HEAT SPREADER, ELECTRONIC APPARATUS, AND HEAT
SPREADER MANUFACTURING METHOD Background of the Invention
5 I. Field of the Invention The present invention relates to a heat spreader
thermally connected to a heat source of an electronic apparatus, an
electronic apparatus including the heat spreader, and a heat spreader

manufaciing sietkadek) Z=Desesoien of shaflolaied AN ABAPaSh@dADER

heat spreader has been used as a device thermally connected to a heat
source of an electronic appardtiSUERIT 18 NEPERES ral Processing

Unit) of a PC (Personal Computer), to absorb and diffuse 15 heat of the
heat source. As the heat spreader, a solid- type mTetaI heat spreader
made of for example a co;%&k%%iér?g kRdwn and™ fRadEe ransition-type
5heat spreader iiacluditg anevaposationaportion and a working fluid has
been proposed recently. 20 In the phase-translation-type heat spreader,
the working flliid gvraep%?g%:eslirﬁhrﬁelv%rborrgr}@r%: portion fhat SfeceRRsheE”
from ateatrsoliice,anththeteviaparated amarking: fluid ecohdensessand-onic
flows in a flow.path to return to the evaporation portion. By repeating the
25 abovi opgrg)%%h, the ﬁégtcl;)cfr the heat source %dﬁf&% d&srgje%(&)]rv Réat
exampi@dnited Stated RPatent Applicatior rPublicafiontNo120070158052;

1 gPparagraph 0032, Fig %,iggr%i@ag%reggrirgg ég as Patent Document 1). In

a heat spreader of Patent Document 1, a wick is provided to a 30 flow
path, and a warkirigefluid €ondenked orean upper surfadesfiows ted lower

surface {gvaporafjon portion). with.acapillary force.1 source of an

electronic apparatus, such as a CPU (Central Processing
Unit) of a PC (Personal Computer), tc absorb and diffuse

15 heat of the heat scurce. As the heat spreader, a solid-
type metal heat spreader made of for example a copper
plate i1s known, and a phase-transition-type heat spreader
including an evaporation portion and a working fluid has
been proposed recently.

20 In the phase-translation-type hsat spreader, the
working fluid evaporates in the evaporation portion that
receives heat from a heat source, and the evaporated
working fluid condenses and flows in a flow path to
return to the evaporation portion. By repeating the

25 above cperaticn, 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 tc as Patent Document 1). In a heat
spreader of Patent Document 1, a wick is provided toc a

30 flow path, and a working fluid 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 5 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, eesuyltin a biased,, distrbutian,of the working

fluid. Further, in view of 10 downsizing, the flow path is required to be
narrower, wHiEh &F However FEsUIRinan Fieieased idkipahch a heat

resistapgeAgeerdinglysthe: supply ameuntafdhe working flvid tothe. 4 -
evaporation portion is decreased, resulting in dryout. i5 In view of the _
above-hiétticiied Eirciifistiitees: 38 -deSraBIEo provitle & ekt °f & higher

5spreades £apabies ot improving- flow efficiency:efa working fllid from gach from

condenser portion to an evaporation portion, and an electronic apparatus

includifig THE Heaf Spréider- 28 1T fiftheY YBETADRID Frovide a hidt

spreadespmamdactutng rethocdhal enapleseasienmandfacipgre-and a

higher relia ith' Acgording to an %mbodim%nt of the present invention,

there i$ Provided-a ReatSpredar incliiding Anss sbaporation portion, Riased

first coddensepportion, atwotkding dlitidnand adirst flodupatheThein view of
1oevaporalion potion is airanged in a firstposition. Thefirst condenser

portion'is arrangecigl’n a second po%]atlon,]tﬁe second position being one o

higher #hdrland=apart:freavthe 3@ fisstipositiorarT henwosking fluid.ow path

evaporales from,a. liquid phase 10,3.0as phase in the evaparation poption,
and condenses from the gas phase to the |IC]UI8 p%a ein
working fluid te the evapcration portion is decreased,
resulting in dryout.

15 Iin view ¢f the above-mentioned circumstances, 1t is
desirable tc provide a heat spreader capable of improving
flow efficiency of a working fiuid from a condensger
portion to an evapcraticn portion, and an electronic
apparatus including the heat spreader.

20 t is further desirable to provide a heat spreader
manufacturing method that enables easier manufacture and
higher reliabiliity.

According to an embodiment of the present invention,
there 1s provided a heat spreader including an

25 evaporation porticn, 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 in a second position, the second
position being one of higher than and apart from the

30 first position. The working fluid evaporates from a
liguid phase to a gas phase in the evaporation portion,

and condenses from the gas phase to the ligquid phase in



2 the first condenser portion. The first flow path is made of a
nanomaterial, has hydrophobicity on a surface, and causes the working
fluid condensed to the liquid phase in the first condenser portion to flow to
the evaporation 5 portion. According to the embodiment of the present
invention, a heat source is thermally connected to the evaporation

portion, ;and;a liguidsphase working fluid evapprates.to.a gas phase.in the | . .

evaporation portion. The gas-phase 10 working fluid condenses to the
liquid pHas® methe i §E tontenser pbitibFratranged rvthenhigherposition and
than the gvaporafion,pertion. The Jigyid-phase working fluid flowsinthe ... iy
first flow path to return to the evaporation portion. The above phase
transitibAs tépEatetC 18T first HHw: pathtCauses thewérking gkt ion
sflow frgavthesfirst condenser portion to the evaporation portion arranged
lower than the first condenser portion. Here, since the first flow path has
hydrophobidify~6it tHe* Surfack’ & fidih pairésistahcé taniie Reptiowerent +on.
In 20 agldition, sinee-the first ipw-pathlis made,ekthe: nanomatedakporation
enabling a hj%her hydrophobicity, the flow path resistance can be kept
furtherdower. ,&cc&%ﬂ'nﬁ,lﬁg SHERATS of T Wotking Fhitd From Té firgt t° 2
condenseys pottien ta:the ieyaporaitoreparioncan-be25 improveds Thease
. ~heat s%rgaggr of %I’lisiembodi ent ma)égur%her include a %(%econd

¥ condeniser pottion and a second fiow path-*Fhe s&tohd RoRdENsEr poition **

is arrangedi#naghirg opagition athezthirdpasitiorhbeinggdre oblowerithant han

oo SRS o gstion nc SRS OKDR, W 21nsa
flows in the first flow path to return to the evaporation
portion. The above phase transition is repeated.

15 The first flow path causes the working fluid to flow

from the first condenser porticn 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 addition, since the first flow path is made of the

nanomaterial enabling a higher hydrophekicity, the flow

path resistance can be kept further lower. Accordingly,
flow efficiency of the working fluid from the first
condenser porticn te the evaporation portion can be

25 improved.

The heat spreader of this smbodiment may further
include a second condenser portion and a second flow path.
The second condenser pertion is arranged in a third
positicn, the third position being one of lower than and

30 apart from the first position, and enables the working

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

The second flow path is made of a nanomaterial, has
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The second flow path is made of a nanomaterial, has 3 hydrophilicity on a
surface, and causes the working fluid condensed to the liquid phase in
the second condenser portion to flow to the evaporation portion.
According to the embodiment of the present invention, 5 in addition to the
circulation in the evaporation portion, the first condenser portion, and the

first flow pathas described, abpve, the working fluid circulates ag foHows. ¢1,,;

That is, the working fluid evaporated to the gas phase in the evaporation

portion“éortEHEES (6theR)uid Bhase A0RAThé SeEbhd Toriehsep pofticre L

arranggd lewer.than the, gvaporation.parion,, The liquid-phase working
fluid flows in the second flow E{%th to return to the evaporation portion. ‘
The above prEsEFfFan&itidn i$ Y@ paisf 52 The SEcbAE fOMEpatH- cagsetion,

the working dlgid: to,-floyw frepxthes second condenserortion tothe 1 on portion,
evaporation portion arranged higher than the second condenser portion.

The setBhid ok pafi?iEmadaoMAE homatefial hablinga higherrath as

hydroph#iity ; Here ssinoe the secand 20-flow path: has hydraphilici:0r o1 1 ows .
the surfa%e,kthe working fluid permeates the second flow path. An

extremely irite stirfacEStrudtdre’of a NanBATIEAa S ronToted thd ok @S¢
of the permeatedwaprking fluid. By-providing both 4be second<flow gathi phase

and the firt flow path, the working 25 fuid s seporated and the flow .,

efficiency to the" evaporation Portioh can be Mproved. it the

spreadevzrcordingto the eimbodinTeént dfi theipresent inventipnnthecfirst d

Low 1118 P8 SHEngtastcal el 3 Aot o e
evaporation portion. The above phase transition is
repeated.

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.

I'ne seccond flow path is made of the nanomaterial
enabling a higher hydrophilicity. Here, since the second
flow path has hydrophilicity on the surface, the working
fluid permeates the second flow path. An extremealy
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
fluid is separated and the flow efficiency to the
evaporation portion can be improved.

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

According to the embodiment of the present invention,
in a2 case of arranging the first flow path vertically,

the flow of the working fluid from the first condenser



in a case of arranging the first flow path vertically, the flow of the working
fluid from the first condenser 4 portion to the evaporation portion can be
more efficiently performed. In a case of arranging the first flow path
inclinatorily, it is possible to provide a plurality of first flow paths and a
plurality of first 5 condenser portions corresponding thereto. Thus, the flow

efficiency,efithe warking fluid.fram.thefirst condenser, pogiong fothe

evaporation portions can be improved. In the heat spreader according to
the enfbothirmeftot thedréséRtifiventibnatHesMat fwFatAtAay incliige &L rst

10 hydraphilig pertian, in adirection foward the gvaparation: BOHIN; i de =
According to the embodiment of the present invention, the first flow path

havingfhyHiBphobictty onthe sdrtate FRcided ahydrBpHifiz portioR ‘The rst
sfirst flovopatba capses the workingSiid ie flow from-thedirstcondensee f1ow
portion to the evaporation portion wijth the hydrophobicity thereof and the
hydrophilicity 'STthE Rydrophilltodrion. AtEording 85 ah gmboditetogrienser
the present invention, <22 thereds previdedasrelestionicaapparalus roved.
including a hIeat source agd a heatdsg)reader. The heat sprgader IS Y -
thermally connectett to tie hERr Sliice. The reajrngprtégldiér Ei‘:’nc?ﬁ%é% Afpent ot
evaporatiengpcrtienta finst=condensenporfionsa warking:fuid, and afirst ude 2
flow pa}gh. 25 The evaporragggrpolrtion isdarragged in a first @o%iggné The

. drophilic Do . a direction .Low vaporation
first congensgr pOI‘]f.IOHpIS arrangecﬂn a secon posmon,atﬁe second P

positiopdeingone of higher than and apart from the first position. The
working fluig, evaporates, from,a liqyid phase to a gag,phase indne . eneion,
the first flow path having hydrophobicity on the surface
includes a hydrophilic portion. The first flow path
15 causes the working fluid to fleow from the first condenser
portion to the evapcration portion with the
hydrophobicity thereof and the hydrophilicity of the
hydrophilic portion.
According to an embodiment of the present invention,
20 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.
25 The evaporation portion is arranged in a first position.
The first condenser portion is arranged in a second
position, the second positicn being one of higher than
and apart from the first position. The working fluid
evaporates from a liguid phase to a gas phase in the
20 evaporation portion, and condenses from the gas phase to
the liguid phase in the first condenser portion. The

first flow path is made of a nanomaterial, has
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30 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
nanomaterial, has 5 hydrophobicity on a surface, and causes the working
fluid condensed to the liquid phase in the first condenser portion to flow
to the evaporation portion. In the heat spreader according to the

embodiment of, ,the presant invention, a liquid-phase working fluid, ; o #1414
evaporates to a gas phase in the evaporation portion. The gas-phase
working i@ edftenSes i6 the fgdid pHeses id the first Ebhdenserpertion:

arranged.in tae higher; position:thandhe,evaperation.portion, The
liquid-phase 10 working fluid flows in the first flow path to return to the

evaporation portibRETHe HbovR5iase trafsifoA 18 Iepeatdd THEfirstToN: ©oF

path otthe heatsspreader sauses they warking:fuidtoflayw from the-first o
condenser portion to 15 the evaporation portion arranged lower than the

first conUBRSER pition: Herd? Sindeiha first fidie paik Aas2hydrophobidie: -

on the'swfages adlovw pathresistanee can berkeptdewerdnadditionyuid phase
since the firgt flow path is made of the nanomaterial enabling a higher
hydropHobidify, “20 e sk AR resRtaice Bad beXept turther fsver: 9her
Accordingly: flow effieiency of dhe warking-ftuid from cthe firsteondgnserchase
portion to the evaﬁourgtm% ortion catrlj%e ypgrove .Accordiggttg the

Orkin o] OWs 11 LS Ow . pat return
embodifenit F the present invention. 25 since thée heat'sdtred s = -1 ©0

thermailyscorrrmgcted: to. the heat spread@ndhelheat spreadercamdiffusen is
the he%t of th;ce Qeat source efficiently. According to an embodiment of the
gphedted.,
present n?ventlon,
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 a2 higher hydrophobicity,
the flow path resistance can be kept further lower.
Accordingly, flow efficiency of the working fluid from
the first condenser porticn to the evaporation portion
can be improved.

According to the embodiment of the present invention,
since the heat source is thermally connected to the heat
spreader, the heat spreader can diffuse the heat of the
heat source efficiently.

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

cendenser zone in a seccond position, the second position



there is provided a heat spreader manufacturing method. 30 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 6 being one of higher than and apart from the first
position, and forming a first nanomaterial layer having hydrophobicity on

a surface, between the evaporation zone and the first condenser.zone. 5
According té? the embod?rlhsént of thé51 preseaﬁt?ﬁ\t%%[io%gt%egﬂgrgt 53
nanonizenailayer ravingdyrophebitity oh thensmface isfornreckto forming

a flow path forthe warking, fluid En%Q&%f,if%g%?wggm%m%%%tion zone

evaporation zone, which enables easier manufacture, higher 10 reliability,
and lowEF c65. TheHedtspieader marifacturing method according to

sthe embodiment of;the present inventionsmay further include atanging a,,+ ; r,,

second condenser zone in a third _position, the third position being one of
lower thah drid 85 HRARCREHTEREfirst pBsitioR2 HAd JormingdBatend ty on the

nanomateraldayeshaypgdydrephilictty ona shrface,nbetween thgoricing
evaporation zone and the second condenser zone. According to the

embodiment of T prdgent ivention S50 e séCTd hanohfatéranayerion

havingRydrophiicity, oar the surfaee is formed to-ferm:a flow: path.for the
Workingmfluid from the second condenser zone to the evaporation zone,
M

*O\which ERAbRE dasiér mahUfaife, Highier reliability, and lower costs. 25
In the heat spreadee mandaetuing method:acearding de the emboediments to

of the %E?éeé‘r%ﬁa”&?{‘%é’gtthoef“% thanomaterial jayermay beformed. .
vertically or o
include arranging a second condenser zcone in a third
position, the third position being one of lower than and

15 apart from the first position, and forming a second
nanomaterial laver having hydrophilicity on a surface,
between the evaporation zone and the second condenser
zone.

According to the embodiment of the present invention,

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

25 In the heat spreadser manufacturing method according
to the embodiment of the present invention, the first
nanomaterial layer may be formed vertically or
inclinatorily.

According to the embodiment of the present invention,

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

of the heat spreader in which the flow of the working
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inclinatorily. According to the embodiment of the present invention, 30 in

a case of arranging the first nanomaterial laver vertically, there can be
provided a manufacturing method of the heat spreader in which the flow

of the working 7 fluid from the first condenser zone to the evaporation

zone can be more efficiently performed. In a case of arranging the first
nanomatetial layerinclinateribyt i, pgssible-to,provide,aplurality, obiiest ; o,
nanomaterial 5 layers and a plurality of first condenser zones
correspoRdingthefdton Thiis étheté tanbe prsidedac thandfacturiiipe ©f

method of the heat spreaderdn whichthe flow efficiency eftheiwarking 1y, i
fluid from the first condenser zones to the evaporation zone can be ‘
improved. 1AL Bing tPan emisodinferitiof i présent imvdntii: offere rial
is provideg:a:heat spreadermanufaciyring mathed nimehuding fosmaing, on

a substrate having an evaporation area, a nanomaterial layer having
hydrop%%ﬁ(ﬁﬁ?@ﬁl%lgarﬁg@,rgﬁﬂ) formitiy: onthe Taridihatefial i5/Er 545"
hydrophilic.area-in-d directiomtewar the-evaparation sargar AGEOKdingHOt he
the empodiment of the present invention, .the hydraphilic area is formed

on the PR BYEY il PytHGgHaticity Bhind Gitack fo 1ot &

flow path20:for 4he working-Huidite the gvaparation ares; whieh benalblesoved.

10easier manufggturedgirghejé reliabilﬁiet%bgc?clinll%vrv}%r Cg:psdttsg. In the heat

20

2b

30

OF & e present invention
spreader manuf%cturlnggme?ho&accor Ing to thé embodiment of the !

present irvention, the 25dwdrephiie areamayibe fosmed byragiogvenethod

meeS§th8E£§@p%ﬁng%%r on a substrate having an evaporation
arez, a nanomaterial laver having hydrophobicity on =
surface, and forming, on the nanomaterial laver, a
hydrophilic area in a direction toward the evaporation
area.

According to the embodiment of the present invention,
the hydrophilic area 1s formed on the nanomaterial laver
having hydrophobicity on the surface to form a flow path
for the working fluid to the evaporation area, which
enables easier manufacture, higher reliability, and lower
costs.

In the heat spreader manufacturing method according
to the embodiment c¢f the present invention, the
hydrophilic area may be formed by a groove processing or
by patterning.

According to the embodiment of the present invention,
the hydrophilic area may be formed by a groove processing
or by patterning, which enables a minute structure and
higher reliability.

RAccording to the heat spreader of the embodiment of

the present invention, the flow efficiency of the working



According to the embodiment of the present invention, the hydrophilic

area may be formed by a groove processing or by patterning, which

enables a minute structure and 30 higher reliability. According to the heat

spreader of the embodiment of the present invention, the flow efficiency

of the working 8 fluid from the condenser portion to the evaporation

portion a{?iﬁe %@grao%(?% Acco&girpg fo the heat sp{eager manufactu[jn%n
ort

e preserit invention, easief manufacture and higher 5= -

reliability are-enabked. Theserandrether objects, features and advantages
of the presentinuention,wil begame more, gpparent in Ight: ofhe , ., o oq
following detailed description of best mode embo i "
illustrated intheraccompanying nt0 drawisi BriehDesteption®fand higher

iments ﬁ1ereo , as

sDrawings;Figy, 145 a plan view of g heat spreader according to a first

15

20

Z5

30

embodiment of the present invention; Fig. 2 is a side view of the heat

spreader of FIgie$8 BIFg o3 isa froni s4dw of five heaespreatierdf Figades of
Fig. 4 is;algngitudinal seclional yiew-of the ieat spreader, seen fromithe, , .
A-A line of Fig. 2; 20 Fig. 5 is a schematic diagram showing an operation

of the Reatdpreafer 8FFRF 19FiG 6 ra fowehartsowing dest mode
manufagibingrpethod: eEthe heatspreades oLFig L FH9$nE a8 conpanying
schematic diagrams showing in sequence 25 an injection method of a

HR % case:

Brief Description of Drawings

Fig. 1 is 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 spresader of Fig.
i;

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. & 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 intc a case;

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

Fig. ¢ is 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;



Fig. 8 is a longitudinal sectional view showing a heat spreader according
to a second embodiment of the preset invention; Fig. 9 is a schematic
diagram showing an operation 30 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; 9 Fig. 11 is a longitudinal sectional view of the heat

spreader, segq fom tha B-§ ling,of 10,101, 79: 425 slanyig of 2 heal e
spreader according to a fourth enibodiment of the present invention; 5
Fig. 1358 RFRjituditad settionalviewbofithé Heat odpréader, lseen from the

C-C line of Fig; 42; Fig. 14 is a segfional,view: of the heatspreader, Seen, g
from the D-D line of Fig. 13; and Fig. 15 is a perspective view showing a
desktopP@ 10Ws an SRIFOHIEBppafattis ndliging theise spreader

saccording to eng of the f@@@%ﬁ%@&i@%@re&?@%iiQMgﬂti%ew of the heat
Description of Preferred Embodiments Hereinafter, embodiments of the

present ifvEiioh: 1595 be 8Bscrisedwith'réfétefiée 16 $he dfawings.

(First embodiment) (Structuse of heat spreagdes),Figs '« is.a plan vigweta. -,
heat spreader according to a first embodiment of the present invention.

Fig. 2 9058 a &idfd Vidf of the hedt spreadér of Fig. #7€ig. 3 is a front

view of the heatspreadet of Figs ds f@.+4 is:a opgitudinal sectional viewp pc
. Oof the heat s regder, seen from the A-A line %f Ifdig. 2. As shown in Figs.
i:L4,aﬁ@aﬁ'm% SRFIONASIURREf atus including the heat spreader

according te one of the embodiments of the present
invention.
Description of Preferred Embodiments

Hereinafter, embodiments cof the present invention
15 willi 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, ssen
from the A-A line of ¥ig. 2.

As shown in Figs. 1-4, a heat spreader 10 includes a
25 thin rectangular cass 60. The case 60 includes thersin
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),

The liguid flow path 40 and the gas flow path 50 are

provided between the condenser portion 30 and the



25 thin rectangular case 60. The case 60 includes therein an evaporation
portion 20, a liquid 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
condenser. portion 30 and the 10.evaparation portion 20. The liquid flow

path 406?%5'0% é%gl;ggfo(\)/vxgét \'50 are ﬁtrhe Efﬁ%u ortgj“O ath %é and the
betweearrthefdomdenser gottion S0fand thre: erapdrationh portiofr 29 =5 Jthe
condenser.parfion, 30 is arranged.ag g posidon, higher pan e, ...+
evaporation portion 20. Specifically, the condenser portion 30'] d
above Higré¥aportion portion 20 in the vertical direction, with the liquid

ow pa he rgfri%erant

arrange

sflow path 40 %@ ”1%98@ rﬂ:?é,!\f pfﬁ@k@@ @ﬂra_fﬂgegs 19 ﬂgg E%%%W&? n, :]%4003 ition

short, from the above, the condenser portion 30, the liquid flow pat
and th&§asFlow-path BO: atitieravaisoration poftiors 20 afrarranged 11y,

vertically,in this gedet. The.case,60 includes %ﬁggala&%@i@ Rigte
members 15 61 and side plate members 62. The lic . : ;
made 6FERGARGPHBbIE Tow Pattt hefiber a1 (fiist nahonthteAatiager). with

The hydrephobic: How path raember 4;is foraed at anapprexinpately a2y rangea

iquid flow path 40 is

ortion in the vertical direction of 20 an inner surface 64 of one

O main plate THEMbET B1: THE RRASHhoBiEToW PatFhidHbe A facdgienser

20

25

30

anothepmainglater member 6duvia the innerspaceofdhe case 6R.sThe ow path
surface58f thateH chrk(l)ghobic fIOWé),ath member 41 mainly

gvaporation portion 20 are arranged
vertically in this order.

The case 60 includes rectangular main plate members
£1 and side plate members 62.

The liquid flow path 40 is made of a2 hydrophobic
flow path member 41 {(first nanomaterial laver). The
hydrophobic flow path member 41 is formed at an
approximately center portion in the vertical direction of
an inner surface 64 of one main plate member 61. The
hydrophobic flow path member 41 faces another main plate
member 61 via the inner space of the case 60. The
surface of the hydrophckic flow path member 41 mainly
functions as the liguid flow path 40. Further, the inner
space mainliy functions as the gas flow path 50. However,
the flow paths cannot be divided clearly. Actually, the
liguid-phase refrigerant (hereinafter referred %o as
ligquid refrigerant) may flow in ths inner space, and the
gas-phase refrigerant (hereinafter referred to as gas
refrigerant) may flow on the surface of the hydrophobic
flow path member 41.

The evaporation portien 20 is thermally connected

]
[



functions as the liquid flow 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 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 30 refrigerant) may flow on the
surfacg of the hydraphabic flow pah member 41, The evanprgtion poxtion
20 is thermally connected 11 with a heat source 70 via the main plate
member62 SFhéphrse thetnally confeticdlmeans, frdddition 1o dirdtrect
connection, conngetionyia athegmal,egnductar. for example-{he heat,
source 70 is, for example, an 5 electronic component such as a CPU, a
resistaPi&TBr- Sanothie? devide fHat feherates heat OThé HBR Spreatier 10

5 of this embadiment is: 300,830 length (e) on eagh side-and2-a @M, -

ot
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width (w), for example. The heat spreader 10 having such a size is for a
CPU o105 PE 58 fheheat 3buf& 76 2thePmafy tonnected to the heat

spreader 10. e size:0fdhe hoat spreader 1omay-heLeinadini s 30-50 mm
accordance with the size of the heat source 70. For example, in a case

where tFERBSL $50rcd' 763 enafly coffietted (e edt spreaddfo frample-
a heat Imsoureerofa largeessizaed display.gr the-like, the dlength e gnay beru of
set to about 2600 mm, The size of the Iaeat sgreader 10 is defined such

that the rf Abpr

shape ot sthedreatspreader. 10750t limiteditotthe rectangiular2@shape may
as shoyn ip.this embodiment, The operaiing temperawre g ofthe, .,
heat spreader 1078 for exampjfe 140 degrées 200de € neat soures
approXimateljofhexarple, in a case where the heat source 70

figetant can'fidw Rd condense appropriately I Hidition, the -

o+ grees,

thermally connected to the heat spreader 10 ig a heat
source of a large-sized display or the like, the length e
may be set to abcout 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
shape as shown in this embodiment. The operating
temperature range of the heat spreader 10 iz for example
-40 degrees to +200 degrees, approximately. The
endothermic density of the heat spreader 10 is for
example 8 W/mm® or lower.

The hydroghoblc flow path member 41 iz made of a
hydreophokic nanomaterial. The hydrophobic nanomaterial
is for example, carbon nanotube, but not limited to the
above. The nydrophobic flow path member 41 has
hydrophobicity at least on the surface. In cther words,
the entire hydrophobic flow path membsr 41 may have
hydrophobicity or the surface thereof may be subjected to

a hydrophobic processing.



endothermic density of the heat spreader 10 is for example 8 W/mm2 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 m r 41 may have . hydrophobicity or N
the surface thereof m“acil & %ﬁbjtec??;?g a %%‘rropa%%lgclﬁrgc%g%irf)g?%% memper
The thiekness f of tirehpirophobic flowtpathhemtber 44 is forexamplere
100r"%£%699lHQnHEﬂ§@s§§Nﬂ%§%‘§%b%%Qagg%g§%§é§%xkésy%% ngth
nanomaterial, the length of the carbon nanotube is set to 100 nhmto 1 0]

pm. InGFighd, Frekder foreasipanderstanding, thelscale tratiblof the. In

shydrophpbic flow;path member 41with respect. to.the case 60 is made. |
larger than the actual configuration. In addition to the hydrophobic flow

path meiiBér £F 10%he¥iaporatics pbitioh 26 Fhay Bederméd of ath respect

nanomateriale The nanomaterial has aspanostiucture.an  the surface, so,
compared to a case where the evaporation portion 20 is formed of a
metal MatErd'Urihe ke, the surface area thereof increases and thus the

evaporation 19 effigigncycmproves-The ¢ahonpanoeNas « n memper 41,
approximately 10 times higher thermal conductance than copﬁer, a

*Otypical TétaT HAtBHAI A nREYAF hekt Sprebabr > foréxatiples Ackordingly,

in a casenvheredhe:evapanationpostian 20:is made of carhonspanetube: on

an 20 extremelyé improved eva%oration efficiency is obtained compared ,
£ riace (ﬁﬁfﬁﬁnéP & case where the evaporation

to an eva%orsa for portion made
porticn 20 is formed of a metal material or the like, the
surface area thereof increases and thus the evapocration

15 efficiency improves. The carbon nanctube 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
evaporation portion 20 is made of carbon nanotube, an

20 extremely improved evaporatiocon efficiency is chtained
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
alse bhe 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 6l and the side plate members 62 may be formed of
different materials respectively, some of them may be

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

13



material such as copper. Thus, the evaporation portion 20 can be made
smaller. The condenser portion 30 may also 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
condu%tgnggl such _as cal[‘bon may br?heemggoj)_/ed.%ﬁll of the main plate
members 62

differestimraterials sespacively, Some of themanay beb fonmed: of the same is,
mater@egégglof(ghem ma ebz}r(pﬁage 13 of the samghrgaterial. The maif

plate mem Si

brazing.ethatisi nwelded! ot nay: be boired with an adhesive material

B173N0d the side plate members ar Be'tsfmeqpeet and the

ers 61 ranI?i&t\ﬁe ide pla?éi members 62 ma)}s 63%0%%%%%}?

sdepending orthe. materials. 5 As the fg%%%%%t%gffe water, alcohol such,

as ethanol, methanol, or isopropyl alc
hydrocﬁﬁ?@ﬂ@ém@&%@ﬁﬂﬂbri@? anwRoniay dcetorerof the like may be
used, butinot, imited tothe above, Meanwhile, in view, of latent heat 19 .or
preserve of the global environment, pure water is preferable. (Operation

of heatdpteader) THE bpefaticit of-thie RédSspresder 10 sdstrirstaredt

above wilhbedeserbedeFig, 515 a sehematicidiagram, 18, showing the . 1.ac

operation. The heat spreader 10 is assumed to be arranged such that the

chlorofluorocarbon,

0main pPleTRERETS 62 fareR andhged! for exarprRs Vet caly 2 Wifsrethet s
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heat surge=A0;generates heat, the heat is transferred to the evaporation
portion 20 via the main 20 plate member 61 of the case 60. Then, the

Operation of heat spreader)

The operation of the heat spreader 10 as structured
above will be described. Fig. 5 is a schematic diagram
showing the operation. The heat spreader 10 is assumed
to be arranged such that the main plate members &1 are
arranged, for example, vertically.

When the heat source 70 generates heat, the heat is
transferred to the evaporation portion 20 via the main
plate member 61 of the case 60. Then, the liguid
refrigerant in the evaporation portion 20 evaporates to
be the gas refrigerant. The gas refrigerant flows in the

gas filow path 50 toward the condenser portion 30 (arrow

ot

A). As the gas refrigerant flows in the gas flow path 50,
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 (arrow C).
The liguid refrigerant flows in the liquid flow path 40
To return to the evaporation porticn 20¢ {(arrow D).

By repeating the above cperation, the heat of the

heat source 70 is diffused by the heat spreader 10.

By controlling the refrigerant flow paths such that
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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, 25 the heat diffuses, and the gas refrigerant condenses in
the condenser portion 30 to be the liquid phase (arrow B). Thus the heat

spreader 10 radiates,the.heat (arow=€)., The fiquid refrigerantfiows g‘a‘i}? 40
liquid flow path 40 to return to the evaporation portion 20 (arrow D). 30 By
repeatitity fiievabove BRerdtivn, the heat of the Heatadlirde 70 s diffuded gas

by the heat spreadercl0. By conitolling the sefrigerantflowpaths suchthaks <1 o
14 the liquid refrigerant flows in the liquid flow path 40 (arrow D) and that
the ga$ tefiRferantfows fn te gas s Hatk S0 ariotr A} a8 describeti 98 rant

aboveitis passiples te decreasesthe, fair of mixture of the liquid refrigerant
5 and the gas refrigerant. The operational zones as shown by the arrows

Ato D in Fig' 5%areiRErdly 18agh Gitde of fougiPetandard Pand stys & to D
clearlyidefingg. sinca respestive,operadiong:zeres maybgshitgddard, and
according to the amount of heat generated 10 by the heat source 70 or

the liké: &ﬁSW&%hSﬁiﬁhﬁWef%b%F&nﬁﬁ?ﬁ&ﬁaai‘&e fIBRFpath 40 as 2ones
shownmhy thesarsawm will hecdestirtbed: cThediguidrefrigerant dewsdartbeat ed
liquid fi}o}yv ath 40 from the congignser Qggtiogi(‘)m arranged at a higher 15

position-to Hg el\ll%%%rast?ounrﬁgrtion 20 arrangejd at'a lower position by
gravity. Since'the liquid flofv path 4Qqisiarrarged verticatly ithetiguid 1quid
:ﬁgifﬁl ”#lxgjé‘%% W jig‘ i%‘%g%‘é%ﬂOﬂ’yp%ﬂﬁ‘e“oa%frf%:&e%'yﬂ e pain,pattofy 4.

The liguid refrigerant flows in the liguid flow path
40 from the condenser portion 30 arranged at a higher
position to the evapcoration portion 20 arranged at a
lower position by gravity. Since the ligquid flow path 40
is arranged vertically, the liguid refrigerant can flow
in the liguid flow path 40 efficiently.

The main part of the liguid flow path 40 1s the
surface of the hydrophcebic flow path member 41 having
hydropheokicity. Because of the hydrophobicity, when the
liguid refrigerant flows in the liquid fiow path 40, it
is possible to keep the contact angle with respect to the
hydrophobic flow path member 41 larger. As a result, the
flew efficiency in the direction of gravity can further
be increased. In the case where the hydrophobic fiow
path member 41 is made of carbon nanotube, since the
carbon nanotube has a large hydrophobicity on the surface,
the liguid refrigerant can fliow in the liguid flow path
40 from the condenser portion 30 to the evaporation

porticon 20 with higher efficiency.

As & result, compared to a case of causing the

15



20 surface 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 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 where the hydrophaqbic flow path member 41.is made of
%%?%ld re%rl gﬁaﬂ%(ﬁf g?ow w%%qla llﬁ$§¥(¥%86%ﬁyth

ok
carbon nanotube, sincet carbon nanotu as aTgrge

ydrop

=

on thesiafaee, dietiquidutirigerant tan flohawnithedigiid floewapathc30 43 made

from theycandensernaion 20.fp feevanarauan, porian 29 with igher,
efficiency. As a result, compared o a case of causing the 1 EquwdEL
(efri_gePaiﬁQéCfﬁd\?@ With & capilaryforéecties biased disgibutionlof thecunt

sliquid refrigeragt, ean he-made. smaller ang.the flow, path igsistapee can, o
be smaller. Accordingly, a fear of decrease of the supply amount of 5 the
liquid réfifgeranttb tHevaperafioh Porfioh 20 isTdébreasedir sgstent is

circulatign of he vefrigerantis not .adversely.affectsd a&gawml%?fa@gﬁ be

stability can be realized. It should be noted that, to the surface of the
main 6 pidtéSHember 61 of the heat spreader 10, a not-shown heat

of
ig

not

radiation membeg sugh @sra heat sinkdnay bedthermally gonnected. lthis s i n

case, the heat diffused gilthe heat spreader 10 is transferred to the heat
%sink, ahdT5didted ffom

eHeat ¥ink 15 (I9EAESH1RAder mahytaéadmg ™ heat

method):Next, amembadineptehthesmanyfactudng methodef thesheat 1+

spreader 10 will be described. FLg. 6 is a flowchart showing the

lnamﬁggﬁ§ﬁ§%%gﬂméﬁ‘thls dase, the heat diffuged by the heat

spreader 10 i1s transferred to the heat sink, and radiated

from the heat sink.

i5 (Heat spreader manufacturing method)

Next, an embodiment of the manufacturing method of

the heat spreader 10 will be described. Fig. & is a

flowchart showing the manufacturing method.

20

30

The hydrophoblic flow path member 41 is formed on the
inner surface 64 of the main plate member 61 (Step 101).
Specifically, for example, a not-shown catalyst layer is
formed on the inner surface 64, and the hvdrophobic
nanomaterial 1s densely formed on the catalyst layer.

The nanomaterial is formed on the catalvst layer by
plasma CVD (Chemical Vapor Deposition) or thermal CVD,
but 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
members are precisely aligned. Accordingly, in the inner
space of the case 60, the condenser portion 30, the

liguid flow path 40 as the surface of the hydrophobic

—
[92



The hydrophobic flow path member 41 is formed on the 20 inner surface
64 of the main plate member 6'1 (Step 101). Specifically, for example, a
not-shown catalyst layer is 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) ar thermal CVD,. but not [imjted to the
fabove. 8)‘&, aet %é?.%rg?aetjé %%mbte%?g G?Lagng %ﬁ}éﬂ st]aetcé}lage8 'mém e%l %2
are bordegligaiditighthe (Steprl02) tefermothrescase 60. In the bonding,

the respective plate &%membgrs are prgciselyiali ned. Accardingly, in the
inner space oﬁ%é’cafse%é,e the condenser pori r% %%?%ﬁel%ﬁiggﬂ)éwcpaastﬁ 60

40 as the surfatedfthe Hdroph6bic.-16 Flowspath memberhdhahégasiagrams
flow p , and.the ration. portigr re forme ext, the
5 ath 30; and;the, evapgration, px 89@&%0‘% gfﬁg‘s‘fggé\l'oé%_ %‘I%é 7 are

refrigerant is injected into the case 60 to be sea
schem&fé Biatfraiis- 5-shcwingEnsetfiehice tHehinjettion rhethoo-ofibes an

refrigerant dnto,the ase.6QThe,gase 60-ingludes,an, injgctian pork 67 and
an injection path 65. The injection port 67 and the injection path 65 are
provided: 18 TnePmai? praté mérbel 61, for&Emple. 18%As ShowhsndFigyided

7A, thecpressure, of the innex spage.of the case 6Qjs geereased via the
injection port 67 and the injection path 65, for example, ang the
L0refrigerant ishAfuEdHRtctheitier $pacttforh 276EeFows dipend@eviasrace

the injegtionrport 84 andh thesinjection-15 path 65 As shovwuriniBlg. /Bx@ ¢7 and

press area 66 is pressed and the injection path 65 is closed (temporal

SeaHngSh%Tﬁ§3@Ctlon path 65, "for example, and the refrigerant
is infused into the inner space from a not-shown
dispenser via the injection port 67 and the injection

15 path 65,

As shown in Fig. 7B, a press area 66 is pressed and
the injection path 65 is closed (temporal sealing). The
pressure of the inner space of ths case §0 is decreased
via another injection path 65 and another injection port
20 67, and when the pressure of the inner spacs of the case
60 reaches a target pressure, the press arsa 66 is
pressed and the injection path 65 is closed (temporal
sealing).

As shown in Filg. 7C, at a side closer to the
25 injection port 67 than the press area 66, the injection
path 6> is closed by laser welding for example (final
sealing). Accordingly, the inner space of the heat
spreader 10 is sealed tightly. By infusing the
refrigerant intc the inner space of the case 60 to be
30 sealed as described above, the heat spreader 10 is

manufactured.

Next, the heat source 70 is mounted to a position of

17



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 sealing).
As shown in Fig. 7C, at a side closer to the 25 injection port 67 than the
press ar. .the injection path 65 is closed by las r,weldtihngf r
exampqif ?fir?r% l?egl?r% éA&%%%i%@l;% i[I"le C|:rlgrlrerresé%F/?)zylocrtlag&fr] the Oez:ﬁ%gpreader
10 is seskektightheByeinfising tAé réfrigerahfinto thérinrecspacerdetive the
case 601g.be.30 sealed,ag descrbed aboye, the heat spreader Eldpie 2
manufactured. Next, the heat source 70 is mounted to a position o 17

one maifiplaie FelRis&r 6T, Eoreesohibiag to the evaporation portion 20

5(Step 104). Inng caseawvherethe. heat squrce7Q is.a, CRYthe progess is

10

15

20

25h

30

for example a reflow scoldering processing. 5 ;he reflow processing and
the mantfa&ERARgCpfocessmg sFtheticdtxspiéader 16 m&Ebeex@ettst at

at differept areas (forexampie diffsrentfacteries) Son dnthecaseof, | 5o,
executing the infusion of the refrigerant after the reflow processing, it is

necessdty 16 trargporCio e feat Sgreater 1040 from tHerfattdridgerant

which deads-ta peoblems-af gostopanpawerimesongeneation of -ransport
particles of the transfer between factories. According to the ,
manufdQEring et 8 s 7, itis Pbsibigto exechiitherefipw "hich
processingraftertherbh completion-of the heat-spreadet 1R:solvingsthesration

aboveé¥ogg¥gicles of the transfer between factories.
According to the manufacturing method of Figs. 7, it is
possible to execute the reflow processing after the
completion of the heat spreader 10, sclving the above
problem,
ccording to the manufacturing method of the heat
spreader 10 of this embodiment, by forming the
nanomaterial having hydrophobicity at a predetermined
area before the formation of the case 60 and the
injection of the refrigerant, the heat spreader 10
including the condenser portion 30, the liguid flow path
40, the gas flow path 50, and the evaporation portion 20
can be manufactured. Accordingly, the manufacturing
method of the heat spreader can be simplified. Further,
since it is not necessary to be subjected to a
hydrophobic processing or the like, it snables lower
costs, easler manufacture, and higher reliability.
{Seceond embodiment)
(3tructure of heat spreader)
A second embodiment of the present invention will be

described. In the following, components, functions, and

18



According to the manufacturing method of the heat spreader 10 of this
embodiment, by forming the nanomaterial having hydrophobicity at a
predetermined 20 area before the formation 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

evapor, on P rtion 20, can nufactured Accordingly, the

manufacturing 95 method of ﬁa}éats spread%?% Be si rﬁﬁ‘iae%e%ui’t%e?f the
since itisnet nedessanestabe subjested ta achydrophabic pracessing:0erence
the Ilke it <’;lbles4_lc91 er costs aS|er ma f cture, a r}&p her reliabilit
(Secondy em%odmen% éjO f§ lgtu%g of hea s%’readerf) @9 T
embodimeéntiof fhre-presemt iiventibh wmib@ﬁdserlbedhmwmdfollowing,

¥ omitted,
“second”

5 components, E@ Ctl%nslsang f‘§ §§éﬁ(§l§1 ar 10 Ehose fthleetbeas owing a

20

25

30

spreader 10 of the above embo
referentea 'syfibicigdhe deseripiionwill betdimplifiedrol omittedti rand. of the

ment WI eattac]hedﬁ1 |th similar

t.part will mainly;he described. 5 Fig. 8 is a longitudinal sectional

view showing a heat spreader according to the second embodiment of
the preset in#éntidyy*As showhdin Hg. 8, &hehat spreatitsrl T0lRasathin thin
rectangular ase 160 similar 1@ the ¢ase 60 of the heat .19 spreader1Q.0f ...

g. 2. The case 160 includes therein an evaporation portion 120, a first
L0condenssrsottion 13004 secondicondenser portion 131, a first liquid flow

path 140 (firstlew-path); acsecond Jiguid flow-path 142 (second-How,, porcion
path), %251 first gas flow path 150, and a second gas flow path 151.
; &

irst condenser portion 130, a second condenser

portion 131, a first liguid flow path 140 (first flow
path), a second liguid flow path 142 (second flow path),
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 ligquid flow path 140 and the first gas
flow path 150 are provided betwesn the first condenser
portion 130 and the evaporation portion 120. The first
liguid flow path 140 and the first gas flow path 150 are
flow paths for the refrigerant between the first
condenser porticn 130 and the evaporation portion 120.

The second liguid flow path 142 and the second gas
flow path 151 are provided between the second condenser
portion 131 and the evaporation portion 120. The second
liguid flow path 142 and the second gas flow path 151 are
flow paths for the refrigerant bstween the second
condenser portion 131 and the evaporation portion 120.

The first condenser portion 130 is arranged higher
than the evaporation portion 120. Specifically, the
Tirst condenser portion 130 is arranged higher in the

vertical direction than the evaporation portion 120 with

t
W



The case 160 is infused with the not-shown refrigerant. The first liquid
flow path 140 and the first gas flow path 150 are provided between the
first condenser portion 130 and the evaporation 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

portion.120.. The second. liquid flow path 142 and the second gas_flow,
path 151 are pr(;%id%é %Lélt\?\ge%%%e%ge%%na%c%on%%s%]%%"o%%n Bl af%(? v
the evapdration portion 1201 Thessedordydiguid flow path 142 and the

second gas figyypath et aue. flow paths fordhe refrigerant between the
T Y L e 101 iﬁBé?ﬂg . lower

second condenser portion 131 and the evaporation portion irst
condenserportien A8 R FaRged highiern30 Hvan theevaporation portion

5120. Spegifically, thg first copdenser,pertipn. 130, is, arranged higher.in the

vertical direction than the evaporation portion 120 with 19 the first liquid
flow pathA4o-ardd the fifst gas g pathel 507 afrahged therebetiveen Thewith

second gandensgrpartion:131cis-arranged lower, than the evaparations =1,
portion 120. Specifically, the 5 second condenser portion 131 is arranged

lower iRtihe verticaFditecich e feeév&isdtation portion 120 with the
second liquid-flave paty 342+and he.second,gas flew: path 45l arranged ; o,
lotherebgtween. Thus, from the above, the first condenser%)ortlon 10 130,
the first fiqid it atit 1405t the Y gas “ow PatRAE0: e 17T Jas
evaporation portien 120, the seeond Jiguid dlow-path: 142 and thesecondonq
gas flow path 151, and the se¢ nd condenser portion 131 are arranged _
veﬂka.&ﬁ%ﬁﬁi%#&gﬁpath m48 and the second gas fiow paék 151,
and the second condenser portion 131 are arranged
vertically in this order.
15 The case 160 includes rectangular main plate members
162 and side plate members 162.

The first liguid 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 hydrophecbic flow path member 141 faces
another main plate member 161 via the inner space of the

case 160. The surface of the hydrophobic flow path

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

30 on the surface of the hydrophobic flow path member 141.

The second liguid flow path 142 is made of a

hydrophilic flow path member 143 (second nanomaterial

20
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15 The case 160 includes rectangular main plate members 161 and side
plate members 162. 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 memhegr 161. The hydrophobic flow path member 141 faces
anothzirar%g#]] p')la?é&rﬁeqﬁ%%%%%%ﬁ \71I§ tﬁeP sl négras%%c%e(%%ﬁg %g[s%e i%o%ormd
The swfacenofitheddidrophgbiccfiew pathr 25amenitrer Iidiemaindy dunctions

as the first liquid fl h. 140, Further, the inner, space.mainly functions

as thegfgi;r%tt !}g%% flﬁngp%ﬁ %% ﬁgr\}v%ae?,uthiaffo%v pat so(]:fgrll%oet Be ‘divided
clearlyr Aetgaltyettre liqditrefrigerant may oftow. initr@hrmap@p}ace@ahd thé 43
gas reffigerant pay i Suan ihe sutface oh e hydonhobic fawpatl: opace
member 141. The second liquid flow path 142 i1s made of a hydrophilic

flow p&th rhembet 43L& conthrafomaterial 2D feyer)hvAvenydiophilic-ow

flow path:membgr143,is formed; at animmediately. lovser portion fhan fhe 4
evaporation portion 120 of the inner surface 164 of the one main plate
membér 281 PFRE hyffophilie HovE patt AfembBéE 143 BHages e bthdranctions

main plateymember 61 viatheinnergpace of thecase,160. The suifagepathg
of the hydrophilic flow path member 143 mainly functions as the second

liquid fBWpathPEaZ Flntlisr, the fineY spdeetmainly furidtions! d@8ife

second-gasflow-path 481 However, thedflow pathss1@ canngthedividgd s
clearly. Actually, the liquid refrigerant may flow in the inner space, and the

gas reffigératt may ABREor te siftacd of e hydophiict Mow gatephiLic

membent43path member 143,

The evaporation portion 120 is thermally connected
with the heat source 70 via the main plate member 161.

The hydrephebic flow path member 141 and the
hydrophilic flow path member 143 are made of nanomaterial.

The hydrophokic flow path member 141 has hydrophobicity
at least on the surface. In other words, the entire
hydrophebic flow path member 141 may have hydrophobicity
or the surface thereof may be subliected to a hydrophobic
processing. The hydrophilic flow path member 143 has
hydrophilicity at least on the surface. In other words,
the entire hydrophilic flow path member 143 may have
hydrophilicity or the surface thereof may bs subjected to
2 hydrophilic processing.

The hydrophcbic flow path member 141 and the
hydrophilic flow path member 143 may be made of the sams
nanomaterial. In this case, after forming the flow path
members with the nanomaterial, appropriate hydrophilic
processing may be executed. The hydrophilic processing

may be for example nitric acid processing or ultraviclet
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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
at least on the surface. In other words, the entire 20 hydrophobic flow path
memb%ra 41 ma have hydrophobicity or the surface thereof may be

.

subjected to a hydrophobic processing. The hydrophilic flow path member

143 has hydfophikeitytatdeastort ke surfacehmcothef Wardgz the eatiresr 141
hydrophylic tlow path, member 14 argay%agﬁ SR LOPIIE LIS aporatson

surface thereof may be ‘subjected to a rophilic processing.

hydrophobic flowlpdth nidémber 141 arvd tve hydrophitic flowlgath membbgrs
143 may. be-myade of the same, nangmateyial, In this Gase, after forming
the flow path 30 members with the nanomaterial, appropriate hydrophilic
proces3H RyBe éxecuted. The hydrophilic processing may be for

example nitrig acid-processing or ultraviglet, 2.1 radiation. In addjtionta . ..

the hydrophobic flow path member 141 and the hydrophilic flow path
member: 143 the EVaporaticr 'portion 1207 the Hirstesherehsef poktforf o

130, ang the dssecondrgondenses partiond31:may ke formed-ob.+ ror easily

nanomaterial. The thickness t of the hydrophobic flow path member 141

and th& RyBFSPRRCAGR path néffbkt 145 5FoP exahfpl HPRRPRL £06 Low

pm. In g8 riararder foreasily kthundetstanding: therscale yatio ofthe =+ 143

hydrophobic flow path member 141 and the hydrophilic flow path member
143 with r8spEEHs the tase f6( ’matidlargertfdn e rder than the

actual configuration.

The case 160 may be made of a metal material,

The heat spreader 110 is 30-50 mm length (e) on =ach
side and 2Z~5 mm width (w), for example. The shape of the

heat spreader 110 is not limited tc the rectangular shape

as shown in this embodiment.

(Operation of heat spreader)

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

When the heat scurce 70 generates heat, the heat is
transferred to the evaporation portion 120 via the main
plate member 161 of the case 160. Then, the liguid
refrigerant in the evaporation portion 120 evaporates to
be the gas refrigerant. Part of the gas refrigerant
flows in the first gas flow path 150 toward the first
condenser portion 130 {arrow A'). BAs the gas refrigerant

flows in the first gas flow path 150, the heat diffuses,
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5

actual configuration. The case 160 may be made of a metal material. 15

The heat spreader 110 is 30-50 mm length (e) on each side and 2-5 mm
width (w), for example. The shape of 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; Eig. 9.is.a schematic diagram. shawipg the operation. 1. o »
The heat spreadér 110 is asSumed to be arranged such that the main

plate Rémbe?s 161 %arec afranfed, forexapleavertically ©25 When theus the

heat squrce 20 generates heal the:heat is,ransferred fo.the evaporatign
portion 120 via the main plate member 161 of the case 160. Then, the

liquid teffigefartanthe Bvapbraticipoitort 220 Evapératesivd b fergasth
refrigerant. Part-efthe-gas refrigetant 30.flews in thefirst gas flow path,,;, pr) .
150 toward the first condenser portion 130 (arrow A'). As the gas

refrigefatit IBRETRAE first ga< oW path 1505 te Reatdiffuses, P2eaRdrows
the gasg refrigerant,condenses in the first condenser portion 130 to be the
liquid phase (arrow Bi Thus the heat spreader 11_0 radiates the heat
(arrow C'). THE iliia t&frigRFATHEAS n tHe fEIiEaRI fidiy alt 5240 to
return tetheevaporationrportiond26k(arow )+ The operatianisssimilashe

10 to the og%roaélc?n%%f thgla(%ows %\q g){ Fl%.w%%ﬁ eanwhile, oth\%S él)art of the

20

25

30

gas reffigerant Generated inthe evaporation portion T20 flows iR tRe "5+
secong gasiftow path 181 toward the second condenserpodiomt3Eicws in
(arrowt@éAsssetggn%?sgraesfrigﬁ%awntglgt > i{]51, the heat diffuses, and the
gas refrigerant condenses in the second condenser portion
131 to be the ligquid phase {arrow F). Thus the hezat
spreader 110 radiates the heat (arrow G). The ligquid
refrigerant flows in the second liquid 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.
By controlling the refrigerant flow paths such that
the liguid refrigerant flows in the first ligulid 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 path 150 and the second gas flow path 151 {arrow
A', arrow E) as described above, it is pozsible 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 E to H in Fig. 9 are merely rough guide
or rough standard, and not clearly defined.
The flow of the liguid refrigerant in the sscond

liguid flow path 142 as shown by the arrow H will be
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the second gas flow path 151, the heat diffuses, and the gas refrigerant
condenses in the second condenser portion 131 to be the liquid phase

(arrow F). Thus the heat 15 spreader 110 radiates the heat (arrow G). The

liquid refrigerant flows in the second liquid flow path 142 to return to the
evaporation portion 120 (arrow H). By repeating the above operation, the

heat ofthe 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 liqUidefiovi Syeith I40E R i@ secéAd Hguihfldwpatls 142d(abrow id

D', arrev.i) gnd:ihal the.gas refrigerant flows-in the first.0as flow pat o, paen
150 and the second gas flow path 151 (arrow 25 AT, afrow E) as
descrifEdaBeve fit iS'possible to detrdaxeithe fairet nixturessiang liepidienser

srefrigegant-and the gagrefrigarant The gperationakzones as shown by

lOwith a %éhrr)llﬁarey forE8 TS %ya

20

3G

the arrows AT to D' and the arrows E to H in Fif?. 9 are merely rough
guide 3B%rFoughEtaRdard Shdlidt Geamy definéd. Thé Helrst thiediduien

refrigeraintin the:-seeond diguid flew path 142 as shown by the arrow H will
be 23 described. The liquid refrigerant flows in the second liquid flow

path 142 as theSuMALe st the 1y dtdpHilie Holy PERC frember 143 rfade of

nanomaderial framithe sesondicongenseeH perion 131 agrangedalng 1y
lower po.sitiQEn to the evaporati?n portion 120 _arranged at a higher position

ophilic lowpath méfber £43 RE§E ¢, when

nanostractore: onzthetsuistaces thatgs care extremsty: 104nistde strusture«of=

10'“”%&%%%%3915:'¥R%“E@§b$@?ﬁanotube is 10 nm toc 50 nm, and
the length is 100 nm to 100 um. Accordingly, the liguid
refrigerant can flow in the second liguid flow path 142
with a capillary force. BSince the hydrophilic flow path
member 143 has hydrophilicity on the surface, the liguid
refrigerant permeates the surface of the hydrophilic Fflow
path member 143. As a result, the more liguid
refrigerant can flow in the second liguid flow path 142
with a capillary force, and the flow efficiency from the
second condenser portion 131 to the evaporation porticn
120 can be improved.

Ag described above, according to the heat spreader

110 of this embodiment, both the second liguid flow path
142 causing the liguid refrigerant to flow with a
capiliary force and the first liguid flow path 140
causing the liguid refrigerant to flow by gravity are
employed. Accordingly, the refrigerant is separated to
the second liguid flow path 142 side and the first liquid
flow path 140 side. Thus, the biased distribution of the
liguid refrigerant can be made smaller, and the flow

efficiency of the liguid refrigerant from the first
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carbon nanotube is employed 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 liquid refrigerant can flow in the second liquid flow path
142 15 with a capillary force. Since the hydrophilic flow path member 143
has hydrophilicity on the surface, the liquid refrigerant permeates the
surface of he ydrophlic flow, pgfh, member 143, Asa result e more
liquid reﬁlgerant cah Tlow in the secon licjuiid flow péjth TAY I Witha
capilladiforce, ancttherfiow:efficiency from the IsEtorercandensger posetion
131 to ration portion.. 120 c e improved. As described abov -
cccori e s sebatE T1b o B imene BORARS sisait of
liquid flowe patha 25l 42fcausing the tiquidhrefrigematrtdflow witlraion 120 is
5cam”a@QPP§a§QQ}hgéwsvﬁﬁﬂ%ﬂpﬁhEQQBiépcﬁ@%ﬁﬁQQ&%%l grant is not
refrigerant to flow by gravity are employed. Accordingly, the refrigerant Is
separafél 5 theésetbhddicrid How path MZ2sieland tHefrst iguid3e be
flow path 140,side. Thys: the biased;distribution of the Jiouid tefrigerant,
can be made smaller, and the flow efficiency of the liquid refrigerant from
the firsP24 'cotflenser pdriioh' 136 ahd the sekohdcontenset porticn 13E
to the evaporationpostion 420 cankbe improved: rAcerdingly a fearofs 1 ow
decrease of the supply amount of the liquid refrigerant to the evaporation
10portionPE0is's Hecrédset, RbY e ciréulation Of 458 FéffigePaiitis ot
adverselyraffegted andsthe-eperatipn:stabilityscan he realized-FuHbEE=r
with respect to one evaporation portion 120, a plurality of flow paths, that

s, the Sirstiiiitd fidtv fath £46 andAESeCORA TRtid figwE =00 191 can be

provided, which improves heat diffusion sfficiency.

(Heat spreader manufacturing method)

}‘_.J
[8

To manufacture the heat spreader 110, a nanomaterial
layer is formed to form the hydrophobic flow path member
141 ({corresponding to Step 101 of Fig. &), and another
nanomaterial layer i1s formed and subjected to appropriate
hydrophilic processing, to form the hydrophilic flow path
20 member 143. The nanomaterial 1s for example carbon

nanotube, but not limited to the above. The hydrophilic

processing may be for example nitric acid processing or

ultraviolet radiation.

The evaporation portion 120, the first condenser

) perticn 130, and the second condenser portion 131 may be
formed of nanomaterial. The evapcration portion 120, the
first condenser portion 130, and the second condenser
porticn 131 arse for example hydrophilic,

~

After the formation of the hyvdrophobic 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 10Z to Step 104 of Fig. 6.
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zcond

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 nanomaterial layer is formed to form the hydrophobic flow path
member 141,(conesponding (o, 5tep.101 of Fig, 0), and another. i o riocnoa
nanomaterialzf [ \r ed to opriate ydro ili¢ ¢
processihg} o forerithel hydrophilic-flow path 20=messbery143. Fhem a wick
nanom@%@@ﬂ%)@%r %@@Bée %@L@gnogalg% Ubsempf'gcr:]gt g@.lt‘t:egetolthguid flow
above. The hydrophilic processing may d
processighor ultFavidlet yadiatinThe wvaporatiorepertiorel 20.stheyfitspphilic

eégfﬁzsc%é@g{ lon 130, and the secopd-condenser poytion 131,may be,

ayer is formed and subject approp ph

e for example nitric aci

nanomaterial. The evaporation portion"120, the first condenser

portion=E30, Ehd He $660H Bondens&T poftiorr 31 bfe foradarhplesr costs.
hydrophilic. Aftex the farmation,of the hydrophobic flow path 30 member

141 and the hydrophilic flow path member 143, the heat spreader 110 ‘
may be manufaéturéd with the® nidndfagturing mellicd of 8t 67 té Stepding
104 of Fig.6.12b: Agcerding tadhe: heat spreader manufagiuingmethogdsef 14
this embodiment, it is not necessary to form a wick structure or the like on

the surtace of HEfquid Fiow paith Fand itlis Bhi nededdiiy 16 Bxetateie -

15

20

30

hydrophdierb precessirg to-realize-a eapilagy. action, which enables
easier manufacture, higher reliability, and lower costs. (Third

embodiment)’Fig “1678 aplaf Vgl of & Fi4t spreadBfalésibingreader 210

includes a thin rectangular case 260. The case 260 is
rectangular in the plan viaw. Seen from the lateral
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 ligquid flow paths 240 (first flow
path), a plurality of gas flow paths 250, and a plurality
of condenser portions 230 (first condenser portion). The
case 260 further includes the refrigerant (not shown),
sealed therein.

The liguid flow paths 240 and the gas flow paths 250
are respectively provided betwesn the condensesr portions
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 porticns 230 and
the evaporation portion 220.

The evaporation portion 220 is formed at the lowest
pesition in the case 260.

The condenser portions 230 are arranged higher than

the evaporation portion 220. Specifically, the condenser
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to a third embodiment of the present invention. Fig. 11 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 righy gnd portions. The Cé‘ff?a%%%E‘%L%Ei?@t??{%@na'%%ae%%@f‘at_ion
portion 220, a plurality of liquid flow paths 240 (first flow path), a plurality

of gas oW pathsZ250, Hrid a ParalifZ0 of EbAteRsENPoribhsa2BD [first cas
condensef,portien). 7he gase 260 further includes.the r%ﬁﬁigﬁiélﬂt Mot e

shown), sealed therein. The liquid flow paths 240 and the gas flow paths

250 afe-tEspethivelyprovitietbetvesirtheccondetiset forigis 25930t

sand the gvaperation portion.22Q.:Ehe iquid:flow paths, 240 and the 4as tne
flow paths 250 are flow paths for the refrigerant between the condenser

portiorf°S36 and! e evdporatiorPoRtidh 20 AheBdaporatidmidriioh patns

220 is formed-at the-lowest 30 position ipdhe case260. Tha.condenser < he
portions 230 are arranged higher than the evaporation partion 220. N
SpeciftBiiy the CondeNser 26 horions 236 are Arranged Higher tHarPihe 2 =hs
evaporationz pertian:22Q svith the hguid flovspaths24Q anddhegasa fovn

. ~paths 250 ar.ranggg_therebetween. In Fig. 11, the plgrality of condenser

10 5 iq&nff

portione™330 &fe afranged ats sUfistant 1e same Height, but not
limited to the Takove: sEhe hiquitkftow pathsn246 and:the gasiflewpaths zas an
250 ar%}:?‘;gléarngsetldr acezlg tgnbc? iar]clgg%%'o-rléh%%igrf%rgét]eand side plate
members 262 as wall surfaces.
The liguid fliow paths 240 are made of hydrophobic
15 flow path members 241 (first nanomaterial layer). The
hydropheobic 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 241 as the bottom surface so as to be
20 inclined. The hydrophobic flow path members 241 face
another 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 fiow 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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above, the condenser portions 230, the liquid flow paths 240 and the gas

flow paths 250, and the evaporation i0 portion 220 are arranged in this

order. The case 260 includes main plate members 261 as an upper

surface and a bottom surface, and side plate members 262 as wall

surfaces. The liquid flow paths 240 are made of hydrophobic 15 flow path
membess 244 {firstnanomatgrial layep,Ehe shydrgphabigflow path + 1o
members 241 are formed at a portion higher than the evaporation portion

220 arftt Wt thdn e i ®Enssr %ﬁoﬁé?%oﬁﬁf%iﬁﬁ%fﬁ%ﬁa%g@a@af the
one maiaplatesnemher26L asdhe batiom suHacese-asita-be 20 i s not
inclined, The hydrophobic flow path members 241 face another main

plate éf%:b%?%GﬁoviE}fﬁe?r?ﬁé’resﬁascesaﬂ’ﬁé tHs& 260, TSRS of

the hydrophottic: flew=pathamembers-24bmainly fusction asdhe Jiogid.flowr ed
paths 24(%1,\int e i%r:er space. Fur f¢ r, the inner space mainly 25 functions

as the ‘Gas flow paths 250 Hbwevey, the flow “p&ths tannot be Hitiaet <61 -
clearly. Actudllye the tiquidh cefrigefantimay-flownimiherianern space, andithe,s a
gas refrigerant may flow on the surfaces_of the hydrophobic flow oath = .
membLrs 24T 30 The Reat S2ader 210 of ihis SmBedTRENt Rafap o = ial
example, 30-60amantength ¢(eyrbnreachrsideflengthiof the: elandated to the
directi he side p 6 % nd 2-5,27 mm widt ) (length

of the %%g%rih%%eﬁa to%tﬁ%%%] on%f%\tég %iﬂre%ﬁg% 0 %ﬁ%ggfa% r|;%I%'£1Af(e grlnaevrgﬁ’ber
262) ilmther gteneiew. tTThe shape ©f the heat spreatier 240 istnob tidtedvords,

to the shape as;sho Mﬁ%lsm@déwtp%mem%\{;%?&é%“% pogtion n%f%e

is thermally connected with the heat source 70 via the main plate member
261. hydrophobicity or the surfaces thereof may be subjected

to a hydrophobic processing. The thickness t of the
hydrophobic flow path members 241 is for example 100 nm
to 100 pm. In a case where carbon nanctube is used as

the nanomaterial, the length of the carbon nanotube is

e

set to 100 nm to 100 um.

In addition to the hydrophobic flow path members 241,
the evaporation portion 220 and the condenser portions
230 may be Zormed of a nanomaterial.

The case 260 is made of a metal material, for
example.

The heat spreader 210 is different from the heat
spreader 10 cf the first embodiment in that the
hydrophebic flow path members 241, the liguid flow paths
240, and the gas flow paths 250 are inclined, and the
plurality of condenser portions 230, hydrophobic flow
path members 241, liguid flow paths 240, and gas flow
paths 250 are provided. By forming the hydrophobic flow
path members 241, the liquid flow paths 240, and the gas

fiow paths 250 to be inclined, it is possible to form the
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The hydrophobic flow path members 241 are made of a hydrophobic
nanomaterial. The hydrophobic nanomaterial is for example, carbon
nanotube, but not limited 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
hydrophohigity py the-sudaces ereph may e sublected Joa R opheplc,
processing. The thickness t of the 15 hydrophobic flow path members 241
is for &3@MpRIOB A 44 100 prat itlalcde Whérescarbon rfdribttBeé is - ov
used as, the nanomaterial, the.lgngth of the.carbon nanotube is; setiQted in
100 nm to 1100 um. In addition to the hydrophobic flow path members .
241, 20 MeéFapdratisn porfi6R 220Pand the'edndehserpéitivhs?230Tmay -1on
5 be forped:ofa nanematerial,- The case 260,isynagdenf asmetalmaterial,
for example. The heat spreader 210 is different from the heat 25
spread&rei Of tHEHirst Eﬁ‘ﬂ)da]iﬁ‘?én?ﬁ fttRE YhydropRBbic bt Path
membeks 24 4 stherliquid dew-pathso240na8d the gasdlow paths:250 ase
inclined, and the plurality of condenser portions 230, hydrophobic flow
path nfefRBErS 24P RidiRd oA paths 240" atid JAEAISW 50 paths 250 are
provided. By datmingtthe hydrapholicflows zpath mambess 244 ythesligudidicity
flow paths,240, and the gas flow paths 250 to.be inclined, it is possible to_, _
form (18 28 B ATty T CondenSen paher 230, 4 ehBbHobiE Hom athe €2
members241 zliquid flowrpaths 240) and gas flowy pathsn25Q.tAccardinglyniging
the refrigerant is separated in. a plurality of directions. Thus, the biased i
distibUn SOt g Uit o B8 e apaller e GHSE where
the inclination angle of the ligquid flow paths 240 is

10

further smaller, the hydrophobicity enhances the flow by

15 gravity. Thus, the hesat spreader can be provided not
vertically but substantially hcerizontaily, 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, hydrophebic flow path
members 241, liquid flow paths 240, and gas flow paths
250 may be provided.

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

30 The liguic refrigerant f£lows in the liguid flow
paths 240 from the condenser portions Z3C arranged at a

higher position to the evaporation portion 220 arranged
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Accordingly, the flow efficiency of the liquid refrigerant from the
condenser portions 230 to the evaporation portion 220 can be improved.
Since the liquid flow paths 240 have hydrophobicity 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 liquid flow paths 240 is_further smaller,
the hy&%pﬁo%?é’f@re%oasnc%]sot e oV by 5 gravity Tius: e hegt e +ov
spreades ican e prenvdded mot iverticalty:butl substantialfr-horzantallyzand 1 ow
can be, provided depending on various. provision conditions. Here, an
exampjre w%w\{ée?e ngg%%d%]“r%gr B%?Fthﬁosnszoggo% twé 1Tr1a§/‘érl'ﬂrhc%[3]h‘obic flow path
members 241 twollicuid dlofl 20 pathiss240, (and-twd gas flonf paths 250 the
are prqui IS, n not i it%%t trlLe above. For.example, three or. _
more co}ﬁ%%%%e?)%%\rgﬁo%%%%%%%ropﬁ%glcsﬂo%\%%at avrﬁgﬁ}bi—égge %ﬁn %Ejic Y
flow pdths 249 anll gasflowpaths 2B0C hiay bé providedigs Fherigerant
operatign.of the heat spreader. 210 is similar fo the.operation o he heat
spreader 10 of the first embodiment (Fig. 5) . Here, the flow of the liquid
refrigeFdhitin TIRENGEiE fidw patiss: 240 coresponding to-drndew Diofrigaths
5) will megely-hesdeseribed, 30 Theiquid, g%fﬂgﬁ@rw%g the Jiquid flow.

[

paths 240 from the condenser portions 230 arranged at a higher position

10to the &V4PGratioh horlieh 22D drfardéd P aPRIGREF pbSifitnisy -Graifgos s

20

25

30

surfac&Sof fHereased.

Since theiliquid flew. paths 240-are:inclingd, thediguid refrigerant canfloW < her
in the liquid flow paths 2401 Ey+%2vi(£)é.sTehg Qgﬁiiéj fTI;ohvg pﬁtgs}ﬂg4g are jh% Lo

T yvdrophobic OW
path members 241 are made of carbon nanotube, since the
carbon nanotube has a large hydrophobicity on the surface,
the liguid refrigerant can flow in the liguid flow paths
240 from the condenser porticns 230 to the evaporaticn
portion 220 with higher efficiency.

As a result, compared ftc a case of causing the
liguid refrigerant to flow with a capillaryv force, the
biased distributicn of the liguid refrigerant can be made
lesser and the flow path resistance can be smaller.

In addition, since the plurality of condenser
portions 230 and the liguid flow paths 240 are formed,
the circulation efficiency of the liguid refrigerant to
the evaporation portion 220 is farther improved. As a
result, a fear of decrzase of the supply amount of the
liguid refrigerant to the evaporation portion 220 is
decreased.,.

The manufacturing method of the heat spreader 210 is
similar to the manufacturing method of the heat spreader
10 of the first embodiment (Fig. %), so the description

thereof will be omitted.
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5 hydrophobic flow path members 241 having hydrophobicity. Because of
the hydrophobicity, the liquid refrigerant does not permeate the surfaces
of the hydrophobic flow path members 241 when flowing in the liquid flow
paths 240, and therefore it is possible to keep the contact 10 angle with
respect to the hydrophobic flow path members 241 larger. As a result, the
flow efficiency ITr:,an fg{[hher be mcreaﬁed. In the case where the
hydrophobic fow pa memberseﬂ:l are made of carbon nanotube, since
the carbon nafotube: has adérge: hydrgphedbicity)on the surface, 15 the
liquid refrlger@nt carﬁlow in_the I |d flow paghs %40 from the 8ondenser

portions 230 10 the évaporafion p portlon 320 with higher efficiency” A% & CFding

result, Eempateditia case dficauging the hiquid sefrigeramtterflovewith &ig. 13
SCap”larZYSfogcfio@@z%qigﬁgg %étél?ygggl()fx;geevuquw ?{rlg ra% dcagrgeader
n additi !

made lesser and'the flow path resistance can be sma
since thé plurbligirof-&endenser i pertiohsf230 and theFliquid flow paths

240 are formed,, the circulation,efficiency of the liquid rs@&ef@%m 23 the,

evaporation portion 220 is farther improved. As a reSult, a fear of
decrease st tRé siipply arount of the liquid refrigerant to the evaporation

portion 220 is: dlegreased: The manufacturing ymethod.of the heat. . 31
spreader 210 is 30 similar to the manufacturing method of the heat

*0spreadel HO'6F theé fift BmBEGRTEHER] 6)2S$6 the Bescription thereof

will be omitted,30 {Eeurth @mbediment). (Sticture of-heatspreaden Figortion

12 is aglan view of a heat spreader according
a flow path 3 (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 a rectangular bottom plate
member 3¢l, a rectangular top plate member 363, and side
plate membesrs 362,

The condenser portion 330 is arranged higher than

the evaporation portion 320. Specifically, the condenser

25 porticn 330 is arranged above the evaporation portion 320
in the vertical direction, with the flow path 340
arranged therebetwsen. In shori, from the above to the
beiow, the condenser portion 330, the flow path 340, and
the evaporation portion 320 are arranged vertically.

30 The flow path 340 includes a hydrophobic flow path
member 341 (nanomaterial layer). The hydrophobic flow

path member 341 is formed at an inner surface 364 of the
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to a fourth embodiment of the present invention. Fig. 13 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 f t first flow_ path), and a condenser, portion .
330 (first coﬁde%qsyé}p go?(tli%n e( %hsétégsgg%%g f%r?héﬁ%%ﬁ;%i tﬁ%@ svaporation
refrigetant {(hotiskéwn), Sdaledijstherbin. Therflove pathr 3404w previdedember

betweeyy the copdenser, porfion 330 and the-evapgration porton 320. The

flow path 340 is a flow path for the refrigerant between the condenser
portiornF33@ akdthe evaporation pertion 320. 20 The case 360 includes a
_rectangular bottom plate member 361, a rectangular top plate member

363, and side’ Blate’Menmbera g6 2 5He Eéiderber portion 33818 Skt
higher ghaix sthetgvaporation pertian 320-Speecificaly, thecondenser 25obi ¢
portion 330 is arranged above the ev quaiion portion 320 in the vertical
direction, %i%ﬁﬁ'negﬁgw paftt328 “47hged thétebetwdsn Th sHorE frsm™ed
the abevérta the: helaw, theneandensier portiond 339 the flowpath-340,and
the evaporation portion 320.are arranged vertically. 30 The flow path 340 .
incl udee&'fl1 %?/ﬂ%%ﬁgbig? ow 8 th? £rrc’{?e'mbg rfil%an%%%%étefﬁ%?la%%l?ﬁ tlic

1Chydrophobic. flow path memben34t is-formedlat an innerrsurtaces364 of on
the 31 bottom plate member 361 so as to surround the evaporation
portiong??id.lThat is,ﬂgph%eeﬁ?grop obic- gv?/lfphtﬁiﬁn”errﬁggrll&“edo © the
above. In addition, without providing the plurality of
hydrophilic portions 3453, one continuous hydrophilic

portion 345 may be provided.

15 Each of the hydrophilic porticns 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 be
groove-like. In the case where the hydrophilic portions

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

25 The evaporation porticn 320 is rectangular in the
plan view, for example, but not limited 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 hsat spreader 310 1s not limited to the

rectangular shape as gshown in this embodiment.
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341 is arranged at substantially the same height as the 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 faormed radially with the evaporation portion 320 being

the center, btﬁ%neoﬂﬁ%%feof ooﬁwjéc a%%\)/"é. na?gdfﬂ%%,’ hdut providingthg® 2

plurality of riwydrophiticrportinns 845z bne tartinuoitschydrophilicapostionerial

345 may,_be provided. 15 Each of the hydrophilic portions 345 has a width

realizinlgsa E:Cgﬁi”%}ﬁ? oree’ Tﬁae%Byod}OSﬁl |8%%:r)t?dn% 545 Rave h%srcoep%,ili“ccftythe

on the sbrfaee. Thechydrophilicoportionsc34 > atay bemptane formedhby
5patt_emkq§%rocf g%]b@iig{fog\f'i”é slp tgg acf Vg{:}%g‘.ea'g:he. hygzra(.)%hazl I%J: words,

portions 20 345 are groove-like, the size of the groove Ras a Size

realizirig& capiliarg foredr ThlechyidrofhebictportionSdde is a4 hrea frdeave

from the hydrgphilic portiops 345, In, arder forsasily understanding, the . .y +

number of the}? hydrophilic portior?s_ 345 is decreased in the%‘igure. qur%%te °

evaporati6i PoTRER 320 iBrecahgiular-in flee planiviene d6r exarhpléidbut

not limited 1o, e, 8boves Jhe.evaperatian potion 320dsthermallyi o 190 nm to

connected with the heat source 70 via the bottom plate member 361. The

“Oheat spredder310'., fstexariplel 30156 nit SoPlenRgH: fe)fdif eakh 'Sigerember
and 2-5 mm wiglth v} Thershape, of the hegbspreades 310,jsnot ligyted

to the rectangular shape as shown in this embodiment. 32 The

hydrophBBRIOW PHEt membét 345R WABEDfepron nanotube is used as

the nanomaterial, the length of the carbon nanotube is
set to 100 nm to 100 wum.
15 The case 360 is made of for example a metal material.

(Operation of heat spreader)

The operation of the heat spreader 310 as structursed
above will be described. The heat spreader 310 is
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 heat, the heat is
transferred te the evaporation portion 320 via the bottom
plate member 361 of the case 360. Then, the ligquid

25 refrigerant in the evaporation 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 liquid

refrigerant flows in the flow path 340 toward the
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hydrophobic nanomaterial. The hydrophobic nanomaterial is for example,
carbon nanotube, but not limited to the above. The hydrophobic flow path
member 341 has 5 hydrophobicity at least on the surface. In other words,
the entire hydrophobic flow path member 341 may have hydrophobicity or
the surface thereof may be subjected to a hydrophobic processing. The

thickn% sdE%f tfrllebhgdr phohic flow path memhper 341 is for example 100
nm to 155 100 pr%. In ag%lﬁi% t%{t%enfﬁéy r(e)ghgg)ii)gi‘loﬁvjfb%th e eF“’flff,gerant
the evaperationrpdrtion 320 maydye forfiedvob mamonsatesal. 3d A casereturn

where caron nanapie bysedas-thenanomatetlel e LRI OLIE apove

carbon nanotube is” set to 100 hm to 100 pm. 15 The case 360 is made of

for exaraglesd htctal agetigla f(Operatien of heatsprezelerY The opefaticied by
5 of the heat spreader, 310 as stiugtured above will be described. The heat

spreader 310 is assumed to be arranged such that the condenser portion

20 330, the flBEpath340 farid thel eap6ratib R Ho¥edrR 3202 ard Afranged

vertically \When ihe-heatspurce 7 Q.geperatesheat the heatiisscripned. The

transferred to the evaporation portion 320 via the bottom_plate member

361 of th&lthse B60F THere e Afuithss fefngerditin thé evipbidtiorenoer
portioz320 evaperatesde he the gasyefrigerant: Thegas refrigemnt e
flows in the flow path 340 toward the condenser portion 330. As the gas,

10 refrigerarit ows M theHfoi path 398 tichéat diffusesd anrpithe fagortion
refrigemant condenses dn the 30.condensen portion 330 to beithediquid .  The
phase. . Thus the hga,t sgreader 310 radiates tpe heat. Theli uid -
refrigerant fiows i tha%ow pati 33058/ aFd the'337e Pyarephilic portions

345 flows in the hydrophilic portions 345 formed linearly
as liquid flow paths with a capillary force toward ths
15 evaporation portion 320.
With this structure, in nct only the case where the
flow path 340 is arranged above the svaporation porition
320, but azlso the case where the flow path 3240 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 improved, and the higher
flow efficiency is maintained.
Since the liguid refrigerant flows to the
25 evaporation portion 320 mainly by a capillary force, the
heat spreader 31C can be used in not oniy the case whare
the condenser portion 330, the flow path 340, and the
evaporation portion 320 are arranged vertically, but also
the case where they are arranged horizontally.
30 {Heat spreader manufacturing method)
Next, an embediment of the manufacturing method of

the heat spreader 310 willl be described.
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hydrophobic flow path member 34-11 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 5 the heat spreader 310. The flow of the liquid refrigerant on
the hydrophobic flow path member 341 will be described. The liquid

refrigerant on,the hydrophobic. flow path member 341 is repelled at the
hydrophobic%%retio%r}lfl §£§p$ﬁ§ 10 }%qlucl)g rgﬁ%%rgﬁ%%glféfgt the - ormed on an
hydrophiobic portior: 344:=isaggregatetbto thertydrophilic poftichs 3dbner

The liguidrefrigerant aggregated 1q the hydrophilic portions . 345 flows ip. .. -
the hydrophilic portions 34§%§rmed Iineaglygggwé%f 6w%%a%Hs V\%ﬁ?gl really,
capillafy foree 1owErd Bt 25 evapbeatich pertiohn320L Whithtthis structureurface

5in not eply the casejwhere the floy: path. 340 is arranged abgye the . ¢ ryaq

evaporation portion 320, but also the case where the flow path 340°is
arranged subistaftiatiythe seine heightas Hieavaperatioh 26 poftfonf820:ed on

the flowgfficiengy of the liguid refrigerantfromthg.condenser peition 330 ;¢
to the evaporation portion 320 can be improved, and the higher flow
efficiency s idintained SAt&’the liquid refrigerant flows to the 25

evaporation portieny320i rainly by a gapillansforge, the heatspreader 3.4 on
__can be used in not only the case where the condenser portion 330, the

 flow pdth™s40. aftha” &Fapbration poitioh U SACaranged WricaRporation

but alsec the case wheie they are aranged horizomalys 30 Heatarea, and
spreader m%nufacturinggmethod) Next an embodiment of the
[ e

AR £ ¥h& heht SBrehder 31150 Wi bePdssthbegtow Path

manufactu |n%rm3ﬁ1€oad
member 341.

Next, predetermined areas of the hydrophokic flow
i5 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 ultraviclet radiation,
performed on the nanomaterial layer. The hydrophilic
20 portiocns 345 are linearly formed. The hydrophilic
portions 345 may be plane formed by patterning or by a
groove processing.
After the formation of the hydrophobic flow path
member 341 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.
According to the heat spreader manufacturing method
36 of this embodiment, the hydrophilic portions 345 are
formed by the groove processing or by patterning.

Accordingly, the minute structure can be formed and the
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34 The hydrophobic flow path member 341 is formed on an area except
the evaporation portion 320 of the inner surface 364 of the bottom plate
member 361. Specifically, a not-shown catalyst layer is formed on the
inner surface 5 364, and the hydrophobic nanomaterial is densely formed
on the catalyst layer. The nanomaterial can be formed on the catalyst
layer t)r}{a%@%g"@t%yPnar meecrﬁ})ac!l ConDabHEn%te:Igmlteaefitok}hfia:bqvgs' enabled.
Alternatively, a nanomaterial layer may be formed on i0 the entira area o
the inner surfazeB6%; the eVapbration Yortibe 320spaybesformed dria, 210,
predetgrmined area, and another,area may he formed.as the hydrophobic
flow path member 341. Next, predetermined areas of the hydrophobic
flow 15 PEfT Aiethber-34 f ve dabjeeted 46 iaiiophitie protessing to

sform the,Bydraphilic:partions 345, The.Rydrophilic. processipg.may he for, ¢

example nitric acid processing for generating a carboxyl group or o
ultravidiBEradiatior: pefbeimeadh the ndasmateridl YayersThe Rydrophilieid
20 portions 345-ale lingarfarned, Theydrephilic portions SA3 mayde : or -y

plane formed by patterning or by a groove processing. After the formation
of the Rydrophobiciow path SHErREer3#t of the frner durface 364 f e

bottomxplate. 25 member,361 anskthe-formation of the hydrophilic portions
345 on the hydrophobic flow path member 341, the heat spreader 310
may be manufadtiFEd with the fanttaciriig “metiod of Step 102 to Step

104 of Fig. 6.:Aecordingito thecheatspreader manufacturinggnethask Bo-ef pc
this embodiment, the rg/d,ropgyjigaporyons 345 are formed b)é the groove

pmmes%ﬁmfgrgi%%ﬁgn%ﬁa. ratus including the heat spreader 10.
In a case 81 of a PC 80, a circuilt becard 82 is provided,
and a CPU 83 for example is mounted on the c¢ircuit board
5 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.
In 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 & center portion of the main plate

member 161 of the heat spreader 110.

25 In the example of the figure, the heat spreader 10

is arranged substantially vertically. Although not 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

30 substantially horizentally, and the heat source may be

thermally ccnnected to approximately at the center

pertion of the bottom surface of the heat spreader 210,
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Accordingly, the minute structure can be formed and the 35 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 5 fundamental
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 force by making the

liquid flow paths=hydrophilice 10 Example of ¢lectric mpparatssh Fig.ribeist ion
a pers i iewv; ing.a desktop F lectronic. ratus
moluding e hoat Spfcader 10. 1n o coa T af X e B0 s tbo” =
82 is pievideds anecd CPia 88dfae examplelisaiourted on the circuit board

15 82. The CRLL 83 as.a heat squrcg s thermally,connected. with the heat .

spreader 10, and the heat spreader 10 is thermally connected with a

not-sh&\Wh hezt Sink. 1R'the eXample of the figuid:ehelcPy 83 The heat
connecigdda & lower portien pf the main plate.memberHl 20 %%@éé%&tiamy

spreader 10 in the vertical direction, Although not shown, in the case o
using thehet Spreadef LL0SHEEPY 83 mEY helthetmafy tohfsétetp reader

substantially:at agenter-pertion of the mainplate memberdfdLofdbe heattion
spreader 110. 25 In the example of the figure, the heat spreader 10 is

arrang885ubstritiay erticdR ARROUgh it Shown, the heat spreader

may be arranged substantiadly: herineatallypbnethisease, the-healn the side
spreader 210, 310. may be used. The heat s%reader 210, 3110 may be
arrangéd 30 Slistantialfy RSfzSHtally Sant the RB&FENFtemdy bet? 0 the

plan view are rectangular. Howsver, the shape in the
side view or in the plan view may be circular,
ellipsoidal, peolygenal, 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 hydrophobic flow path
member 41, 141, 2431, or 341, the hydrophilic flow path
member 143, or the hydrophilic portions 345 may be
arbitrarily changed.

As an electronic apparatus, a desktop PC of Fig. 15
1s exemplarily shown. However, not limited to the abovs,
as an electronic apparatus, a PDA (Persocnal Digital
Assistance}, an electronic dicticnary, a camera, a
display apparatus, an audio/visual apparatus, a projector,
a mobile phone, a game apparatus, a car navigation
apparatus, a robot apparatus, a laser generation
apparatus, or another electronig appliance may be
emploved.

The present application contains subject matter

related to that disclosed in Japanese Priority Patent

37



thermally connected to approximately at the center portion of the bottom
surface of the heat spreader 210, 36 310. The embodiments according to
the present invention are not limited to the embodiments described
above, and various modifications are conceivable. 5 For example, the
heat spreader 10, 110 is arranged vertically, but not limited to the above.
The h%‘g spreader, 10 %190'8@?@@g@”%‘iQ!&e%r%@%ﬁ”t'aﬁypatent
horizon aﬁy or exampfe, or may include a heat spreader m&gamg an
evaporafidhqsortionfantlia cohtleng@portionel Gwhicte arsapartifran edchch is
other. The pfn%fot?ﬁo@%?ctescﬁ’r% der.1Q, 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 circular,
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 hydrophobic flow path
member 41, 141, 241, or 341, the hydrophilic flow path 20 member 143,
or the hydrophilic portions 345 may be arbitrarily changed. As 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, a projector, a mobile
phone, a game apparatus, a car navigation apparatus, a robot apparatus,
a laser generation apparatus, or another electronic appliance may be
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30 employed. The present application contains subject matter related to
that disclosed in Japanese Priority Patent 37 Application JP 2008-206562
filed in the japan Patent Office on August Il, 2008, the entire content of
which is hereby incorporated by reference. 38 Claims: 1. A heat
spreader, comprising: an evaporation portion arranged in a first position;

a first denger portion arranged in a second 5 position, the second
position being one of higher than and apart from the first position; a
working fluid évaperatimgrframea liquidnghaseitoca gas phase in the

evaporation pagfgti%g,,a%%(} é:gndensigg from the t%as hase to the li
[

id
. . ) tion:
hase in the first contenser 10 portion: and a first 8wl€atﬁ n%ag%f%omtmn
p

nanomaterial zhdvingt hydroptobicityrorr aisurface; andscausing thee cond
sworking f igf&‘l‘ge@égdst%gﬁéiqﬂhds@ﬁ%%irb@k%%r%n%oncgfnélerﬁgg'qﬁan

to flow to the evaporation portion. “15 2. The heat spreader according to

claim ERdrtAeR Eomiprisingha sétsrd copdenserportion arranged in a
third posmonaﬂ%%yﬁﬁ%BO§@QEA“%%%§®?égﬂggeEygﬁ1Qngia%ﬂyaghase to a

from the first position, and enabling the workingfluid to condense from the
gas phasé t6#he fighrd phase v aRa e2SdcohdPficivipdth made epadensing from

nanomeajgrialzhavings Bydrophilicity on,a surface. and caysing the. working . -
10 portion; and
a first flow path made of & nanomaterial, having
hydrophobicity on a surface, and causing the working
fluid condensed to the liguid phase in the first

condenser portion to flow to the evaporation portion.

2. The hesat spreader according to claim 1, further
comprising:
a second condenser portion arrangsd in a third
pogition, 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 ligquid phase;
and
a second flow path made of a nanomaterial, having
hydrophilicity 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.

3. The heat spreader according te 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
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25 fluid condensed to the liquid phase in the second condenser portion to
flow to the evaporation portion. 3. 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 39 inclinatorily. 5. The heat spreader according to any one of
the prg%(acangé:{aoiml 5 wherein the first flow path includes a hydrophilic
portion in a diréction toward the evaporation portion. 6. An electronic
apparatus, comprising: a heat source; and 10 a heat spreader thermally
connegled to fhe Neal souree. the heal spreadsr ingluding an.evapqration
portion arranged in a first position, a first condenser portion arranged in a
secondpesitionnthecdecard position being one of higher than and apart
sfrom the 15 figst position, . wetking flpid,evaparating from a liquid, phase ; ; ;
to a gas phase in the evaporation portion, and condensing from the gas
phase R tie iquidphasélinafeifirst condensehportionpandta first flow: ion .
path made of a nanomaterial, having hydrophobicity on a surface, and 20
causing the working fluid condensed to the liquid phase in the first
conder%éer patfioft {6 bR b thedd\iaporation porlibr1?iAdeat spreader
manufacturing megthod; gomprising; 425 arranging an evaporation zone in
a first position and a first condenser zone in a second position, the

10second positidnibeiiy BRESGTHighet thaffand apapttfoed 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

i5 first position, a working fluid svaporating from a liguid
phase tc a gas phase in the evaporation portion, and
condensing from the gas phase to the liquid phase in the
first condenser portion, and a first flow path made of a
nanomaterial, having hydrophobicity on a surface, and

20 causing the working fluid condensed to the liguid phase

in the first condenser portion to flow to the evaporation

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

and a first condenser zone in a sscond position, the
second positicn being one of higher than and apar:t from
the first position; and

forming a first nanomaterial layer having
30 hydrophobicity on a surface, between the evaporation zone

and the first condenser zone.

40



the first position; and forming a first nanomaterial layer having 30
hydrophobicity on a surface, between the evaporation zone and the first
condenser zone. 40 8. The heat spreader manufacturing method
according to claim 7, further comprising: arranging a second condenser
zone in a third 5 position, 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 eond@hsertzore. kr9aThe heatspredder:manufaciadng arsthddng to
according, to, o;a}irrkggh% J_,}NQ%I’I%I}E@%H%S; nanomaterial layer is formed
vertically. 15 10. The heat spreader manufacturing method according to
claim 7, 8 or 91 wheggindhe firstoraomatahiat fayerdsfermed anthdatorily.

520 A heatspreader manufaetiing method, campusing:. fQUMING, 00 3pan ang

10

-
(82}

20

25

30

substrate having an evaporation area, a nanomaterial layer having
hydrophebicityldi?a stitfacet *&id RBFofhiiy, offthe nanomaterial layer, a

hydrophilic area-in adirectionfoward the evaporation.aea. 12, The heat
spreader manufacturing method according to claim 11,

hydrophlilicity on a surface, between the evaporation zone

and the second condenser zone.

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

vertically.

10. The heat spreader manufacturing method according to
claim 7, 8 or 9,

wherein the first nanomaterial laver is formed
inclinatorily.
1i. A heat spreader manufacturing method, comprising:

forming, on a substrate having an evaporation area,
a nancmaterial layer having hydrophebilcity on a surface;
and

forming, on the nanomateriazl layer, a hydrophilic

area 1in a direction toward the evapcraticn area.

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

processing.



30 wherein the hydrophilic area is formed by a groove processing. 41 13.
The heat spreader manufacturing method according to claim 11 or 12,
wherein the hydrophilic area is formed by patterning. 42

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

wherein the hydrophilic area is formed by patterning.
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