporation portion 120 (arrow H).
By repeating the &bove Gpeiation: #5e Keat'ef the Heat s6Gree 7 iSTHiffisEasy the heat 3preader 110.
20By controlling the. refrigerant flow paths such that the liquid refrigerant flows in the first liquid flow
path 140 and the second liquid flow path 142 (arrow D', arrow H) and that the gas refrigerant flows in
the first gas flow pati 56 apidthé 3e€énd gis flawsah 15 (afreR 25 Carié B as'déscribed

above, it is possiple, o gadiease, e falfpfabure of the iguld refdgerapt 3ad the.ogs fefrigerant,
The operatlonanones as shown by the arrows A’ to D' and the arrows E to H in Fig. 9 are merely
roughCguide spreader 10 of Fig. 2.

The case 160 includes therein an evaporation portion
120, a first condenser portion 130, a second condenser
portion 131, a first liquid flow path 140 (first flow
path), a second liquid flow path 142 (second flow path),
15 a first gas flow path 150, and a second gas flow path 151.
The case 160 is infused with the not-shown refrigerant.
The first liguid flow path 140 and the first gas
flow path 150 are provided between the first condenser
portion 130 and the evapcoration portion 120. The first
20 liquid flow path 140 and the first gas flow path 150 are
flow paths for the refrigerant between the first
condenser portion 130 and the evaporation poertion 1Z0.
The second liguid flow path 142 and the second gas
flow path 151 are provided between the second condenser
25 portion 131 and the evaporation portion 120. The second
liquid flow path 142 and the second gas flow path 151 are
flow paths for the refrigerant between the second
condenser portion 131 and the evaporation portion 120.
The first condenser portion 130 is arranged higher
30 than the evaporation portion 120. Specifically, the
first condenser portion 130 1s arranged higher in the

vertical direction than the evaporaticn portion 120 with
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300r rough standard, and not clearly defined. The flow of the liquid refrigerant in the second liquid
flow path 142 as shown by the arrow H will be described. The liquid refrigerant flows in the second
liquid flow path 142 as the surface of the hydrophilic flow path member 143 made of nanomaterial from
the second condenser 5portion 131 arranged at a lower position to the evaporation portion 120
arranged at athigheripesitioniwith a cépillary toree THie hydrophitic flowsgathasemhber143 has a
nanostructure on the surface, that is, an extr me%lOminute structure of 10 nm to 100 pm. For

example, Whé?@éﬁ?b&ﬁ%aﬁﬁﬁﬂfé%%nmgﬁg S5 %

/ eeﬁa"nomaterial, the diameter of the carbon
nanotube is 10 nm ta 8 rnea.andithedengthds 100sm 1@ %00 pm. Accordingly sthelliguid-refrigerant

can flow in the second liquid flow bath 142 15with a capillary force. Since the hydrophilic flow path
member 143 (&$ Rydrophititay ok e Strface; thé ﬂq&i%grefriggé)rgﬁtléérﬁ?e{a e thtehsgurface of the

hydrophilic floyepath-member 143-Ag aresult the mare liguickrefrigerantean flow imthe second liquid
flow path 142 20with a capillary force, and the flow efficiency from the second con ens,erég)ortion 131

to the evaporé&fdﬁ?é&ﬁéncijz’{)@(%?}iﬁé“irﬁﬁ%{}e&he WLHESHbL AHEE Facebrding 8 the' heat
spreader 110 of this embadiment, bothrthe.second liguid flowipathe second gas flow

path 151 arranged therebetwsen.
Thus, from the above, the first condenser portion

10 130, the first liquid flow path 140 and the first gas
flow path 150, the evapcration porticn 120, the second
liguid flow path 142 and the second gas flow path 151,
and the second condenser portion 131 are arranged
vertically in this order.

15 The case 160 includes rectangular main plate members
161 and side plate members 16Z.

The first liquid flow path 140 is made of a
hydrophobic flow path member 141 (first nanomaterial
layer). The hydrophobic flow path member 141 is formed

20 at an immediately upper portion than the evaporation
portion 120 of an inner surface 164 of one main plate
member 161. The hydrophobic flow path member 141 faces
another main plate member 161 via the inner space of the
case 160. The surface of the hydrophecbic flow path

25 member 141 mainly functions as the first liguid flow path
140. Further, the inner space mainly functions as the
first gas flow path 150. However, the flow paths cannot
be divided clearly. Actually, the liguid refrigerant may
flow in the inner space, and the gas refrigerant may flow

30 on the surface of the hydrophobic flow path member 1471.

The second liguid flow path 142 is made of &

hydrophilic flow path member 143 (second nanomaterial
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25142 causing the liquid refrigerant to flow with a capillary force and the first liquid flow path 140
causing the liquid refrigerant to flow by gravity are employed. Accordingly, the refrigerant is separated
to the second liquid flow path 142 side and the first liquid 30flow path 140 side. Thus, the biased
distribution of the liquid refrigerant can be made smaller, and the flow efficiency of the liquid refrigerant
from the first copdenser pasion,130-and thie-seicomd gonidenserpartion 431 ie the evapbration portion

120 can be improved. Accordingly, a fear of decrease of the supply amount of the liquid refrigerant to
the evaporatiéfy pBfticH" o6 s decréaséd’ b, %%rgrlc%rllat%ﬁa& th&ey?efﬁgg%on% |asgr3f(()>t adversely affected

and the operatiop:stability-can-be tealizedrkurthery Witheresgect4d oneevaperatiohiportion 120, a
plurality of flow paths, that is, the first Iigc)_;uid flow path 140 an%ﬁ.lhe seco&tqj quuidbflgw anth 142, and a
plurality of coRdénserBoriGis dértesponting #ieratys! that’s, the Tirét TondEnser portion 130 and the
secord condenser portion 131 san-heprovded swhichdimpraves heat diffusiomefficienpy.ddeat
spreader manufacturing method) 15To manufacture the heat spreader 110, a nagfmaterial layer is

formed to form&hé h§drsphdbicow patk n?é%ﬁlgéFf4f(fcoY#é€§p8?{8§iﬁ8@8§}épcl 9f Fig. 6), and

another nanomaterial layer js formeghand subjacted toapprapriate hydrophilic pregessing, to form the
hydrophilic flow path 20member 143. The nanomaterial is for example carbon nanotube, but not

limited to the &beove. TR hydrphilRUsT6EESsIng Rfay Bafor exBATpTe Affrid adid Processitiyor
ultraviolet radiation;, The gvaparation pertion 120;theirst cepdenser, the flow paths

10 cannot be divided clearly. Actually, the liguid
refrigerant may flow in the inner space, and the gas
refrigerant may flow con the surface of the hydrophilic
flow path member 143.

. The evaporation portion 120 is thermally connected

15 with the heat source 70 via the main plate member 161.

The hydrophobic flow path member 141 and the
hydrophilic flow path member 143 are made of nanomaterial.
The hydrophobic flow path member 141 has hydrophobicity
2t least on the surface. In other words, the entire

20 hydrophobic flow path member 141 may have hydrophcbicity
or the surface thereof may be subjected to a hydrophobic
processing. The hydrophilic flow path member 143 has
hydrephilicity at least on the surface. In other words,
the entire hydrophilic flow path member 143 may have

25 hydrophilicity or the surface thereof may be subjected to
a hydrophilic processing.

The hydropheobic flow path member 141 and the
hydrophilic flow path member 143 may be made of the same
nanomaterial. In this case, after forming the flow path

30 members with the nanomaterial, appropriate hydrophilic
processing may be executed. The hydrophilic processing

may be for example nitric acid processing or ultraviolet



25portion 130, and the second condenser portion 131 may be formed of nanomaterial. The
evaporation portion 120, the first condenser portion 130, and the second condenser portion 131 are for
example hydrophilic. After the formation of the hydrophobic flow path 30member 141 and the
hydrophilic flow path member 143, the heat spreader 110 may be manufactured with the
manufacturing meibed of:Step 102 to Step 104 of Fig. 6. According to the heat spreader
manufacturing methad of this embodiment, it |s not necessa to_form a wick structure or the like on

the surface of the liquidl ot path: Andt |§rbghly H&cé&%?;?to execute Bie-hydioPRific Sprocessing to

realize a capiliary actien rwhiehenables easier panufactiuiechigharreliabiity. angdower eests. (Third
embodiment) Fig. 10 is a plan view of a heat spreader according to a third embodiment of the

present inventiGh. Fig11 40is & Mhgithdinal SEGIGHAPFEW G the Peat SpreadBF sefi from the B-B

line of Fig. 105¢consi ShewRdn Eigs. 40and-11, the heal,spreader. 210 inciudes a thin rectangular
case 260. The case 260 is rectangular in the plan view. Seen from the lateral 15direction, the center

portion is arrangeaIGwEr thah Jeft and right end portions.
The thickness t of the hydrophobic flow path member

141 and the hydrephilic flow path member 143 1s for

exampie 100 nm to 100 pm. In Flg. 8, in orcer for easily

o
[

understanding, the scale ratio of the hydropheobic flow

path member 141 and the hydrophilic flow path member 143

with respect to the case 160 is made larger than the

actual configuration.
The case 160 may be made of a metal material.

i5 The heat spreader 110 is 30-50 mm length (e) on each
side and 2~-5 mm width (w), for example. The shape o0f the
heat spreader 110 is not limited to the rectangular shape
as shown in this embodiment.

(Operation of heat spreader)

20 The operation of the heat spreader 110 as structured
above will be described. Fig. 9 is a schematic diagram
showing the operaticn. The heat spreader 110 is assumed
to be arranged such that the main plate members 161 are
arranged, for example, vertically.

25 When the heat source 70 generates heat, the heat is
transferred to the evapeoration portion 120 via tThe main
plate member 161 of the case 160. Then, the liguid
refrigerant in the evaporation porticon 120 evaporates to
be the gas refrigerant. Part of the gas refrigerant

30 flows in the first gas flow path 150 toward the first

condenser portion 130 (arrow A'). As the gas refrigerant

flows in the first gas flow path 150, the heat diffuses,
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The case 260 includes therein an evaporation portion 220, a plurality of liquid flow paths 240 (first flow
path), a plurality of gas flow paths 250, and a plurality 200f condenser portions 230 (first condenser
portion). The case 260 further includes the refrigerant (not shown), sealed therein.  The liquid flow
paths 240 and the gas flow paths 250 are respectively provided between the condenser portions
25230 and the evaporatign Portion-22@.rEhe: liquid fewspaths 240 land the gas flondsaths 250 are flow

paths for the refrigerant between the condenser portions 230 and the eygporati ortign 220.
The evaporatiéh’porfién 238 igﬂ)rﬁ%dt&‘?hé]r&}é) &t éb%%?fﬁo? %ﬁ%wc;ésg ZGO.SHLESI'h@lgondenser

portions 230 ae-arranged-higher thanthe eyaperating peetion 220::Specifically, theecondenser
portions 230 are arranged higher than the evaporation portion 220 with the liquid flow %aths 240 and
the gas flow pat&1250 BfaRgEa TRETEbELTEEN. 11 Fig 9 15 tHePpiuralif) of condeRs&r pdtions 230 are

arranged at Ssubstaptially:the,same height, bubpetlimited to-the:above2The diguid:flow paths 240 and
the gas flow paths 250 are arranged so as to be inclined. Thus, from the above, the condenser

portions 230, THeliquie fiolvipaths 240-dhEHhE gas floWFp&HS 286" aRd tHe EvSpF&liGH Toportion 220
are arranged in this.erdgr..Thescase 260 includes main plate members 261 as an upper surface and a

bottom surface, and side plate members 262 as wall surfaces. The Ii%uid flow paths 240 are made of
hydrophobic Meanwhile, other part of the gas refrigerant

generated in the evaporation portion 120 flows in the

10 second gas flow path 151 toward the second condenser
portion 131 {arrow E). As the gas refrigerant flows in
the second gas flow path 151, the heat diffuses,; and the
gas refrigerant condenses in the second condenser portion
131 to be the liguid phase (arrow F). Thus the heat

15 spreader 110 radiates the heat (arrow G). The liguid
refrigerant flows in the second liguid flow path 142 to
return to the evaporation portion 120 (arrow H). By
repeating the above operation, the heat of the heat
source 70 is diffused by the heat spreader 110.

20 By controlling the refrigerant flow paths such that
the liquid refrigerant flows in the first liquid flow
path 140 and the second liguid flow path 142 (arrow o',
arrow H) and that the gas refrigerant flows in the first
gas flow path 150 and the second gas flow path 151 (arrow

25 A', arrow E) as described above, it is possible to
decrease the fair of mixture of the liguid refrigerant
and the gas refrigerant.

The operational zones as shown by the arrows A' to

D' and the arrows B to H in Fig. 9 are merely rough guide

30 or rough standard, and not clearly defined.

The flow of the liguid refrigerant in the second

liguid flow path 142 as shown by the arrow H will be
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15flow path members 241 (first nanomaterial layer). The hydrophobic flow path members 241 are
formed at a portion higher than the evaporation portion 220 and lower than the condenser portions 230
of an inner surface 264 of one main plate member 261 as the bottom surface so as to be 20inclined.
The hydrophobic flow path members 241 face another main plate member 261 via the inner space of
the case 260.Jdhe-surfaces of the hydrophobic flow path members 241 mainly function as the liquid

flow paths 240 in the inner. space. Further, the inner space mainly, 25function .the gas flow paths
250. However, the flg\ﬁ%a]rﬁs%rﬁwolf%%rdi\giﬁéar&eafg?%\%tu%ﬁy,thrﬁ% liguid’ Fe(?r{?elr% may flow in the

inner space, and-thegasefrigerant may: flowon the sutfaces of thiebydrophobitiftow pathhmembers
241. 30The heat spreader 210 of this embodiment is, for example, 30-50 mm Ierc?l%h%%e’)X on each side
W

(length of the BiSHgAfed-directdfof the SRIEPlatemember 263) afd 255 SRRt wit {iefgth of the

side asthogonglteithe elongated-direction afthe side:plate:member262) inthe plan view. The shape
of the heat spreader 210 is not limited to the shape as shown in this embodiment. 5The evaporation

portion 220 is ¥HERRAIR ‘ot eBRBMtH the Ne AStRIrEE 70 Va thelmaitdlakfiember 261, The

hydrophobic flpyw path r@g?pggsa%l are-made of a hydrophobic nanomaterial. The hydrophobic
nanomaterial is for example, carbon nanotube, but not limited to the 10above. The hydrophobic flow
path members 241 h&be hydrophbicity at fdast oRthE SURAEES. In vthériFords, the entire

hydrophobic flow path.members 241 may haue-aydrophebieity: or the-surfacesthargof may be
subjected to a hydrophobic processing. The thickness t of the 15hydrophobic flow path members 241
is fot examplet00iim. st ructure of 10 nm to 100 pm. For example, when

carbon nanotube is emploved as the nanomaterial, the
diameter of the carbon nanotube is 10 nm to 50 nm, and
the length is 100 nm to 100 pm. Accordingly, the liguid
refrigerant can flow in the second liguid flow path 142
135 with a capillary force. Since the hydrophilic flow path
member 143 has hydrophilicity on the surface, the liguild
refrigerant permeates the surface of the hydrophilic flow
path member 143. As a result, the more ligquid
refrigerant can flow in the second liquid flow path 142
20 with a capillary force, and the flow efficlency from the
second condenser portion 131 to the evaporation portion
120 can be improved.
As described above, according to the heat spreader
110 of this embodiment, both the second liquid flow path
25 142 causing the ligquid refrigerant to flow with a
capillary force and the first liquid flow path 140
causing the liquid refrigerant to flow by gravity are
employed. Accordingly, the refrigerant is separated to
the second liquid flow path 142 side and the first liquid
30 flow path 140 side. Thus, the biased distribution of the
liguid refrigerant can be made smaller, and the flow

efficiency of the liquid refrigerant from the first
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to 100 um. In a case where carbon nanotube is used as the nanomaterial, the length of the carbon
nanotube is set to 100 nm to 100 pm. In addition to the hydrophobic flow path members 241,
20the evaporation portion 220 and the condenser portions 230 may be formed of a nanomaterial.
The case 260 is made of a metal material, for example. The heat spreader 210 is different from the
heat 25spreagder 48 ©f he first emboedineéntsn thatthe hydrophobierfibsw path meibers: 241, the liquid

flow paths 240, and the gas flow paths 250 are inclined, the plurality of condenser portions 230,
hydrophobic flow path E‘?é?nk?e‘?@%ﬁ?ﬁdlﬁ& 3R paths 2 aé}?ar?él E;Pag)ﬁov%m% %‘5%85'250 are provided.

By forming thewigrephebie flow path menibers24d; the liguid flowspatis 24@ranchthecgas flow paths
250 to be inclined, it is possible to form the plurality of condenser portions ESO,thf%phoSbic flow path
members 241 guid-fiow Patiis s4d ahd as ffow PatHE 280 Atcardingly thé Fefrigerant is separated
in a purality of directions; Thus, the,biased distribution 5of the: iquid refrigeranticanhenmade smaller,
Accordingly, the flow efficiency of the liquid refrigerant from the co{t_rrl?(ign er_portions 530 to the
evaporation poHiGrH 220 Can beSrgroved: Sinde tHefuid-fiGiit pai ?i)lil‘i vé& fijdrdphobicity 100n

the surfaces, the liquid tefrigerantcan flow o the-avaperation pertion 220dy:gravitly even without
arranging the liquid flow paths 240 vertically. In the case where the inclination angle of the liquid flow
paths 240 is fether-smalléd the:hydropRoBitity 8Ahancas the flofrby-at 1s, the

first liguid flow path 140 and the second liguid flow
10 path 142, and a plurality of condenser portions
corresponding thereto, that is, the first condenser
portion 130 and the second condenser portion 131 can be
provided, which improves heat diffusion efficiency.
(Heat spreader manufacturing method)
15 To manufacture the heat spreader 110, a nancmaterial
layer is formed to form the hydrophobic flow path member
141 (corresponding to Step 101 of Fig. &), and another
nanomaterial layer is formed and subjected to appropriate
hydrophilic processing, to form the hydrophilic flow path
20 member 143. The nanomaterial is for example carbon
nanctube, but not limited to the above. The hydrophilic
processing may be for example nitric acid processing or
ultraviclet radiation.
The evaporation portion 120, the first condenser
25 portion 130, and the second condenser portion 131 may be
formed of nanomaterial. The evaporaticn portion 120, the
first condenser portion 130, and the second condenser
portion 131 are for example hydrophilic.
After the formation of the hydrophobic flow path
30 member 141 and the hydrophilic flow path member 143, the
heat spreader 110 may be manufactured with the

manufacturing method of Step 102 to Step 104 of Fig. ©.
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15 gravity. Thus, the heat spreader can be provided not vertically but substantially horizontally, and
can be provided depending on various provision conditions. Here, an example where two
condenser portions 230, two hydrophobic flow path members 241, two liquid flow 20paths 240, and
two gas flow paths 250 are provided is shown, but not limited to the above. For example, three or more
condenser portions 230 Jwarephakic flaw path members244 , tiquidfrovw: paths240: tindgas flow
paths 250 may be provided. 25The operation, of the%heat s§reager 2%0 i%sirrrlnilar to, Ehcq(operation of the
heat spreadeP10 Bt e fifdpefibbdihent (Fig. 5)"Reré the oW of the liquid reffigérant in the liquid
flow paths 240.(correspanding ta,arrowiR of Fig: 15 with mesely befdesedbed (30 Thefliguid refrigerant

flows in the liquid flow paths 240 from the condenser portions 230 qrrar%%:d t ghgg%ej{gogition to the
evaporation portidh 220Arrhhged AH oW Positiohby gravity “SinGe em%}*i HBW patis 240 are

inclingd, the ligpigl refrigerant can flaw in the liquid flovspaths 240y, gravity: T herliquie Bow paths 240
are the surfaces of the Shydrophobic flow path members 241 having hydrophobicity. Because of the
hydrophobicitgathediguith Feffigerant Boes nehS&rmtéad the Sifices S the Y aFophobicow path
members 241 when flewingin.the liguig.flqw paths 240, and therefore it is possible to keep the contact
10angle with respect to the hydrophobic flow path members 241 larger. As a result, the flow efficiency
can further be incredsed. Inltheicase whére thé HydfdpHbbicadw PatiFAeftbers 241 48 Made of

carbon nanotybe, sinGe the caiban naRALbe-has:a 9. hydiophobiciy anihe surfacer 15the liquid
refrigerant can flow in the iquid flow paths

10 is a longitudinal sectional view of the heat spreader,
seen from the B-B line of Fig. 10.

As shown in Figs. 10 and 11, the heat spreader 210
includes a thin rectangular case 260. The case 260 is
rectangular in the plan view. Seen from the lateral

15 direction, the center portion is arranged lower than left
and right end portions.

The case 260 includes therein an evaporation portion
220, a plurality of liguid flow paths 240 (first flow
path), a plurality of gas flow paths 250, and a plurality

20 of condenser portions 230 (first ceondenser portion). The
case 260 further includes the refrigerant (not shownj,
sealed therein.

The ligquid flow paths 240 and the gas flow paths 250
are respectively provided between the condenser portions

25 230 and the evaporation portion 220. The liguid flow
paths 240 and the gas flow paths 250 are flow paths for
the refrigerant between the condenser portions 230 and
the evaporation portion 220.

The evaporation portion 220 is formed at the lowest

30 position in the case 260.

The condenser portions 230 are arranged higher than

the evaporation portion 220. Specifically, the condenser
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240 from the condenser portions 230 to the evaporation portion 220 with higher efficiency. As a
result, compared to a case of causing the liquid refrigerant to flow with a capillary force, the 20biased
distribution of the liquid refrigerant can be made lesser and the flow path resistance can be smaller.
In addition, since the plurality of condenser portions 230 and the liquid flow paths 240 are formed, the

circulation effigighey: ehthe diguidrefrigerantto=2bthe eyaporation pertion=22Q isfarthgrimproved. As a
result, a fear of decrease of the supply amount of the liquid refrigerant to the evaporation portion 220 is
decreased. POrtitRe frdnufdctiring fethictiofthelivdat Bprestief 29038 30siaf iFthe

manufacturingsmethad-ofi{he heat spreadgel of thefirst grbadiment (Fig; 6); 0 the,description

thereof will be omitted. (Fourth embodiment) (Structure of heat spreader) Fig. 12 is a plan view of
a heat spreadérlaccotdiny t6 a fouRA eRsodimestéfhe pfesert TisvehtibAPRA 185is a longitudinal

sectional view gf the heat;spre d%%éeggg{gnhg@gggflir@hq{ Fig+12. Fig.-14is.a segtional view of the
heat spreader, seen from the D-D line of Fig. 13.
above., The liquid flow paths 240 and the gas flow paths
250 are arranged so as to be inclined. Thus, frcm the
above, the condenser portiocns 230, the liguid flow paths
240 and the gas flow paths 250, and the evapcration
10 portion 220 are arranged in this order.

The case 260 includes main piate members 261 as an
upper surface and a bottom surface, and side plate
members 26Z as wall surfaces.

The liguid flow paths 240 are made of hydrophcbic

15 flow path members 241 (first nanomaterial layer). The
hydrophobic flow path members 241 are formed at a portion
higher than the evaporation portion 220 and lower than
the condenser porticns 230 of an inner surface 264 of one
main plate member 261 as the bottom surface so as to be

20 inclined. The hydrophobic flow path members 241 face
ancther main plate member 261 via the inner space of the
case 260. The surfaces of the hydrophobic flow path
members 241 mainly function as the liguid flow paths 240
in the inner space. Further, the inner space mainly

25 functions as the gas flow paths 250. However, the flow
paths cannot be divided clearly. Actually, the liguid
refrigerant may flow in the inner space, and the gas
refrigerant may flow on the surfaces of the hydrophobic
flow path members 241,

30 . The heat spreader 210 of this embodiment is, for
example, 30-50 mm length (e) on each side (length of the

elongated direction of the side plate member 262) and 2-5
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As shown in Figs. 12-14, the heat spreader 310 10includes a thin rectangular case 360. The case
360 includes therein an evaporation portion 320, a flow path 340 (first flow path), and a condenser
portion 330 (first condenser portion). The case 360 further includes the refrigerant (not shown), sealed
15therein. The flow path 340 is provided between the condenser portion 330 and the evaporation
portion 320. The flpyvspath(340 isi1a flgwrpails fanthe setligerant hetweeri theccaridenser portion 330 -
and the evaporation portion 320. 20The case 360 includes a rectangujar bo£t8 plft}le ember 361, a

n
rectangular top ta@rhember 383 aAd sitle plafe Mefibers 363. " Fhet contehsar portion 330 is

arranged higher thanthe,evapgeration perion:320.Specificallythewendenser 25pottion 330 is
arranged above the evaporation portion 320 in the vertical direction, with the flow path 340 arranged

therebetween!- FirshiGiel figh BH& aBbo&to the BRIBW thE cdridensaF portiof 330, the flow path 340, and

the evaporation portien 320 arearranged vartieally, 39The flow:path-340:includes,adydeophobic flow
path member 341 (nanomaterial layer). The hydrophobic flow path member 341 is formed at an inner

surface 364 of'theh behtemslate Fewibet 361 soids K 8urfdunt Predvapbfationtparfion 320. That s,

the hydrophobic flow.path meypher, 341 is arranged.atsubstantially the same height assthe evaporation
portion 320. 5The hydrophabic flow path member 341 includes a plurality of hydrophilic portions 345

and a hydropliobic potionidas Thetwdrsphilic porticnd 345 ard formed Sabstantialfy-firearly in the
direction towagndS th Oervaé)g%g(i% pog@gﬁp.%&g@g@, the hydraphilic,: ted to the

10 above. The hydrophobic flow path members 241 have
hydrophobicity at least on the surfaces. In other words,
the entire hydrophobic flow path members 241 may have
hydrophobicity or the surfaces thereof may be subijected
to a hydrophobic processing. The thickness t© of the

15 hydrophobic flow path members 241 1s for example 100 nm
to 100 um. In a case where carbon nanotube is used as
fhe nanomaterial, the length of the carbon nanotube is
set to 100 nm to 100 um.

Tn addition to the hydrophobic flow path members 241,

20 the evaporation porticn 220 and the condenser portions
230 may be formed of a nanomaterial.

The case 260 is made of a metal material, for
example.
The heat spreader 210 is different from the heat

25 spreader 10 of the first embodiment in that the
hydrophobic flow path members 241, the liguid flow paths
240, and the gas flow paths 250 are inclined, and the
plurality of cendenser portions 230, hydrophobic flow
path members 241, ligquid flow paths 240, and gas flow

30 paths 250 are provided. By forming the hydrophcobic £low
path members 241, the liguid flow paths 240, and the gas

flow paths 250 to be inclined, it is possible to form the
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10portions 345 are formed radially with the evaporation portion 320 being the center, but not limited to
the above. In addition, without providing the plurality of hydrophilic portions 345, one continuous
hydrophilic portion 345 may be provided. 15Each of the hydrophilic portions 345 has a width realizing
a capillary force. The hydrophilic portions 345 have hydrophilicity on the surface. The hydrophilic
portions 345 may beiplane formedrhiepatterningy ot may BEgroovedikephnothecaséavhere the
hydrophilic portions 20345 are g{;oove-}like, tjt\fa size of thetqrgoo&e4 Bas ar;sciée reali iT A capillary force.
The hydrophd®ic-pofich 324 s an area frée from the h§drophilic portichs 345, in ‘order for easily
understanding, 4he aupwer ofthe bydrophilic, partiens-34% is;decreasedsinsthe figure:25The
evaporation portion 320 is rectangular in the plan view, for example, but not limjted to the above. The

evaporation partioh“370ts tHemhalff dornettatfwith the heat 85urce 70 Via the botts platé member

361. The heatgpreader;310;isqfor example,.-30-5¢ mm30length (e)en eaeh side and 2-5 mm width
(w). The shape of the heat spreader 310 is not limited to the rectangular shape as shown in this

embodiment. 2CC TR HaephdbIE fIGW ALK fiehibé 541 iR madE of-4 ydfophobic nanomaterial. The

hydrophobic @@PMB%%@%JA% for example, carher Aanetubs;, butnet limjted-te thgabove. The
hydrophobic flow path member 341 has Sh%drophobicity at least on the surface. In other words, the
entire hydroplsotie fiew Ttk niehaber3y 12 may Fralve Hy diGBHObIG ) -or the surface thereof may be

subjected to a hydrophohig progessing. The thickness:t.of the hydophohisfloy pathmemper 341 is
for example 100 nm to

10 on the surfaces, the liquid refrigerant can flow to the
evaporation portion 220 by gravity even without arranging
the liquid flow paths 240 vertically. In the case where
the inclination angle of the liguid flow paths 240 is
further smaller, the hydrophobicity enhancés the Tlow by

15 gravity. Thus, the heat spreader can be provided not
vertically but substantially horizontally, and can be
provided depending on various provision conditions.

Here, an example where two condenser portions 230,
two hydrophobic flow path members 241, two liguid flow

20 paths 240, and two gas flow paths 250 are provided is
shown, but not limited to the above. For example, three
or more condenser portions 230, hydrophobic flow path
members 241, liquid flow paths 240, and gas fliow patins
250 may be provided.

25 The cperation of the heat spreader 210 is similar to
the operation of the heat spreader 10 of the first
embodiment (Fig. 5). Here, the flow cf the liquid
refrigerant in the liguid flow paths 240 (corresponding
to arrow D of Fig. 5) will merely be described.

30 The liquid refrigerant flows in the licguid fliow
paths 240 from the condenser portions 230 arranged at a

higher position to the evaporatiocn portion 220 arranged
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10100 pm. In addition to the hydrophobic flow path member 341, the evaporation portion 320 may be
formed of nanomaterial. In a case where carbon nanotube is used as the nanomaterial, the length of
the carbon nanotube is set to 100 nm to 100 pm. 15The case 360 is ffade of for example a metal
material. (Operation of heat spreader) The operation of the heat spreader 310 as structured above will
be described. ;khesheas,spreaderidliis assumethtote. arrangee sueke tHat ¢hvel dorfdenser portion

20330, the flow path 340, and the evaporation portion 320 are arranged vertically. When the heat
source 70 gerstates Heldt, %@né'c{ﬁslfrﬁﬁ%rr@aetojtﬁ@% &3#5& Sﬁf?brﬁt?,zﬁg\lﬂa%g Bottom plate

member 361 qfnthgkg@sgi?@pig hengthediguid 25refrigeragtissthe evaporation portion 320 evaporates
to be the gas refrigerant. The gas refrigerant flows in the flow path 340 toward thg(;‘aco%denser portion
G
S

frigerant

330. As the gas refrigérant Hews in e tow P 344 thd Heat Biftfuses aHd the
condepses in fhe; 30condense patfion.330 fa-he thesliquid phase.nthus the heabspreader. 310 radiates

the heat. The liquid refrigerant flows in the flow path 340 toward the

Because of the hydrophobicity, the liquid refrigerant
does not permeate the surfaces of the hydrophobic flow
path members 241 when flowing in the liguid flow paths
240, and therefore it is possible to keep the contact

10 angle with respect to the hydrophobic flow path members
241 larger. BAs a result, the flow efficiency can further
be increased. In the case where the hydrophobic flow
path members 241 are made of carbon nanotube, since the
carbon nanotube has a large hydrophobicity on the surface,

15 the liquid refrigerant can flow in the liquid flow paths
240 from the condenser portions 230 to the evaporation
portion 220 with higher efficiency.

As a result, compared to a case of causing the
itiguid refrigerant to flow with a capillary force, the

20 piased distribution of the ligquid refrigerant can be made
lesser and the flow path resistance can be smaller.

In addition, since the plurality of condensexn
portions 230 and the liguid flow paths 240 are formed,
the circulation efficiency of the liquid refrigerant to

25 the evaporation portion 220 is farther ilmproved. As a
result, a fear of decrease of the supply amount of the
liquid refrigerant to the evaporation portion 220 is
decreased.

The manufacturing method of the heat spreader 210 Iis

30 similar to the manufacturing method of the heat spreader
10 of the first embodiment (Fig. 6), so the description

thereof will be omitted.
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hydrophobic flow path member 341. The liquid refrigerant flows in the hydrophobic flow path member
341 to return to the evaporation portion 320. By repeating the above operation, the heat of the heat
source 70 is diffused by 5the heat spreader 310. The flow of the liquid refrigerant on the hydrophobic
flow path member 341 will be described. The refrigerant repelled at refrigerant on the hydrophobic
flow path member the fiydrophobigpertior 344. The repelled at the hydrophobic portion refrigerant
aggregated to the hydrophilic portions 345 formed linearly force toward the 15evaporation portion 320.
With this structure, in{§6tioHN tHeScase Whele theffrpath 340 is arranged above the evaporation

portion 320, but also the, case where, the;flow path 340 is,arranged;gubstantially the samegheight as

the evaporation 20portion 320, the flow efficiency of the liquid refrigerant from the condenser portion
330 to the evdporaticiPpertibn BPochrsaimproved cand theehighe i i effitiency istmaihtained.

5 is a longitudinal sectional view of the heat spreader,
seen from the C~C line of Fig. 12. Fig. 14 is a
sectional view of the heat spreader, seen from the D-D
line of Fig. 13.

As shown in Figs. 12-14, the heat spreader 310

10 includes a thin rectangular case 360.

The case 360 includes therein an evaporation portion
320, a flow path 340 (first f£low path), and a condenser
portion 330 (first condenser portion). The case 360
further includes the refrigerant (not shown), sealed

15 therein.

The flow path 340 is provided between the condenser
portion 330 and the evaporation portion 320. The flow
path 340 is a flow path for the refrigerant between the
condenser portion 330 and the evaporation portion 320.

20 The case 360 includes & rectangular bottom plate
member 361, a rectangular top plate member 363, and side
plate members 362.

The condenser portion 330 is arranged higher than

the evaporation portion 320. Specifically, the condenser

25 portion 330 is arranged above the evaporation portion 320
in the vertical direction, with the flow path 340
arranged therebetween. In short, from the above to the
below, the condenser portion 330, the flow path 340, and
the evaporation portion 320 are arranged vertically.

30 The flow path 340 incliudes a hydrophobic flow path
member 341 (nancomaterial layer). The hydrophobic flow

path member 341 is formed at an inner surface 364 of the
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Since the liquid refrigerant flows to the 25evaporation portion 320 mainly by a capillary force, the heat
spreader 310 can be used in not only the case where the condenser portion 330, the flow path 340,
and the evaporation portion the case where they (Heat spreader Next, an embod 320 are arranged
vertically, but also are arranged horizontally. manufacturing method) ment of the manufacturing

method of the heat-spreadec3tQwilkbe describedhs toThehydrophobiedlowpathmaember 341 is
formed on an area except the evaporation portion 320 of the inner surface 364 of the bottom plate

member 361. BpeEiRAI 2 not-SAEWN tataly<tfayef s farmaa on theTHnér LU L8364, and the

hydrophobic nanpmatedal,is depsely formed: en the gatalyst layer sthe manamatesal eanbe formed on
the catalyst layer by plasma CVD or thermal CVD, but not
evaporation portion 320.

5 The hydrophobic flow path member 341 includes a
plurality of hydrophilic portions 345 and a hydrophobic
portion 344. The hydrophilic portions 345 are formed
substantially linearly in the direction toward the
evaporation portion 320. Specifically, the hydrophilic

10 portions 345 are formed radially with the evaporation
portion 320 being the center, but not limited to the
above. In addition, without providing the plurality of
hydrophilic portions 345, one continuous hydrophilic

portion 345 may bke provided.

15 Each of the hydrophilic portions 345 has a width
realizing a capillary force. The hydrophilic portions
345 have hydrophilicity on the surface. The hydrophilic
portions 345 may be plane formed by patterning, or may he
groove-like. In the case where the hydrophilic portions

20 345 are groove-like, the size of the groove has a size
realizing a capillary force. The hydrophobic portion 344
is an area free from the hydrophilic portions 345. 1In
order for easily understanding, the number of the
hydrophilic portions 345 is decreased in the figure.

25 The evaporation portion 320 is rectangular in the
plan view, for example, but not Iimited to the above.
The evaporation portion 320 is thermally connected with
the heat source 70 via the bottom plate member 361.

The heat spreader 310 is, for example, 30-50 mm

30 length (e) on each side and 2-5 mm width ({(w). The shape

of the heat spreader 310 is not limited to the

rectangular shape as shown in this embodiment.
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!imited to the above. Alternatively, a nanomaterial layer may be formed on 10the entire area of the
inner surface 364, the evaporation portion 320 may be formed on a predetermined area, and another
area may be formed as the hydrophobic flow path member 341. Next, predetermined areas of the

hydrophobic flow 15path member 341 are subjected to a hydrophilic processing

to form the hydrophilic

portions 345. The hygkephiliciprgoessing nay befarexampleanitrie4cid pracessing forgenerating a
carboxyl group or ultraviolet radiation, performed on the nanomgterial layer. The h droqhilic 20portions
Rt ;

345 are linearhy foFRRCTHE MRRGPHIICHdtions 345 maY Bepl s4HY'p

gt é:rjhlng or by a

groove processing.. Aftgrthe formation,of{he bydiephobictflow pathimemher 34 1twdnethe inner
surface 364 of the bottom plate 25member 361 and the formation of the hydr(%Jhilic portions 345 on

the hydrophobie fiéw pafH:fefiser B2 e héat-preadér Fmay be'mahd

ctured with the

manufacturing methad of Sten 102 to $tep.104,0f Fige 65 Acgarding tathecheat spreader,

manufacturing method 300f this embodiment, the hydrophilic portions 345 are formed by the groove

processing orByepattering. Acesieithy ithe iRt sthicti &t be fornftyand

the

hydrophobicity or the surface thereocf may be subijected to

a hydrophobic processing. The thickness t of the

hydrophobic flow path member 341 is for example 100 nm to

10 100 ym. In addition to the hydrophobic flow path member

341, the evaporation portion 320 may be formed of

nanomaterial. In a case where carbon nanctube is

used as

the nanomaterial, the length of the carbon nanotube is

set to 100 nm to 100 um.

15 The case 360 is made of for example a metal material.

(Cperation of heat spreader)

The operation of the heat spreader 310 as structured

above will be described. The heat spreader 310 1s

assumed to be arranged such that the condenser portion

20 330, the flow path 340, and the evaporation portion 320

are arranged vertically.

When the heat source 70 generates healt, the

heat is

transferred to the evaporation portion 320 via the bottom

plate member 361 of the case 360. Then, the liguid

25 refrigerant in the evaporaticn portion 320 evaporates to

be the gas refrigerant. The gas refrigerant flows in the

flow path 340 toward the condenser portion 330.

As the

gas refrigerant flows in the flow path 340, the heat

diffuses, and the gas refrigerant condenses in the

30 condenser portion 330 to be the liguid phase. Thus the

heat spreader 310 radiates the heat. The liguid

refrigerant flows in the flow path 340 toward the
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manufacturing method of a higher reliability is enabled. =~ As described above, the heat spreader 10,
110, 210, or 310 according to the embodiments of the present invention are the devices derived based
on the 5fundamental concept of improving the flow efficiency of the liquid refrigerant by gravity by
making the liquid flow paths hydrophobic, and improving the flow efficiency of the liquid refrigerant with
a capillary foree byJpakingdhe liguid lovn patbsihydraptilic. 10(Exampleiof etedtri¢ @pparstus) Fig. 15
is a perspective view showing a desktop PC as an electronic apparatus inilugglgrtgg heat spreader

10. In a case B1Gfa PE 8012 GHARBOATE 83 i$ provided AndACPU 83 for exanple s’

€ 1S mounted on

the circuit board 1B 82.The GRY 83-as.a heabsowee is thermallyconnectednwithuthevzeat spreader

10, and the heat spreader 10 is thermally connected with a not-shown heatFEin %n the example of
0]

the figure, theEPLPE3 Wcoririvetédira fowdr Borticrt bf thehan platemerber 63500t the heat

spreader 10 i the yettical.direction, Although not shown, in the case of using the heat spreader 110,
the CPU 83 may be thermally connected substantially at a center portion of the main plate member
161 of the heat spredtier TI®25M the &xample s thé figires i heQsprédder 10 is arranged

substantially yertically, Althaugh not shown, the;heat spreager may besarsangadksubstantially
horizontally. In‘this case, the heat spreader 210, 310 may be used. The heat spreader 210, 310 may

be arranged 30substantially haszontally antthe hedr selives hiay BE thetimally BBRAECted to
approximately, gt the center portion of the-hotiam suface, ofthedieat spreager 24,

10 liguid refrigerant repelled at the hydrophobic portion
344 is aggregated to the hydrophilic portions 345. The
liquid refrigerant aggregated to the hydrophilic portions
345 flows in the hydrophilic portions 345 formed linearly
as liguid flow paths with a capillary force toward the

15 evaporation portion 320.

With this structure, in not only the case where the
flow path 340 is arranged above the evaporation portion
320, but alsc the case where the flow path 340 is
arranged substantially the same height as the evaporation

20 portion 320, the flow efficiency of the liguid
refrigerant from the condenser portion 330 to the
evaporation portion 320 can be lmproved, and the higher
flow efficiency is maintained.

Since the liguid refrigerant flows to the

25 evaporation portion 320 mainly by a caplillary force, the
heat spreader 310 can be used in not only the case where
the condenser portion 330, the flow path 340, and the
evaporation porticn 320 are arranged vertically, but also
the case where they are arranged horizontally.

30 (Heat spreader manufacturing method)

Next, an embodiment of the manufacturing method of

the heat spreader 310 will be described.
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310. The embodiments according to the present invention are not limited to the embodiments
fjescribed above, and various modifications are conceivable. For example, the heat spreader 10, 110
is arranged vertically, but not limited to the above. The heat spreader 10, 110 may be arranged tilted
or sgbstantially horizontally for example, or may include a heat spreader including an evaporation
portion and a condensey postien A0which arecapast:ftomreacheothéd 1 i Fhéshape ofthezheat

spreader 10, 110 in the side view and the shape of the heat sp er 210, 310 in the plan view are
rectangular. HEWévet XfFeiehapetin T8 BitfeView brif fﬁelﬁf&ng\%zgvcr}ngayggg cﬁ&ﬂgr}? 15ellipsoidal,

polygonal, or anether arbitary-shape. Altemnatively] notlimitechtarthedhin regtangufardseat spreader,
the device may be formed as a heat pipe. The shape and#he like of the hydrophobic flow path
member 41, BA119BTS6P3HL HhE hydrophiliticw path-26MEmMber 143 Zorthe Fydrophilic portions 345

may be arbitrafily changedr. As@pgleetranic apparatus . .a deskiep REnefHig. Ioisexemplarily
shown. However, not limited to the above, as an electronic apparatus, a PDA (Rersongl Digital

25Assistancey antélectroriie Hictiond), Bcamers, 4 8ispINY Epparatusan abdioRisia a%rgaratus, a
projector, a mopjile phone . a game appargtus; 3 Hak navigaten apparatus, @mppobapparatus, a laser

generation apparatus, or another electronic appliance may be
limited to the above.
Alternatively, a nanomaterial layer may be formed on
10 the entire area of the inner surface 364, the evaporation
portion 320 may be formed on a predetermined area, and
another area may be formed as the hydrophobic flow path
member 341.
Next, .predetermined areas of the hydrophobic flow
15 path member 341 are subjected to a hydrophilic processing
to form the hydrophilic portions 345. The hydrophilic
processing may be for example nitric acid processing for
generating a carboxyl group or ultraviolet radiation,
performed on the nanomaterial layer. The hydrophilic
20 portions 345 are linearly formed. The hydrophilic
portions 345 may be plane formed by patterning or by a
groove processing.
After the formaticn of the hydrophobic flcw path
member 241 on the inner surface 364 of the bottom plate
25 member 361 and the formation of the hydrophilic portions
345 on the hydrophobic flow path member 341, the heat
spreader 310 may be manufactured with the manufacturing
method of Step 102 to Step 104 of Fig. 6.
hccording to the heat spreader manufacturing method
30 of this embodiment, the hydrophilic portions 345 are
formed by the groove processing or Dy patterning.

Accordingly, the minute structure can be formed and the
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30_en_1ployed. The present application contains subject matter related to that disclosed in Japanese
Prlquty Patent Application JP 2008-206562 filed in the Japan Patent Office on August 11, 2008, the
entire content of which is hereby incorporated by reference. Claims: 1. A heat spreader, comprising:
an evaporation portion arranged in ast position; a first condenser portion arranged in a second
Sposition, the,second-pasitionbeing:ong of higher thar and @partfiom the first positions . a working
fluid evaporating from a liquid phase to a gas phase in the evaporation plo(gtiorﬁ, d (‘é)ﬂgensing from

the gas phase to théfiqild Phase FtiEriEcordenser 1bpdtionrand 4 first flow path made of a

nanomaterial, having hydrophebicityon a surfaee antheausing-thetmerkingsftuid condensed to the
liquid phase in the first condenser portion to flow to the evaporation portion. 15 2. The heat spreader

according to ShIFATLL firthet coniptint &sseondohtiensrptitor Arraliged in a third

5 fundamental concept of improving the flow efficiency of
the liguid refrigerant by gravity by making the liguid
flow paths hydrophobic, and improving the flow efficlency
of the liguid refrigerant with a capillary force by
making the ligquid flow paths hydrophilic.

10 (Example of electric apparatus)

Fig. 15 is a perspective view showing a desktop PC
as an electronic apparatus including the heat spreader 10.
In a case 81 of a PC 80, a circuit board 8Z is provided,
and a CPU 83 for example is mounted on the circuit board

15 82. The CPU 83 as a heat source is thermally connected
with the heat spreader 10, and the heat spreader 10 is
thermally connected with a not-shown heat sink.

Tn the example of the figure, the CPU 83 is
connected to a lower portion of the main plate member 61

20 of the heat spreader 10 in the vertical direction.
Although not shown, in the case of using the heat
spreader 110, the CPU 83 may be thermally connected
substantially at a center portion of the main plate
member 161 of the heat spreader 110.

25 In the example of the figure, the heal spreader 10
is arranged substantially vertically. Although neot shown,
the heat spreader may be arranged substantially
horizontally. In this case, the heat spreader 210, 310
may be used. The heat spreader 210, 310 may be arranged

20 substantially herizontally, and the heat source may be
thermally connected TO appréximately at The center

portion of the bottom surface of the heat spreader 210,
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position, the third position being one of lower than and 20apart from the first position, and enabling the
working fluid to condense from the gas phase to the liquid phase; and  a second flow path made of
a nanomaterial, having hydrophilicity on a surface, and causing the working 25fluid condensed to the
liquid phase in the second condenser portion to flow to the evaporation portion. The heat spreader
according to claim 1 or 2, wherein the first flow path is arranged vertically. 30 4.The heat spreader
according to claim 1, 2 or 3, wherein the first flow path is arranged inclinatorily. 5. The heat spreader

according to any oné BEthe"Breeddifg chaimse sihersin tie firsflowpath inclidesrd hydrophilic
portion in a digection foward,the-evaporation paftion . b= An-LleEironic apparatus,Lomprising: a heat
source; and 10a heat spreader thermally connected to the heat

various modifications are conceivable.

5 For example, the heat spreader 10, 110 is arranged
vertically, but not limited to the above. The heat
spreader 10, 110 may be arranged tilted or substantially
horizontally for example, or may include a heat spreader
including an evaporation portion and a condenser portion

10 which are apart from each other.

The shape of the heat spreader 10, 110 in the side
view and the shape of the heat spreader 210, 310 in the
plan view are rectangular. However, the shape in the
side view or in the plan view may be cilrcular,

15 ellipsoidal, polygonal, or another arbitrary shape.
Alternatively, not limited to the thin rectangular heat
spreader, the device may be formed as a heat pipe.

The shape and the like of the hydrophecbic flow path
member 41, 141, 241, or 341, the hydrophilic flow path

20 member 143, or the hydrophilic portions 345 may be
arbitrarily changed.

Es an electronic apparatus, a desktop PC of Fig. 15
is exemplarily shown. However, not limited to the above,
as an electronic apparatus, a PDA (Personal Digital

25 Assistance), an electronic dictionary, a camera, a
display apparatus, an audio/visual apparatus, & projector,
a mobile phone, a game apparatus, a car navigation
apparatus, a robot apparatus, a laser generation
apparatus, or ancther electronic appliance may be

30 employed.

The present applicatlon contains subject matter

related to that disclosed in Japanese Priority Patent
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source, the heat spreader including an evaporation portion arranged in a first position, a first

condenser portion arranged in a second position, the second position being one of higher than and

apart from the 15first position, a working fluid evaporating from a liquid phase to a gas phase in the

evaporation portion, and condensing from the gas phase to the liquid phase in the first condenser

~ portion, and axfirst flew path madeof esrananaaterial, havingrhycdrephndhicity emasutface, and

20causing the working fluid condensed to the liquid phase in the first condens%r g&rtio tq flow to the
>a

evaporation poftiorze7 & hBEESTeader maitfict fiathod® coimprisihg: 2 Agitg ah
evaporation zgpe i, f'ggmﬁsg@ppaaarggagiystlc@ﬁgg@ﬁ@r@;one in a second position, the second
position being one of higher than and apart from the first position; and forming a first nanomaterial
layer having 30hydrophobicity on a surface, between the evaporation zone and the first condenser
zone. 8. The heat spreader manufacturing method according to claim 7, further comprising: arranging
a second condenser zone in a third 5position, the third position being one of lower than and apart from
the first position; and forming a second nanomaterial layer having hydrophilicity on a surface,
between the evaporation zone and the second condenser zone.
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10 9. The heat spreader manufacturing method according to claim 7 or 8, wherein the first
nanomaterial layer is formed vertically. 15 10. The heat spreader manufacturing method according to
claim 7,8 or 9, wherein the first nanomaterial layer is formed inclinatorily. 20 11. A heat spreader
manufacturing method, comprising: forming, on a substrate having an evaporation area, a
nanomaterial fayef haying hydrophobicity on a surface; and 25forming, on the nanomaterial layer, a
hydrophilic area in a direction toward the evaporation area. 12. The heat spreader manufacturing
method according to’claiRT 11 SE6RRER T the W opHilie area is formed by a groove processing. 13.

The heat spreader manufactyring methog aceardingite-claigr 41 of 12, wherein theshydrephilic area is
formed by patterning.

a first condenser portion arranged in a second

5 position, the second position being one of higher than
and apart from the first pogition:;

a working fluid evaporating from a liguid phase to a
gas phase in the evaporation portion, and condensing from
the gas phase to the liguid phase in the first condenser

10 portion; and

a filrst flow path made of a nanomaterial, having
hydrophobicity on a surface, and causing the working
fluid condensed to the liguid phase in the first
condenser porticn to flow to the evaporaticn pertion.

15
2. The heat spreader according to c¢lilaim 1, further
comprising:

a second condenser portion arranged in a third
position, the third position being one of lower than and

20 apart from the first position, and enabling the working
fluid to condense from the gas phase to the liguid phase;
and

a second flow path made of a nanomaterial, having
hydrophllicity on a surface, and causing the working

25 fluid condensed to the liguid phase in the second

condenser portion to flow to the evaporation portion.

Lad

The heat spreader according to claim 1 or 2,
wherein the first flow path is arranged vertically.
30

4. The heat spreader according to claim 1, 2 or 3,

wherein the first flow path 1s arranged
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HEAT SPREADER, ELECTRONIC APPARATUS, AND HEAT SPREADER MANUFACTURING
METHOD Abstract of the Disclosure According to an embodiment of the present invention, there is
provided a heat spreader including an evaporation portion, a first condenser portion, a working fluid,
and a first flow path. The evaporation portion is arranged in a first position. The first condenser portion
is arranged iniq secend-pesitign, the second position being one of higher than and apart from the first
position. The working fluid evaporates from a liquid phase to a gas phase in the evaporation portion,
and condenses from the gas phase to the liquid phase in the first condenser portion. The first flow path

is made of a manomatesial, has hygdrephebicity ona surace, ang-causes the working fluid condensed

to the liquid phase in the first condenser portion to flow to the evaporation portion. Fig. 4
preceding claims,

> wherein the Tirst flow path includes a hydrophilic

portion in a direction toward the esvaporation portion.

o. An electronic apperatus, comprising:
a heat source; and

10 a heat spreader thermally connected To The heat
source, the heat spreader including an evaporation
portion arranged in a first position, a first condenser
portion arranged in a second position, the second
position being one of higher than and apart from the

15 first position, a working fluid evaporating from a liguid
prhase to a gas phase in the evaporation portion, and
condensing from the gas phase to the liguid phase in the
first condenser porticn, and a first flow path made of a
nanomaterial, having hydrophobicity on a surface, and

20 causing the working fluid condensed to the liquid phase

in the first condenser portion to flow to the evaporation

porticn.
7. A heat spreader manufacturing method, comprising:
25 arranging an evaporation zone in a first position

and a first condenser zZone 1in & second position, the
second position being one of higher than and apart from
the first position; and
forming a first nanomaterisl layer having
30 hydrophobicity on a surface, between the evaporation zone

and the first condenser zone.
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8. The heat spreader manufacturing method according to
claim 7, further comprising:

arranging a second condenser zone in a third
position, the third position being one of lower than and
apart from the first pecsition: and

forming a second nanomaterial layer having
hydrophilicity on a surface, between the evaporation zons

and the second condenser zone,

9. The heat spreader manufacturing method according to
claim 7 or 8,
wherein the first nanomaterial layer iz formed

vertically.

10. The heat spreader manufacturing method according to
claim 7, 8 or 9,
wherein the first nancomaterial layer 1s formed

inclinatorily.

11. A heat spreader manufacturing method, comprising:
forming, ¢on a substrate having an evaporation area,
a nanomaterial layer having hydrophobicity on a surface;
and
forming, on the nancmaterial laver, a hydrophilic

area in a direction toward the evaporation area.

1Z2. The heat spreader manufacturing method according to
claim 11,
wherein the hydrophilic area is formed by a groove

processing.
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13. The heat spreader manufacturing method according to
claim 11 or 12,

wherein the hydrophilic area is formed by patterning.
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