HEAT SPREADER, ELECTRONIC APPARATUS, AND HEAT
SPREADER MANUFACTURING METHOD Background of the
invention Field of the Invention The present invention relates to a ceder
thermally connected to a heat source of an electronic apparatus, an
electronic apparatus including the heat spreader, and a heat spreader
manufacturing method_ 102.Description of the Related Art In the past,

a heat spreggler m@gé?e&%mgeiggm%gon%gﬁt%f bedtapmr

source of an electronic apparatus, such as a CPU (Central Processing
Unit) of a PC (Personal ComputéF & absah alid ‘@iHise 15heat of the
heat source. As the heat spreader, a solid- type metal heat spreader
made of for example a copper g}lfatg is known, and a phase-transition-type
heat spreader including an evaporation pdttion and-a Wotkirig fluid has
been propesed féeéntly:t tHa thevphasestranslation-type heat spreader,

the working fluidevaporatesin,the_evapgration portion that feceives heat
from a heat source, and the evaporatec wofk"ingﬁ‘(lawd condenses and -~ ¢

flows in a-fiGwFdthtoTetirriocthe-evapbrationsportion. BY repeatingtthenic

25above gpesationsthesheat atthe heat source.is diffysed (366, J0L 1. neatr

example,qLTJQiat__edQSiates Patent Application Publication No. 2007/0158052;

paragraph'0032.Fig. 4" Hefeinafter Tefetied to 48 PHieht Botumémh M

aheat spreadepbotPatentibocumeritd , feeWickais provided to a 30flow

paﬁha”da~“K%Q”QQB”9§QPFQQ%%%9”§5%%%%%& has been used as a
device thermally connected to a heat source of an
electronic apparatus, such as a CPU (Central FProcessing
Unit} of a PC [Personal Computer), to absorb and diffuss

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

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

z25 above operation, the heat of the heat source is diffused

{see, for example, United States Patent Application

Publication No. 2007/0158052; paragraph 0032, Fig. 4,
hereinafter referred to as Patent Document 1). In a heat
spreader of Patent Document 1, a wick is provided to a
30 flow path, and a working fluld condensed on an upper
surface flows to a lower surface (evaporation portion)

with a capillary force.



surface flows to a lower surface (evaporation portion) with a capillary
force. Summary of the Invention An electronic apparatus mounted
with such a heat spreader is required to improve a heat density and
required to be downsized. Generally, in view of a higher heat density, a
wick surface provided to a flow path from a_condenser portion to an
evaporation portion is SUBJBEted 6% iytropMi€ processing to improve a
capillary:forcecwhich-may, hewever tesulhin:a biased.distributionrof the neat
working fluid. Further, in view of downsizing, the flow path is required to
%ﬁé\g&ﬁer,%icﬁﬁ%‘%"ﬁg%evéﬁ result’ O%einc?eas?é%dﬁow Spctty  end
resistance. Accardinglyythe supply amount of the, workingiflsid torthe higher
evaporation portion is decreased, resulting in dryout In view of the
FHveRartoned drolietarcss. 196 desirable b provicd o e dpreatier O
xapahledfimprovingdftowt efficieney of aworkingdfluicifronra candensern:  is
%)qgti%ré 1Eoe:(;j\in e %poratior%l ar];[ion aﬂq an elecc'grcoenéc;S apparatus incilz%dijr:‘gve
€ heat spreader. It'is further desifablé to provide 4 heat spreager
manufaetuying method thiat ehabley easiermarufacturssand highera biased
Jeliaiiy,, . . In 8 firstaspect of e invention, therg,jg prpvided a gt ., ¢
spreader, comprising: an evaporation portion arranged In a first position; a
Jirst'condenser portion afrangethin a sesond9position; thé sedond pasitiochver,
Jheing, one of higher. than and apart from the first pasition: aswarking fluid o,
evaporating from a liquid phase to a gas phase in the evaporation portion,
gl ordepsing from H#9e §as phage to thediquithplvdse indRefirst ©f the
scondenser portion; and afiyst flow.path.made, of a pangmaterial, having . s o4,
hydrophobicity on a surface, and causing the working fluid condensed to
tRé figlif shase i ¥hée fifst condenser portion to flow to the evaporation
portion., -Acserdiag i0,an embodiment of e presentinyentign, there is. |
rovided a heat spreader including an evaporation portion, a first )
O&ﬁﬁéﬁ?é@p&ﬁoﬁ,@%bﬁﬁn@flﬁiﬁ‘?‘én@%}ﬁﬁ‘%ﬁﬁv patR2ThE eVapdraliery v:nd
fostion dsrarranged-ip adirst position: ihefirsteondenser portion iscondenser
arranged in a second position, the second position being one of ggher

RR&R BN apdtt frdth tHe e pasitish. THE Workifg fluit*evaporatésfrom e+ ©
disiid-phase to.a yas phase ir:-the-evaposationipartion, and condenses

from the gas phase to the liguid phase in_the first condenser portion. The

first flowy path is thatBof a Hanohfitertal, Has Ryarophobicity 6ita siface: © <"
rand.causes:the yorking fluid condensed:todhe kguid phaseimthe fitstre and
_condenser qqrgi%n io Elow to the evaporation 5portion  According to the
‘embGdiment of the 6re¥ént invention, a heat source is thermally

connected te the evaporation portiony And @liguidiphasecworking fliidre  is
evaporates tQ a gas %hase in thg evaporatircr)ln partion. Thea }gas-é)hase

e

PIGworking fliid condenses to the Tigid gﬁas%riﬁstﬁg(ﬁrzst vaporation

portion arranged in a first position; a first condenser

=1

portion arranged in a second position, the second
position being one of higher than and apart from the
first positiocn; a working fluid evaporating from a ligquid
phase to a gas phase 1in the evaporaticn portion, and
condensing from the gas phase to the liguid phase in the
first condenser porticn; and a first flow path made of =

nancmaterial, having hydrephobicity on a surface, and



condenser portion arranged in the higher position than the evaporation
portion. The liquid-phase working fluid flows in the first flow path to return

to the evaporation portion. The above phase transition is repeated. 15The
first flow path causes the working fluid to flow from the first condenser

portion to the evaporation portion arranged lower than the first condenser

‘Botfion Heré Ssintethe fitst flow patas Rydiophobicity'n the Stirficed25°

flow:path resistanee caahekeptlowercin 20adgition, sincettbe st flowat ion
path is made of the nanomaterial enabling a higher hydrophobicity, the

Hiot path-resistance can be kept further lower. Accordingly, flow efficiency

of the werking fluigl frem dhe firsb candenser partiondo the: evaporatioention,
ortion can be 25impr9vgc(ij. The Qeattspreader of this embod'm%nt may
Urthér include aps‘%%gﬁai%ondeﬁser b(e)ﬁion and a‘second flowgatth Thé 2"

ssecond condenses poition isarranged ina:thirdh positipn,ithé ¢hird positiarking

eing,one of lower than and 30apart from first position, and enables :

T DR ML Cotenas Fof e gas st TS me Il phoce.TRg =

ssecond4dlow path is maderofta napomaterial, has Kydrophilicity oncaondenser

Surtace, and.causes the working fluid condensed o the quid phage inthe ..,
second condenser portion to flow t0 the evaporation portion.”According to

rthe ‘embodinient of the preserit inbentior, Sihladditiemtd theeirdulafionin the

the gvaporatign;portion, the, first. condenser partion, and the fitst flow pathy,,
as described above, the working fluid circulates as follows. That is, the

lweitkirg fleficevaperatéd todhe §as phaselin theevdporationpértiopertion,

a%%@ﬁ%%%%@@ liguid phase gas phase To the liguld phase in

2a
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10in the second condenser portion arranged lower than the evaporation
portion. The liquid-phase working fluid flows in the second flow path to
return to the evaporation portion. The above phase transition is repeated.
15The second flow path causes the working fluid to flow from the second

1oendenser-portion e the-eyaperation portian arangedrhighepthan the made
second condenser portion. The second flow path is made of the
HardnitBfiareabling a Higher Aytirepheity: Here Sinde e décohd =nd

20flow-pathhas hydrophilicity;on the.surface,; the-werking fluid permeates
the second flow path. An extremely minute surface structure of a
‘HehohidtefialProftes thedfioW ePthepermeated Workifig P Bya t1on
Jroviding both the second flow path and the first flow path, the working
“25fluid is separated and the flow efficiency to the evaporation portion can

be infprovedlindhé heat:spreaderascorting to the embodiméntiofthet ion,

é?fﬁ.%%ﬂé invention, the first flow path may he artanged vertically or ¢ ; o,

inclinatorily. 30According to the embodiment of the present invention, in a
wask of mrrangingethé ffigstiflovy patrevertically, thel flow of theaworkiti fluide &

from the first con%%nservgortlon to the eva%oratlontgr%%on can bgarg%re

ge%fslcigﬁt?ys Serjfgrmede. In & case o la?Far%?r?g the first flow pgaafﬁ Tr?cfinatorily,

wiois lpiossibl.e1to provide arplamalitycoftfirst flow pathscéridsa pluralitysof fifsts t
congengerrportlogs corres or}ldln%thie{e%ghgg, Epgljlo%%f{l iency o#‘“tﬂrll,le

COndaer - OrT 301, arra ) 3
working fiuid from the first condenser portions {0 the evaporation portions

an hermpprovedon portion. The liguid-phase working fluid
flows in the first flow path to return to the evaporation
portion. The above phase transition is repeated.

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

The heat spreader of this embodiment may further
include a second condenser portion and a second flow path.

The second condenser portion is arranged in a Third
position, the third position being one of lower than and
apart from the first poesition, and enables the working
fluid to condense from tThe gas phase to the liguid phase.

The second flow path is made of a nanomaterial, has
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In the heat spreader according to the embodiment of the present
invention, the first flow path may include a hydrophilic portion in a direction
toward the evaporation portion. According to the embodimentof the
present invention, the first flOw path having hydrophobicity on the surface

Hoeludes ahydrephilic partion Fhe dirstflow pathscauses theyworking floid.id
to flow from the first condenser portion to the evaporation portion with the
IneReptcicifOthersof ahdthe Hydrsphilidity 'SFEhe Ry QrOphiTic BorisiT
Jn-A.second aspect ot the,invention, thereis proyided ap electronic

apparatus, comprising: a heat source; and a heat spreader thermall

y ..
connbeted o ithe hieat sbGrcemprecidrtsprédderifclbding Hntevapbration® ™ -
portion.aranged in a first position.. a firgt candensecportion arrangeddn a: on,

second position, the second position being one of higher than and apart
from fhie first position se warking fluid evaporatify FdiPA ligdid-piade o
c?eascprh%?e%g“ the eyaporation portion, apd copdensing frar the, gas phase s .
6 the ﬁqw p‘ihase i the first condenser portion, and a first flow path
madé of a nariomateriali havifig hydrophobicitytoria sarfade abcalsiTg
the working fluid condensed to the liqui inthe first condenset.;
Jprzjrt*\flglnetoef oW to ﬁ%elg\llla o?gélegnogor%t%%{)&?gggcording to an gn%bod%ﬁ?nsfe
of thepresent inventionithererisiprovided anrelectyonic apparmtigan the

including a, heat source and g, heat spreader.The heat der.is, .
?W@Wﬁ%tﬁo%e%féﬁtt%%é hquf%o%%c%%ﬁe heat gpr"é% er:[ %%h%}é% P
evaperationiostien; ecfirst candenset portion; atwarkingefldideand a first
flow path.The evaporation portion isbarran eﬁl in a fjtrsgi %%gité%n.'rghg girst
CBAGBASer POHIGH s arrariged ih-a $828Rd Position, the second position
beingene;of higher than and apart from the first position. The working

fluid evaporates from a_liquid phase to a gas phase in the evaporation.
portior?f%%d%%ﬂ%ﬂs@ﬁgwpﬁg%a%aﬁ?égs% tﬁiﬁe"ﬁaﬁi lﬁ)}%&eoj’lﬁ ﬁgqﬁ%t

eopdensesportien. dhefirst fhow pathsisrmade of ananematerialyhas rat ion
hydrophobicity on a surface, and causes the working fluid condensed to

B fiduie phase Ry irie firsPEGTdensel pbrtion o N tothe BapoFation” -0

mw&g%econd 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 extremely
minute surface structure of a nanomaterial promotes the
flow of the permeated working fluid. By providing both
the second flow path and the first flow path, the working
fiuid is separated and the flow efficiency to the
evaporation portion can be ilmproved.

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

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

the flow of the working fiuid from the first condenser



In the heat spreader according to the embodiment of the present

invention, a liquid-phase working fluid evaporates to a gas phase in the
evaporation portion. The gas-phase working fluid condenses to the liquid
phase in the first condenser portion arranged in the higher position than

the evaporation portion. The liquid-phase working fluid flows in the first

ot path to feturn td'fhe evaparation poition. ThedEVe pide trahSition™ €
ds repeated.: v Thedirstdiow pathrof thedaeas spreadercausesdhe he first

working fluid to flow from the first condenser portion t Ehe evaporation
Htlon &rahged Toweh Ht thefirst eondefiseP BOoR. Herd, &ind (e 1 2
dirstrflow pathdas hydrophahicity onsthessurace, a flpw path resistance first
can pe kept lower. In addition,rsince thcﬁ first g%wpath ism %e of th%‘h £1
Cn%rho?ﬁlastgﬁalpeonraﬂiﬁa 2 hcfé}ﬁereﬁs)pdcr)gp loq:ﬁcity‘, %eeﬁc?w pat resistance o
ccahibe keptfurthierlowers Aceandinglyl flow efficiencyraf thie wetkingofluidnser
from the first ondenser portion to the eyaporation portion can be. . . 4
p|mpr6véds. Ai":cord?ng {o the embodirment of the present invention: since
the heatsduree Issthermsallseeohmectedtothe heattspredder, heheanent of
.Spreader can diffuse the .heat of ur fficiently. In & third. ,
ngbe%t%gtﬁg%nviéﬁﬁgngﬁﬁﬁ isf[élggv?éee% gghegt%sga{egﬁr}{ménﬁu%&é%h%de 8
method) cérmprisingtaranging an@vaporation zongdn d firstposition@ndt 1 on
first condenser zone in a second position, the second position being one

of higher than and apart from the first position; and forming a first
nanoniatéfalager havifig hydfSpholsigipen asstiFface®betwédeitthe present
8VApoation zong and the first-gondenser zope. ; n ACCAINGIOAN ity on
embodiment of the present invention, there is prowded a heat spreader

Yhanutactinfg metHod  The héat Spfeater marfufaeftifinghethod ihcludes st
farRnging an eyaparation zone in.afisstpositionandsa. dirst copdenser rirst
zone in a second position, the second position being one of higher than

AP EPAE front e first posttiort; hd forrtic & fitsthardonratefial lagern  the
rhaving hydrophebicity ea-a-surface; hetween the evaperation-zeng and  the

ythe first condenser zone.  According to the embodiment of the present
BHd&ton: tHe fikst hanSmaterial layer having hydrophobicity on the surface
is formed toform-a-flow path ferdhe workingifluid framsthe fisst,condenser is
zone tQ the evapo%tion zone, which enables easier manufacture, higher

PIGHIalSity, 8Rd IoWET CIsté! The At spreatier maNUECtuANg Hiethdd <"
saccorging tarthe embedimentofdhe presentinvernition maynfustheeinclude the

arranging a second condenser zone in a third position, the third position__ .
g S 51 Bivet ian 3002 SADAE AR the ek fbltn Snd Tarming 2t o
rseconhdranomaterial layer havihgtydraphiicity on,a surfécde; detweernithescr

p%vra,Poratlonazppenanmddthe second condenser zane, A%E%fg',ng tothe .4

embodiment 6fﬁ1egpcresent invention, PUss
position being one of higher than and apart from the
Lirst posgsition, a working fluid evaporating from a liguid
phase to a gas phase in the evaporation porticn, and
condensing from the gas phase to the liguid phase in the
first condenser portion, and a first flow path made of a

nanomaterial, having hydrophekbicity on & surface, and

causing the working fluid condensed to the liguid phase



20the second nanomaterial layer having hydrophilicity on the surface is
formed to form a flow path for the working fluid from the second

condenser zone to the evaporation zone, which enables easier

manufacture, higher reliability, and lower costs. 25In the heat spreader
manufacturing method according to the embodiment of the present ‘
ifventiBn thedirstiriHormatefaltaydrimay be férnét véttically ivaperation
daghnatorily. According to the embodiment of the present invention, 30in a
case of arranging the first nanomaterial layer vertically, there can be .
providé&%%gﬁ&f&ctﬁﬂna%&ﬂé?&%%{%%“ﬁea?%pFéh%eP fewhich the ok -dror
the working fluid-frome the first condensernzene i@ the-evaporaiien zeneng  a
.can be more efficiently performed. In a case of arranging the first .
'Hahbmatetiaf fayér tn.cinatsry, itis possible to p%@%e* Colbrafil Giirss o
napomateral layers and«<dplurality effirst condenser-zones.correspandingeat
thereto Thus,.ther]e can be provided a. manéj_facturin mgthod of the hegt <t
Ss%%é’)aafeerrin which e fidw e?fféien(‘:‘yy of" %rawér?(rllng ff%?f fom the first ' '°
wondensernzones-toithe evaporatiork zorme cahbelimproved. a  dhmsst flow
fourth aspect of the invention, there is pravided a heat spreader, =~ .. _
L actugtig MOt LowAbinG Toan, orta Sst A Ravidy ey £1ret
evaporation aredl; a nanomateriahlayershaving hydrophobicityroreaged in a
sié‘éféﬁﬁi ?!‘oqsf%%?% o the nanomaterial layer, a hydtophilic arealn g ; ..,

irection toward the evaporation area. According to an embodiment o

the present inveation, theratis providéd ateatespréadermanufabiringorking
dmethad ineluding foreing, o a subsitale haying &0 evapolaionared: &
nanomaterial layer having hydrophobicity on a surface, and forming, on

thé nareiraterial fayer,a hydrophifie arewitce dRéctiontoWakd thegas phase
eyapgation area, »Accordingtgthe-embodiment.of the present o, Tne
invention, the hydrophilic area is formed on the nanomaterial layer having
TyeFopHobieity ot thelsursitedo $6rm? afiomPpatherdi-ther wbiking fluid to

the evaporation area, which enables easier manufacture, higher reliability,
and lower costs. In the heat spreader manufacturing method

according to the embodiment of 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.

5a



According to the heat spreader of the embodiment of the present
invention, the flow efficiency of the working fluid from the condenser
portion to the evaporation portion can be improved. According to
embodiments of the heat spreader manufacturing method of the present
invention, easier manufacture and higher reliability are enabled. These

"GPP Bspedty, feRtufes Bnd AdVantages GFtha predettt iftehtion ilf - 414

Jecome more@ppargst inlight of the fellowing detaitled deseription-efrbstser
mode embodiments thereaf, as illustrated in the accompanying drawings.

B BEscription Of Drawings ©VRig 1 is 8 platview ot a heat spreader
according tna first embegdineant-of the-presentifventionhEigeisa sigent of
view of the heat spreader of Fig. 1; Fig. 3.is a front view of the heat _ .

hteaddrGIE. 1. Y BiY: 48 a lofgituthal Sectiotl view of the heat ~ - "4

espreader; seentdfromatheyA=A line=ofd-igi 2; thEig.isasehematicportion.
diagram showing an operatior of the heat spreader of Fig, 1; . . Fig. 6 is,

T?fﬁoﬁgﬁér?%ﬁosv%in"éoaljzr?{nlarrll%f;}c?u“h“n% r%%ﬁﬁo ‘ot the ggatgshpeﬁeal&eci%‘f ig, 25¢

ity thiigst Vrare schematicsdiagrams showing inrseggehce an infeetioni gher

D WL P e e ke T
wmegemgv&ﬁ@hg flows in the first flow path to return to
the evaporation portion. The above phase transiticn 1is
repeated.

The first flow path of the heat spreader causes the
working fluid to flow from the first condenser portion to
the evaporation portion arranged lower than the first
condenser portion. Here, since the first flow path has
hydrophobicity on the surface, a flow path resistance can
be kept lower. In addition, since the first flow path is
made of the nanomaterial enabling a higher
hydrophobicity, the flow path resistance can be kept
further lower. Accordingly, flow efficiency of the
working fluid from the Zirst condenser portion to the
evaporation porition can be improved.

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

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

the second position being one of higher than and apart



Fig. 9 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. 11 is a longitudinal sectional

view of the heat spreader, seen from the B-B line of Fig. 10; Fig. 12 is a

plan view of a heat spreader according to a fourth embodiment of the .
iprederitisventibfi L 5FiIgS 13 18 loryitidifal ectidbnal viewdf thethegpterial
‘spreader, seen fromfhe Csedineafijg. 42; Fig. 14isq sectional vieweaf 1.
the heat spreader, seen from the D-D line of Fig. 13; and Fig. 15 is a
PeErEpEctive e ShBwitiy a tesktop PC 1038 an‘Eledratiic apparatus
includingthe heatspreader acoordingde one of the-embadiments afthet i on,
present invention. ~  Description of Preferred Embodiments Hereinafter,
%Fﬁﬁ&dirﬁént?é@fﬁ"edﬁt‘éséht Fh%}itio?preader manufacturing methed.

The heat spreader manufacturing method includes arranging

eat

an evaporation zone 1in a first position and a first

condenser zone in a second position, the second position

oa
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Fig. 1 is a plan view of a heat spreader according to a first embodiment of
the present invention. Fig. 2 20is a side view of the heat spreader of Fig.
1. Fig. 3 is a front view of the heat spreader of Fig. 1. Fig. 4 is a
longitudinal sectional view of the heat spreader, seen from the A-A line of

92 Asshowniin Eigs, 1+4, aheat spreader 10.ingludes ag2sthin
rectangular case 60. The case 60 includes therein an evaporation portion
2205 Btliefeiid ﬂé@cbafw Aqmr%t flowpathy), Y HovE pathl50,affdrahaving
irondepser portion 30 (ficst condenser pottion) . The case 6o fudther; o, o nc
includes a refrigerant (not shown) (working fluid), 30sealed therein. The
dieid-flew patrs 40 anddhe gas floarygath 50 are provided between the

10 il 0 G o palh B0 S7C o ket ot (e Toaerant botweer e
wondensercportionB0andithe evaperationvportiom20rophobicity on the
surface is formed to form a flow path for the working
fluid from the first ccndenser zone to the evaporation
zone, which enables easier manufacture, higher
reliability, and lower costs.

The heat spreader manufacturing method according to
the embodiment of the present invention may further
include arranging a second condenser zone in a third
position, the third position being one of lower than and
apart from the first pesition, and forming a second
nanomaterial layer having hydrophilicity on a surface,
between the evaporation zone and the second condanser
zone.,

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

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

According to the embodiment of the present invention,
in a case of arranging the first nanomaterial lavyer
vertically, there can be provided a manufacturing method

of the heat spreader in which the flow of the working



5The condenser portion 30 is arranged at a position higher than the
evaporation portion 20. Specifically, the condenser portion 30 is arranged
above the evaporation portion 20 in the vertical direction, with the liquid
flow path 40 and the gas flow path 50 arranged 10therebetween. In short,
from the above, the condenser portion 30, the liquid flow path 40 and the

fyas bwigatR 5. Hhd the 8vapofatior poition s are ‘afranded veVieamy a1 or

thisordern pe molBe caseiGl:ivghudes rectangutardnain platea case of
members 1561 and side plate members 62, The liquid flow path 40 is

Fhade ot ahydrophobic flow paitiy fenerat (ifst hanomatetiafiayén Y, 1+
iEhehyesophaebic ow pathimember-4l issformed ararr approximatelyaterial
center portion in the vertical direction of 20an inner surface 64 of one main
HidteTHiembe61. The ﬁ%?&&%db}é/ flow’path riehiter 41 FACSE Hother ~°7€°
deainplatermemberdGilcviaithe innerspace of the-ease £0. The sutface akd a
the h droifhoblc flog\{y Q%H’J] member 41 malnlytfunctlons as the gqU|q]go

?‘q“pa“a’ﬁ‘i'l “Edrther’ théeiﬁnerdZS%aciéhrﬁain §7’ functions as trie gés flow p%l the
B0 Howeversthenftow paths carmoterdivided dieéarlyd Actualty, théne first
iguig-phase refrigerant (hereinafter feferred to s liquid refrigerany. may.
fow in the inAer space, and the gas-pﬁas“e rer}riger”ant &erel"nafté”r' e]ferre"g'
to as gas 3Grefrigerant) maysfieww bn thé sutface of thiechydrophobic flowe  1s

Jath member 41. The evaporation partion 20 i thermally gonnected 1o ¢ o,

comprising: forming, on a substrate having an evapcration
arga, a nancmaterial layer having hydrophobicity on a
surface; and forming, on the nanomaterial layer, a
hydrophilic area 1In a direction toward the evaporation
area.

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

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

In the heat spreader manufacturing method acceording

to  the embodiment o©f the present invention, the



with a heat source 70 via the main plate member 61. The phrase thermally
connected means, in addition to direct connection, connection via a

thermal conductor, for example. The heat source 70 is, for example, an
5electronic component such as a CPU, a resistance, or another device

that generates heat. ~ The heat spreader 10 of this embodiment is 30-50
‘mieRgthi(ey oft €agh Bije 4l 25 FiRdvibth (@), F6Pexamplé OFRe Reat OF
ispreader 10-hawing such a size is for a CPU of 10a PC as the heat source

70, thermally connected to the heat spreader 10. The size of the heat
spread&érA0-maybe défined in"accord3REE WitR e siZe’of theHeat Present
soukee: 10-Forexamplerrip@agasewheretheheatsouree fOdhermally s roove
connected to the heat spreader 10 is a heat 15source of a large-sized .
RSPy or tHe IIKE. the’ lengtF & iy bE Set t0'aB6Ut 26007RNT: Thesizd of Ut
dhe heatispreader 40 isdefinedisuchithat the refrigerant can flow and
condense appropriately. In addition, the shape of the hegt spre%de 10 is -
ot limitd {6 18 Fectanguli 20SAape-4S SROGM irfthis Sifbodiment TH: ©°
aperatingstemperature rarnge of-the heat spreadter: 16:is foreexample w40 king
degrees to +200 degrees, approximately. The endothermic density of the

heat spreader 10 is for example 8 W/mm2 or lower. 25The hydrophobic

flow path member 41 is made of a hydrophobic nanomaterial. The
hydrophobic nanomaterial is for example, carbon nanotube, but not limited

to the above. The hydrophobic flow path member 41 has hydrophobicity at
least on the surface. In other words,

8a



30the entire hydrophobic flow path member 41 may have hydrophobicity
or the surface thereof may be subjected to a hydrophobic processing.
The thickness t of the hydrophobic flow path member 41 is for example
100 nm to 100 pm. In a case where carbon nanotube is used as the
nanomaterial, the length of the carbon nanotube is set to 100 nm to 100

P GOk in dider for BAEISGriderBfantiry) the-Scalé tatio GF RO ™10
hydraphobic flow path.member 41 with respect to the case 60 is made

larger than the actual configuration, In addition to the hydrophobic flow
path Member 419 0the evapBraionoHicn 26 may beTormedof a SF - e2der

hanemateriali The nanomamedal has.a nanostrueture pmitbe sueface, s@sier
compared to a casgtwhere the evzporation portion 20 is for;m%d of a metal

PRgteriarorthe IRB the'$liHate ared thereof ihciases A thus the

evaporation:l5efficiency émproves.cthe carban nanetubehasdvantages of

tgg{roxmate% 10 tlmesth_lggervgqﬁr[nakl) conductance than copper, a {@ltﬂght

abmatenal of ‘4 metal héat spreadergf(fgrw ieexarrnnop‘lé)’. ﬁc%%‘?cﬁr?g‘ly, in‘a

«case where thel évaporgtiomiparioh<20 isarade-ofocarbon namotubesan mode
@%Qggggrrpeegxisrnpif_%veed e\/fapo%aéioni?‘{igienc {segbtained ompared to an

re . TT Tn Lhe CEOMDAarlyin
evaporation portion made of & metal material such as copper. ?’ﬁus, e 1Y

daveporation portion 20 can be made smaller. The condenser portion 30

may also be made gf @ @gngg@%@@&%‘ﬁ%&m&@% E{E@de of a metal
material. The metatmateriat s forexample; copper; staintess steel, or

alur.r1in’i‘m§2§,.-buiL notdimited 1@ thevabove oOther than thesmetal dg materiat rding
shaving-a high thermal conductance, such.as.carbon may.he gmployed. Al

of the main plate members
Fig. Z is a side view of the heat spreader of [Fig.

1;

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

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

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

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

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

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

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

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

to a third embodiment of the present invention;



10

15

20

25

30

3061 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 of the same material. The main plate members 61

and the side plate members 62 may be bonded by brazing, that is,
welde_@?@_jr_m@y r?ﬁsbwdﬂﬁn\tyiﬂtaﬂjadilesisyemateﬁaﬂdenmdingfomIhae heat
materials. 5As the refrigerant, pure water, alcohol such as ethanol,
FREBAABE or TSPtopyi AcdHt, chldrofludrocarbon. @ - ik
hydroghgroflugrocarhon, fluering camatonia, :asetone, ok thislikeamay béing
used, but not limited to the above. Meanwhile, in view of latent heat 10or

TreSerye bF the EBRFEAGTONMéNt PEreWERT K preteiable: (Bperation of

heat S@F’L_Qr?ge{h 1 sThe aperation of the heal spreader iasystouctured heat
above will be described. Fig. 5 is a schematic diagram 15 showing the

wperati: Thestfant Spreadera (Gs Gssamad 36 belafranged! such that the

main plate membecs 61 ageargnaed. foe pxarmplesyerically. sWhea e,
heat source 70 generates heat, the heat is ansferred to the evaporation

portiort 20 i the Mal 20platerhefbér 61 of tid'€ase 60. Then, the
liquid Fig. 15 is a perspective view showing a desktop PC
as an electronic apparatus including the heat spreader
according to one of the embodiments of the present
invention.

Description of Preferred Embodiments

Hereinafter, embodiments of the present invention
will be described with reference to the drawings.

(First embodiment)

(Structure of heat spreader)

Fig. 1 is a plan view of a heat spreader according
to a first embodiment of the present invention. Fig. 2
is a side view of the heat spreader of Fig. 1. Fig. 3 is
a front view of the heat spreader of Fig. 1. Fig. 4 is a
longitudinal sectional view of the heat spreader, seen
from the A-A line of Fig. 2.

As shown in Figs. 1-4, a heat spreader 10 includes a
thin rectangular case 60. The case 60 includes therein
an evaporation portion 20, a liguid flow path 40 {(first
flow path), a gas flow path 50, and a condenser portion
30 (first condenser portion). The case 60 further
includes a refrigerant (not shown) {working fluid),
sealed therein.

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

provided between the condensexr portion 30 and the

10
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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, 25the heat diffuses, and the gas refrigerant condenses in the

gondenser portion 3Q tg be the "%L@epﬁaﬁ%@gomz, Thustheheat s ne

spreader 10 radiates the heat (arrow C). The liquid refrigerant flows in the
tiquid flowpath 40 tobretura t6 tivey evapdratid pottion 26 (ariaw DHn30By

eReaing the 2oy gperation, the. heg! of ghe hgat sourge 0ds difused
%gﬁﬁé@ gattsp%eaéer 1(§. By (E}g)ntro n%g the re%r?gerant flow pgths sugﬁ that
thectigiuid: reffigerant flows in the liquid flow path 40 (arrow D) and that the
gas refrigerant flows in the gas flow path 50 (arrow A) as described ahove
e posdiiie T RE e BT of e o e T rcinodr e S t
gasgrefrigetant. theThe operatiohahzarestdsshé\iin bySthedarfovwes: Altg D
in Fig. 5 are merely rough guide. or. rough standard, and not clearly defined
‘ér}h%e ?ggﬁié%c?i%%%p%%t?ojhcg?z es ﬁway%:eaﬁ%ﬁé{d %%ggr%in%ﬁteo the
amountetheat generadted 10byithe hieat seurce FOlordhedikeion, The th
flow of the liquid refrigerant in the liquid flow path 40 as shown py the

LROW'D Wit Be teltribéd” * Thaniguid feffigerant RswS - theliguid figwd e

path40 Femsthe condensen pertion-3thatargedata highet 15pesiion 4
the evaporation portion 20 arra%%ed at a lower goosition by gravity. Since

B lighuid floW path 0'id Arangbd VEriahy, the IR0 reffgetant ddlow =t
Hothe digyid-flow path-40 efficientlysrtion 20 are arranged

vertically in this order.
The case 60 includes rectangular main plate members
1 and side pla?e membars &2.

The liquid flow path 40 is made of a hydrophobic
flow path member 41 (first nanomaterial layer). The
hydrophobic flow path member 41 is formed at an
approximately center portion in the vertical direction of
an lnner surface ©4 of one main plate member 61. The
hydropheobic flow path member 41 faces another main plate
member 61 via the inner space of the case 60. The
surface of the hydrophobic flow path member 41 mainly
functions as the liquid flcw path 40. Further, the inner
space mainly functions as the gas flow path 50. However,
the flow paths cannot be divided clearly. Actually, the
liguid-phase refrigerant (hereinafter referred to as
liquid refrigerant) may flow in the inner space, and the
gas-phase refrigerant (hereinafter referred to as gas
refrigerant) may flow on the surface of the hydrophobic
flow path member 41.

The evaporation portiocn 20 is thermally connected

11
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The main part of the liquid flow path 40 is the 20surface of the
hydrophobic flow path member 41 having hydrophobicity. Because of the
hydrophobicity, when the liquid refrigerant flows in the liquid flow path 40,
it is possible to keep the contact angle with respect to the hydrophobic
Wflow, path, memberndidlarger. As 4 resultrther2Sflowefficientein the. The
direction of gravity can further be increased. In the case Wher%the .
ohydreEh it T path TRemBEF £ iS"dR of thrson Hanotbe, Since the-
Larhan nangtubehas-a targg hydrophobicityremthesutface cthe litwid
refrigerant can flow in the liquid flow path 3040 from the condenser portion

3P evAPGrali6R hoRIBASTWIth higher etficiEndASH redult,

Sampared.to a.case-of-causing the; hiquidrefrigerant das flewanitea or
capillary force, the biased distribution of the liquid refrigerant can be made
ssmalierantetheciow: bath resistrtesan5é Emaller. Accordingly, a fear of

decreage, of the. supply.amount of Ste figuid refrigesantda the evaporationm
portion 20 is decreased, so, the circulation of the refrigerant is not

ladversely affectedsarththeioperativh SabilifcanBé fealided. it ShoGRiae e -
%ﬁgdﬁg% I%E%%%&QQFGth@%9¥ﬂ% such a size is for a CPU of
a PC as the heat source 70, thermally connected to the
heat spreader 10. The size of the heat spreader 10 may
he defined in accordance with the size of the heat source
70. For example, in a case where the heat source 70
thermally connected to the heat spreader 10 is a heat
source of a large-sized display or the like, the length e
may be set to about 2600 mm. The size of the heat
spreader 10 is defined such that the refrigerant can flow
and condense appropriately. In addition, the shape of
the heat spreader 10 is not limited to the rectangular
shape as shown in this embodiment. The operating
temperature range of the heat spreader 10 1s for example
-40 degrees to +200 degrees, approximately. The
endothermic density of the heat spreader 10 is for
example 8 W/mm® or lower.

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

a hydrophobic processing.

12
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10plate member 61 of the heat spreader 10, a not-shown heat radiation
member such as a heat sink may be thermally connected. In this case, the
heat diffused by the heat spreader 10 is transferred to the heat sink, and
radiated from the heat sink. 15(Heat spreader manufacturing method)

Next, amempedinent of the panufrcturag methed of thedieat spreadetber
10 will be described. Fig. 6 is a flowchart showing the manufacturing

friethéd. e RdrBphEbIt How Pathtmefibet 1 isT8rmied B8R th& 26inner

surface, 64 of the;main plate member6L (StepdPddspedificallyefor engtn
example, a not-shown catalyst layer is formed on the inner surface 64,

ahd e hyaidphobieaisriomateridl i§ensely formad onthe catafyst layér.
Fhe napomaterial js formed an the catalyst layer Ry 2pplasma.CYR: 1

(Chemical Vapor Deposition) or thermal CVD, but not limited to the above.

Kiest; the idif pldte Wembers 61 Ara the side planembers’e2 arg espect
pandedligudalighily {3tap,L02)10.fqun thecase Q. lndue ponding the

respective plate 30members are precisely aligned. Accordingly, in the
irmer space of the.case 60, the condenser portion 30, the liquid flow path

10 as the sytface Ol ihe bydrppnabls Jiow paih member. &1, inggan fows

path 5 ,nan%ﬂt e evaporation portion 20 are formed. ext, the
tefrgeramp iscimjected mto thieocasd)60:14y be sealed(Ste 108). Figs. 7 are

Sehematic diagrams ashowing in.sequence;the injectign method ofAle.,
the surface, so, compared to a case where the evaporation
portion 20 is formed of a metal material or the like, the
surface area thereof increases and thus the evaporation
efficiency improves. The carbeon nanotube has
approximately 10 times higher thermal conductance than
copper, a typical metal material of a metal heat spreader,
for example. Accordingly, in a case where the
evaporatiocn porticn 20 is made of carbon nanotube, an
extremely improved evaporation efficiency is obtained
compared to an evaporation portion made of a metal
material such as copper. Thus, the evaporation portion
20 can be made smaller. The condenser porticn 30 may
alsc be made of a nanomaterial.

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

formed of the same material, or all of them may be made
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refrigerant into the case 60. The case 60 includes an injection port 67 and
an injection path 65. The injection port 67 and the injection path 65 are
provided to one main plate member 61, for example. 10As shown in Fig.
7A, the pressure of the inner space of the case 60 is decreased via the
dijectien part$ rand:thesinjectiongpath 66, for exampleandihe refiigerante
is infused into the inner space from a not-shown dispenser via the _
SrjeGtdh poft 67°AHPHR iffection 1Bpafid5iec A% dowvniidrig iBta L5

Jpressareakso ispressed anddhe injectionpath6s4s ¢losed(temparal
sealing). The pressure of the inner space of the case 60 is decreased via

SHOtRET iffcliGn pafh 65 aRd Hhbfher injection port 2067, and when the

pressute of the inner space af thecase 6Q,reaches atarget pressure the
press area 66 is pressed and the injection path 65 is closed (temporal

SeAfiRg): AsShowt inlFig 070, at e siae tloser t@thel25injection port 67
than the-press area 66y theinjection path, 65 is,closed by laser welding for

example (final sealing). Accordingly, the inner space of the heat spreader
W@%&b@@ﬁ@?%y iﬁf‘asﬁ’@@thé #éﬁig@@&ht%oﬁﬁé%n@%@a@@@f the
©age b0 ohe 3Qsealed as deseubed abpye, the heat spreader 10,48 oo«
manufactured. Next, the heat source 70 is mounted to a position of one
Taihtaeiiember Bliecarkespondimy’torthement , pure water 1is
preferable.

(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 61 are
arranged, for example, vertically.

When the heat source 70 generates heat, the heat is
transferred to the evaporaticn portion 20 via the main
plate member 61 of the case 60. Then, the liqguid
refrigerant in the evaporation portion 20 evaporates to
be the gas refrigerant. The gas refrigerant flows in the
gas flow path 50 toward the condenser portion 20 (arrow
A). As the gas refrigerant flows in the gas flow path 50,
the heat diffuses, and the gas refrigerant condenses in
the condenser portion 30 to be the liguid phase (arrow B).
Thus the heat spreader 10 radiates the heat (arzow C).
The liguid refrigerant flows in the liguid flow path 40
to return to the evaporation portion Z0 (arrow D).

By repeating the above operation, the heat of the
heat source 70 is diffused by the heat spreader 10.

By controlliing the refrigerant flow paths such that

14
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evaporation portion 20 (Step 104). In a case where the heat source 70 is a
CPU, the process is for example a reflow soldering processing. 5The
reflow processing and the manufacturing processing of the heat spreader
10 may be executed at different areas (for example different factories).
t9@, in the: case of exeeutingthé infusiohrof the refiigerant aftertheaefiow o

processing, it is necessary. to transport 10the heat spreader 10.t d
o tle Pﬁctgﬁéjs,%éh éja%sqgsbrgﬁg]r:nlsg(%rc%%tﬁ rFr)%Igr(?p%){'osvvé%t?fcn%er,é oF

generatiamofparticlesof the trassfes betwdertfactories, Attordingtosthéble
manufacturing method of Figs, 7, jt isLEossib!gz I;Cohex cute thg reflow.
t ©

otEssiRg aftertie t5tompletidh 6f GG tha S et

e heat sprea e%cfdf'solvmg
aqppvggpgolg(l){gg;.?eff\gg@gﬁm@ to the manufacturing method of the heat
spreader 10 of this embodiment, by forming the nanomaterial havin
hydrophEbiGFats préteteritined 205red bator %etr%éremgﬁornogfs th% cale”
80 and thesinjectiopof the refrigenant theheatspreader 1@ including thend
condenser portion 30, the liquid flow path 40, the gas flow path 50, and

thé evaperation Pokico0 tah B manbfacturdd. RESoraingfy  the #°7<S

Jnanyfacturing.25method of the;heat spreadersancbe simplified gBwither: e d
since it is not necessary to be subjected to a hydrophobic processing or
ithie tike, ibenables ower costs easie marfifacture, and higher reliability.

The flow of the liquid refrigerant in the ligquid
flow path 40 as shown by the arrow D will Dbe described.

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

The main part of the liquid flow path 40 is the
surface of the hydrophobic flow path member 41 having
hydrophobicity. Because of the hydrophobicity, when the
liguid refrigerant flows in the liguid flow path 40, it
is possible to keep the contact angle with respect to the
hydrophobic flow path member 41 larger. As a result, the
flow efficiency in the direction of gravity can further
be increased. In the case where the hydrophobic flow
path member 41 is made of carbon nanctube, since the
carbon nanotube has a large hydrophobicity on the surface,
the liguid refrigerant can flow in the liqguid flow path
40 from the condenser portion 30 to the evaporation
portion 20 with higher efficiency.

As a result, compared to a case of causing the

15
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(Second embodiment) 30(Structure of heat spreader) A second

embodiment of the present invention will be described. In the following,

components, functions, and the like similar to those of the heat spreader

10 of the above embodiment will be attached with similar reference
1%@%@;%@%@@@&@ will be simplified ox omitted, landydifferemt partiwill

mainly be described. .  Fig. 8 is a longitudinal sectional view showing a
bﬁ@aﬁ%{ﬁréjdo%?%b%BW@toof%et&%oﬁagé% odrr%]e?ﬁ% &f° tﬁaenstrege [ made

Shvention. and tAs shown ipfig. 8 adieal spreades110dhasmethirer .
rectangular case 160 similar to the case 60 of the heat 10§Lpreader 100

‘ f
Arigop S R OFhe caset FEF intiudeR hERTT aff evapSratibRiporicH 120 a ©

«first qof er pertion 30, & second copdensarportien $3%;ta first liquids
flow path 140 (first flow path), a second liquid flow path 142 (second flow
deathzasadirstgas fighe path t50,3nt 4 seéond §as fidw Pttt 181, The “°F

Sase 160;is infused with thgnotshowpdeftigesants« ahhe first liguiddlow
path ;40 and the first gas flow path 150 are provided between the first
reoidenser-portion 130 and the evaporation portion 120. The first 20liquid

flow path 140.and;the first gas; flow path 130 are flow:paths fosthene main

refrigerant between the first condenser portion 130 and the evaporation
portien 120ber The seconddiguithiod Pafie 182 akll thé sBEGTEGAY lowsa ©

Jpath 151 are provided hefween.the second condensey 25porton 43k and
e evaporation portion 120. The second liquid flow path 142 and the
secord gas flovi pathhi51 arsstiow pathsfor thelfefigerant between theat

Seeond condenser portion. 131 and the, evaporalion pertion 120, radiated
from the heat sink.

(Heat spreader manufacturing method)

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

The hydrophobic flow path member 41 is formed on the
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 hydrophobic

nanomaterial is densely formed on the catalyst layer.
The nanomaterial is formed on the catalyst 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 piate
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 porticn 30, the

liquid flow path 40 as the surface of the hydrophobic

16
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The first condenser portion 130 is arranged higher 30than the evaporation
portion 120. Specifically, the first condenser portion 130 is arranged
higher in the vertical direction than the evaporation portion 120 with the
first liquid flow path 140 and the first gas flow path 150 arranged
thereheiweenmchesecdnd corderser portiont31is Hranged IGWwer than

the evaporation portign 120. Specifically, the 5second condenser portion
91‘@@%%5%%% Sier ﬁwnthge vegrﬁgal%(?fr%%%% than the evaporation portion
120 with the seeend-kiquid dewspath 142iandethesgcond gasiflewspath ©0
151 arranged therebetween, Thus, from the above, the first condenser
tgorion 10536t TriqUie iow Rath 140 art e Tt GRS flow PATISD.
dhe gvaporation pgrtion: 20 rtheisepond diguichfiown pathci42-ard the
second gas flow path 151, and the second condenser()%ortion }gé are

Tt Eangeeretically iR thisordé® 15THe case®16Gncludds Testangiar 27

ifﬂ%i@cpdéwogmp@r% 161 and:side plate memberstl6265. Thedirst liquid
flow path 140 is made of a hydrophobic flow path member 141 (first .
natRiateRalaydr) fihe hydropRobie How path mémber 141 iStormed 49

to one main plate member 61, for exampie.

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

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

As shown in Fig. 7C, at a side closer to the
injection port 67 than the press area 66, the injection
path 65 is closed by laser welding for example (final
sealing). RAccordingly, the inner space of the heat
spreader 10 is sealed tightly. By infusing the
refrigerant into the inner space of the case 60 te be
sealed as described above, the heat spreader 10 is
manufactured.

Next, the heat source 70 is mounted to a position of
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20at an immediately upper portion than the evaporation portion 120 of an
inner surface 164 of one main plate member 161. The hydrophobic flow
path member 141 faces another main plate member 161 via the inner
space of the case 160. The surface of the hydrophobic flow path
caBmember 344 reainkyrfuncticils, as:therfirstliguid. flgwipatt 140. Further,

the inner space mainly functions.as the first gas flow_path 150. Howevey,
SHRHOW haths CARhGLEE it de@sgl%gr@.éﬁ?étua||éﬂhé |i88i%ere¥’r?g%r§nt§ﬁe

nRay flowiindhe mner spacerand thesgas-refrigerantméy flon:30gn. thea
surface of the hydrophobic flow gath member 141. The second liquid flow
5dth A% 258 Hisde 6 Rydrophfiictbw path member 143 (second

nanomateriak: tayer). Thehwesophilia flaw path memizer 443risfiormed at
an immediately lower portion than the evaporation portion 120 of the inner

osiffaRecteaofthe dhe mamplaRahefHer 161 FHe Jﬁ?dreo%%ﬁi%i}%c\%v Batth

Jnember 143 Sfaces the othermaim plate; member 16t ia theiinper space
of the case 160. The surface of the hydrophilic flow path member 143
imainlEfupREENS s THESECorIRliqUic fidw gath 282 SFurt, fefihner =21t

Space mainly. fupetions as thessecond gas flow pathelals Howevesrthesport
flow paths 10cannot be divided clearly. Actually, the Iicluid refrigerant may

tflow Iethe inberespies, aAd fie §a6 rdifgBraht malfove on e stiffaca of
e hydaphiic lov pathypember 143, 1e f¥aporation posion L2 isat don
thermally connected

of particles of the transfer between factories.
According to the manufacturing method of Figs. 7, it is
possible to execute the reflow processing after the
completion of the heat spreader 10, solving the above
problemnm.

According to the manufacturing method of the heat
spreader 10 of this embodiment, by forming the
nancmaterial having hydrophobicity at a predetermined
area before the formaticn of the case 60 and the
injection of the refrigerant, the heat spreader 10
including the condenser portion 30, the liquid flow path
40, the gas flow path 50, and the evaporation portion 20
can be manufactured. Accordingly, the manufacturing
method of the heat spreader can be simplified. Further,
since it is not necessary to be subjected to a
hydrophobic processing cor the like, it enables lower
costs, easier manufacture, and higher reliability.

(Second embodiment)

(Structure of heat spreader)

A second embodiment of the present invention will be

described. In the folleowing, components, functions, and
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15with 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

20hydrophobicflovs pathomembes 144 may have bydiopbabicity Dother the
surface thereof may be subjected to a hydr%[;ho,bic processing. The

HyiGHHERSW PatH mimiber A3yt GpHificity at18eston the= = <"°®
sirface oIn ather wardsy the-entirehydrophilicslaw path member dd3qnay,
have 25hydrophilicity or the surface thereof may be subjected to a
#yarophiliccproctssiAgt Y Fhe Hﬁ?d]r%h’oﬁi@flﬁ)\%/sﬁé‘fﬁ%ber 141 and

thehy@%@h”@fEEVBaﬁwﬂgﬁ%@&%ééIn%éé%ﬂﬁﬁgwﬂﬁhgﬁagﬁbwing a

nanomaterial. In this case, after forming the flow path 30 members with

e haRGmasHRT, apprepatehyeroptific rocessing i Hd 8kécutéd.the

gfgggg/grgp@g%%o&qossing may be for example nitric acid processing or
ultraviolet radiation. in addition to the hydrophobic flow path member

141 aritheftyaroghilictiow pth mehtiser 19937 fevapbr&tidrs fortiohh 11
%gotwfgfgg%%or&da?é%eeft@&&%ﬂnggh%éée%cwe&@%Bgrt&?@at

m ormed of nanomaterial. The thickness t of the hydrophobic
fiowepath mémber 141 and2he hydrophilic flow path member 143 is for

example 100 nm t 0 pm. In Fig. 8, n.order for easj ding,..; -
the scalé Tatio of tﬁé%l%ydgf)gghigb(%c o&v%agtﬁ %nﬁer%ge?g#%lgggc% t:E#e% Hrtion
hgdrophiliciflowr. patthrmiember 1d8wiflorespeét todthe eased 609s: Avades -

arger than the actua) conliouraanaTMa §8°%. A0, maY Pe PRIE T A o
path), a second liquid 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 liguid flow path 140 and the first gas

flow path 150 are provided between the first condenser
portion 130 and the evapcoration portion 120. The first
liquid flow path 140 and the first gas flow path 150 are
flow paths for the refrigerant between the first
condenser portion 130 and the evaporation poertion 1Z0.

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

The first condenser portion 130 is arranged higher
than the evaporation portion 120. Specifically, the
first condenser portion 130 1s arranged higher in the

vertical direction than the evaporaticn portion 120 with
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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) 20The operation of the heat spreader 110 as structured
above wilk beldesetibed. kkig. @is-a sthématic didgeamishowing: the Low
operation, The heat spreader 110 is assumed to be arranged such that

RR& tain pI&ts TASABErs 16T Sre"artaiTded, for example, vertically.

25Whem, the;heatrsouree: 7@ generates heat; thesheatss sransfegret! tocthe r
evaporation portion 120 via the main plate member 161 of ttﬂ? case . 160.

HFhn, HelGuidrerfioardnt i theevipotation poRtion120°évaparates o be

{be gag refrigerant Part of the-gas refrigerant 3aftowsiinthedirstigas:few
path 150 toward the first condenser portion 130 (arrow A"). As the_gas

Veffigerant FOWSA the Tirst yas flolFp&hciso” e Alattifises driathét =1

gas refrigeranticondenses inhe dirst condenser portior 4301t be-ther1ow
liquid phase (arrow B'). Thus the heat spreader 110 radiates the heat
RairowICY. BHechdiuie FeffiGErami fIGWS 3 the first liquid flow path 5 140 to

return £g,the evangration.poitign 420 (aow; D). The, aperation ig,simikas 0
the operation of the arrows A-D of Fig. 5. Meanwhile, other part of the gas
Yéftigerdrt gehefdted hithedeVaporatich: PortibA 120% owWssin thé 10s8é6nd

@f%ﬁmﬁéR%ﬂ%%%EKW%%dQ%%EEEQQQ&EPQ&B?%&OH 120, the second
liguid flow path 142 and the second gas flow path 151,
and the second condenser portion 131 are arranged
vertically in this order.

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

The first liquid flow path 140 is made of a
hydrophobic flow path member 141 (first nanomaterial
layer). The hydrophobic flow path member 141 is formed
at an immediately upper portion than the evaporation
portion 120 of an inner surface 164 of one main plate
member 161. The hydrophobic flow path member 141 faces
another main plate member 161 via the inner space of the
case 160. The surface of the hydrophecbic flow path
member 141 mainly functions as the first liguid flow path
140. Further, the inner space mainly functions as the
first gas flow path 150. However, the flow paths cannot
be divided clearly. Actually, the liguid refrigerant may
flow in the inner space, and the gas refrigerant may flow
on the surface of the hydrophobic flow path member 1471.

The second liguid flow path 142 is made of &

hydrophilic flow path member 143 (second nanomaterial
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portion 131 (arrow E). As the gas refrigerant flows in the second gas flow

path 151, the heat diffuses, and the gas refrigerant condenses in the

second condenser portion 131 to be the liquid phase (arrow F). Thus the

heat spreader 110 radiates the heat (arrow G). The liquid refrigerant flows

1ip$he second diquickftow pathi H42 teretprntto theevaporation partion: 1201

(arrow H). By repeating the above ogleratio the heat of the heat . source
% ;h ration

270 EdifEsEb e Heat dpread& 110, 208y Controliing the refrigerant
p’li%\t @@5@11%@5%@ Iéqmﬁef@glefaatﬂowssm the firstelicuickflow jpath

and the second liquid flow path 142 (arrow_ D', arrow H) and that th
A reTGERRETOR i e GH RO ity 156 ApcF S SetGre s Nk
ath 151 {arrgw-25Amarraw B)-as-described abeveyit is possibleter space
decrease the fair of mixture of the liquid refrigerant and the gas
GEfrigetai@se 1 6Phe opefativhal 26edds Egﬁéhwﬁfﬁ‘fﬁﬁ@ %Frﬁ\]lv% AkSDr

andthe arrows E49 'fhjﬁﬁig%g9ﬁﬁﬁmr§iysr0§ghtg%des%%hwugbqu id
standard, and not clearly defined. ~ The flow of the liquid refrigerant in
Thesepend liGdid flod Paiie42 asBRoW B theRifG Tawll be Tunctrons

described.. .., The liguid-refrigerant flaws in the secand liquid flowpathaths
142 as the surface of the hydrophilic flow path member 143 made of
Framoniatbraldion a6 seédiit éonderser BhbHion I3CakaAed at a lower

position.p e eyaporation poian, 120 aranged aLa hiahgt positiopauth a
capi Ia?y orce. The hydrophilic flow path member 143 has a nanostructure
onfthegurface, thay ist bpvextienidly surface of the hydrophilic
flow path member 143.

. The evaporation portion 120 is thermally connected
with the heat source 70 via the main plate member 161.
The hydrophobic flow path member 141 and the
hydrophilic flow path member 143 are made of nanomaterial.
The hydrophobic flow path member 141 has hydrophobicity

2t least on the surface. In other words, the entire
hydrophobic flow path member 141 may have hydrophcbicity
or the surface thereof may be subjected to a hydrophobic
processing. The hydrophilic flow path member 143 has
hydrephilicity at least on the surface. In other words,
the entire hydrophilic flow path member 143 may have
hydrophilicity or the surface thereof may be subjected to
a hydrophilic processing.

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

may be for example nitric acid processing or ultraviolet
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10minute structure of 10 nm to 100 pm. For example, when 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 bath
AAR21E5withha capillary force. Since the hydrophilic flow path member 143
has hydrophilicity on the surface, the liquid refrigerant permeates the

surface 'bf T hydrophific floW Atk Thamber143 TAS Y rBaGIT tREHwrE 41
digwickrefriggrantean flow i theysecond ligid: few path 142 20withedsrat ion
capillary force, and the flow efficiency from the second condenser portion

P37 'tb%He evAporation portion $26 dGA BRlimproved” L ASdedefibéd

sabovejaccordingde the heat spreader 119 ofthisemhodiment, both the
second liquid flow path 25142 causing the liquid refrigerant to flow with a

CHpRia forés and the first liquid flow path 140 causing the liquid

refrigefant to ﬁ'%’i&bé%a@y &fe employed. %ﬁ@fﬂﬂ@g%ﬂ@@ rEfa_Uzgk% raiis.c r
separated to the second liquid flow path 142 side and the first liquid

'30flo path 1240 sige “Fhids; tie biaged wﬁb%?b&mhé 4iaufd8reﬁ<rgrerant
2ae madssmallel and ine flow officiency. obthe fiquidkielioerant kam;
the first condenser portion 130 and the second condenser portion 131 to
uhe evapoirativn portidre 120 e¢an bedmprovied. Reeordinglyra féarof £ Low

Jacrease of the sppply amoynt of the liguid refrigerant tg the, eyaporation , 5

“portion 120 I1s decreased, so, the Circulation of the refrigerant is not
vaidversety pffected andthe opetation’stabilityechn be realizet hRorthérs
erg\éaipolgation portion 120, a plurality of flow paths, that

a%zk?ﬁrg??s%%%ﬁgd#ow pa?h 140 and the second liquid flow

The case 160 may be made of a metal material.

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

(Operation of heat spreader)

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

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

flows in the first gas flow path 150, the heat diffuses,
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10path 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) 15To manufacture the heat spreader
219, %H&anﬁ@ate@'alﬂay;@rﬂamrmﬁﬁa@mwhe hydiephbbicsfiow:pathenser
member 141 (corresponding to Step 101 of Fig. 6), and her
H%Iﬁmeﬁéléa§@r i8 Fornied ands Bﬁeé%%lstggabgfgﬁiVa?eé]ﬁ drophilic the

Hraeessing da dorm the hydrophilie flowspath 20mesaberd43. The The
nanomaterial is for example carbon nanotube, but not limited to the abagve.
FHeRHrBpAE PRECHEEINGIMYEY b ol Bkam bf@srﬁtrijcja%‘f&gro%?egginﬁ B
ultraviglet adiation. Jherevaposadionpartian 420: thefirsteongdenser: D) .
25portion 130, and the second condenser portion 131 may be formed of
Hemofmitendll The bapeératibAhortiorr 150, 3HE firdt O delser orfigr ©%'S
.30, ard Esq%ge@qnd condenser portion 131 are for example hydrophilic.
After the formation of the hydrophobic flow path 30member 141 and the
hydropfioficw path mighfderazat i héatspisaderai gy pat

manyfactured withthe mapyfacturing methed of Stepyl 02 t9,Stepr1 04-ef
%lg. 6. According to the heat spreader manufacturing method of this
entoodiment; itfis Hiot hetassary td-formra widkestiirt@ecorare fike of‘the

%g%?&rgifc%“%ﬂﬂew Rath. and itis onlynecessaryfo exgcutertBge in
the second gas flow path 151, the heat diffuses,; and the
gas refrigerant condenses in the second condenser portion
131 to be the liguid phase (arrow F). Thus the heat
spreader 110 radiates the heat (arrow G). The ligquid
refrigerant flows in the second liguid flow path 142 to
return to the evaporation portion 120 (arrow H). By
repeating the above operation, the heat of the heat
source 70 is diffused by the heat spreader 110.

By controlling the refrigerant flow paths such that
the liquid refrigerant flows in the first liquid flow
path 140 and the second liguid flow path 142 (arrow o',
arrow H) and that the gas refrigerant flows in the first
gas flow path 150 and the second gas flow path 151 (arrow
A', arrow E) as described above, it is possible to
decrease the fair of mixture of the liguid refrigerant
and the gas refrigerant.

The operational zones as shown by the arrows A' to
D' and the arrows B to H in Fig. 9 are merely rough guide
or rough standard, and not clearly defined.

The flow of the liguid refrigerant in the second

liguid flow path 142 as shown by the arrow H will be
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5processing to realize a capillary action, which enables easier

manufacture, higher reliability, and lower costs. (Third embodiment) Fig.

10 is a plan view of a heat spreader according to a third embodiment

of the present invention. Fig. 11 10is a longitudinal sectional view of the
deat 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.26Q. The
case 2605s teGEnGuIar inthepian vie .Cg‘ésenjf?or%%%e tatsrat d5diraction,
the cepter portion is arrangedower-thandeft andiright end poftionslow path
The case 260 includes therein an evaporation portion 220, a pluralit gf m
TieEow BAUTR S0 (Frot R Baihy 2 Blurdify Bf G4S 50 pAths 250 &AE >

Beplurality 20af copdenserpertions 2304firsheendenser portion). The case
260 further includes the re&iggerant (not shown), sealed therein.  The

HHARITIGH pathsTU0 ar the’ Gas oW HaThSs 250 Ard reBpetivdiy provided

petween the.gondenserrportions 25230 and the evaporation portion 220.
The liquid flow paths 240 and the gas flow paths 250 are flow paths for the

refrigefdirt betiveérrthel cohderser BoitonEdF3psnd the daporation
@QH%%E%%%ture on the surface, that is, an extremely

minute structure of 10 nm to 100 pm. For example, when
carbon nanotube is emploved as the nanomaterial, the
diameter of the carbon nanotube is 10 nm to 50 nm, and
the length is 100 nm to 100 pm. Accordingly, the liguid
refrigerant can flow in the second liguid flow path 142
with a capillary force. Since the hydrophilic flow path
member 143 has hydrophilicity on the surface, the liguild
refrigerant permeates the surface of the hydrophilic flow
path member 143. As a result, the more ligquid
refrigerant can flow in the second liquid flow path 142
with a capillary force, and the flow efficlency from the
second condenser portion 131 to the evaporation portion
120 can be improved.

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

efficiency of the liquid refrigerant from the first
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The evaporation portion 220 is formed at the lowest 30position in the case
260. The condenser portions 230 are arranged higher than the
evaporation portion 220. Specifically, the condenser portions 230 are
arranged higher than the evaporation portion 220 with the liquid flow paths
c%ﬁ@i@lﬁ@ ¢he gas flowrpaths 250 arranged ¢herebetweene s Big. drtheon
plurality of condenser portions 230 are arranged at Ssubstantially the
IsEmEfeight, Butiot fimitet'to hé gﬁg@e.ﬁ%e ligiuid gwlp%sogf(? and
A@gﬁﬂﬁg@ﬂ ?@é@ 2hQarecaTTangesksosas torbe inclinegpThus;fromm thes £
above, the condenser portions 230, the liquid flow paths 240 and th S.
tfisw bafhis 250, BE e BAportion TORBAIb 220 & avatiged i e °
JUder  kheicase,26Q includesdnaintplate membets 26X as @aupperis not
surface and a bottom surface, and side plate. members 262 as wall
asliffeices ] The figGia TR paths 240 &8%&&&8%?&8%%3618%5%6& path
members; 241(fjrst nanomaterial Jayar): Jhe:hydeephabic flow pation

members 241 are formed at a portion higher than the evaporation portion

FR20-4r¢t loWet thén Fig'Edridense poftions 2R SFan inAéitsurface 264 of
f%%es@aﬁ plate;member. 261 as the hottom surface-se as 1 he20indised.

e hydrophobic flow path members 241 face another main plate member
elvia4he irnet space bf theldase 260 THeSUTfates Of the’Rydrophobic

J!%’r%%ébo%m?ﬁf%%é}@}%v'ygﬂgcéi%ezs thediquid.flow paths.24Q.in the
inner space. Further, the inner space mainly 25functions as the gas flow
gﬁﬂhQ@ﬁOlH@wemg3uﬂgﬂ@ﬁcond condenser portion 131 can be

provided, which improves heat diffusion efficiency.

(Heat spreader manufacturing method)

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 is formed and subjected to appropriate
hydrophilic processing, to form the hydrophilic flow path
member 143. The nanomaterial is for example carbon
nanctube, but not limited to the above. The hydrophilic
processing may be for example nitric acid processing or
ultraviclet radiation.

The evaporation portion 120, the first condenser
portion 130, and the second condenser portion 131 may be
formed of nanomaterial. The evaporaticn portion 120, the
first condenser portion 130, and the second condenser
portion 131 are for example hydrophilic.

After the formation of the hydrophobic flow path
member 141 and the hydrophilic flow path member 143, the
heat spreader 110 may be manufactured with the

manufacturing method of Step 102 to Step 104 of Fig. ©.
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paths cannot be divided clearly. Actually, the liquid refrigerant may flow in
the inner space, and the gas refrigerant may flow on the surfaces of the
hydrophobic flow path members 241. 30The heat spreader 210 of this
embodiment is, for example, 30-50 mm length (e) on each side (length of
the elangaied dirgction eftherside plate ereinber262) fad:2-51 rm madthod
(w) (length of the side orthogonal to the elon%gted direction of the side

Pafe rheniie 2625 5ihe pian view ofhé’STapeof the hea gff%a%e?ﬂ&

48 notlimited 4o the,shape:as showndn shis embodiment & Thevaporation
portion 220 is thermally connected with the heat source 70 vi thg mai[}. .
oilste meftber 2615 Ce h§Eophobit fidv B&ﬁw%bﬁwb‘é%éfz Y QS ke

A ahydrophobig napgmaterial. The hydrophobienanomatetiakisdoables

example, carbon nanotube, but not limited to the 10above. The
aryelEephobie A6WPal ehbERI4 " Ravé hydropHobithy at R4S orr tHe = -

surfaces, In. other wards, the entire hydrophobic flow path members 241
may have hydrophobicity or the surfaces thereof may be subjected to a

hydropHabic prockssinge ThE thickiess’t 6f the A5hyarophesit fiow pahid

tnmoaenf%ffbﬁ%%l is.for example 100 pr. to 100.um. In.a,case;where garbon: 1

. eis used‘as the nanomaterial, the length of the carbon nanotube
is set tbalG0. nmctorkod pract ionad addition ¢ tHeRydiBpholsie BGA5Hth

%%rrqrg%s%z%ﬁgp%o;%% g\ﬁr%gg%:inga%ep%%qn 220 and the condenser portions

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

The case 260 includes therein an evaporation portion
220, a plurality of liguid flow paths 240 (first flow
path), a plurality of gas flow paths 250, and a plurality
of condenser portions 230 (first ceondenser portion). The
case 260 further includes the refrigerant (not shownj,
sealed therein.

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

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

The condenser portions 230 are arranged higher than

the evaporation portion 220. Specifically, the condenser
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The case 260 is made of a metal material, for example. The heat spreader
210 is different from the heat 25spreader 10 of the first embodiment in that
the hydrophobic flow path members 241, the liquid flow paths 240, and

the gas flow paths 250 are inclined, and the plurality of condenser portions

230;thysikaphohic flow path membens:24L; fiquid flow paths 240, and gas
flow 30 paths 250 are provided. By forming the rg;j%o hobic flow path

Righoets 2440 thietiqid Rew-patis- 946 Larid et pafHs JBTrtdI5E
incline éEE@%§@'%@r@ﬁ%€tﬁe t@ﬂé‘@i&é pf.eendenser pptions;230, 1o
hydrophobic flow path members 241, liquid flow paths 240, and gas flow
pathse250: Aceerdingly thaGsfrigeFant i Separatedlin aploraliypof at

directions: Thus.the;hiased distrbutian 5of.the liguid refrigerant can pg..
made smaller. Accordingly, the flow efficiency of the liquid refrigerant from
tHeoandenSes poHibhsR30MHothe Bvaporationgpoiticn 220 @an beow paths
improved. Sipee,ihe liauid flow paths 240 have, hydrophobigity 10on the, o
surfaces, the liquid refrigerant can flow to the evaporation portion 220 by
gravity evehavithoutarrangingthe liquid flob paths240ivertically ! rvtheaths
e where the inclination angle of the liquid flow paths 240 is further
e ot ek RGnces thflow By 16 Orevity, This ine
heat:spreadeéricanrbe provided:notivertitally butsabstantially horizontally,

and capbe provided depending pn variaus provision condiions, ., Here,,
an example Where two condenser portions , two hydrophobic flow pa
meralers 24z two liguid flomc20paths 240z2and two das flaw paths 250
gg%ggygkegg as wall surfaces.

The liguid flow paths 240 are made of hydrophcbic
flow path members 241 (first nanomaterial layer). The
hydrophobic flow path members 241 are formed at a portion
higher than the evaporation portion 220 and lower than
the condenser porticns 230 of an inner surface 264 of one
main plate member 261 as the bottom surface so as to be
inclined. The hydrophobic flow path members 241 face
ancther main plate member 261 via the inner space of the
case 260. The surfaces of the hydrophobic flow path
members 241 mainly function as the liguid flow paths 240
in the inner space. Further, the inner space mainly
functions as the gas flow paths 250. However, the flow
paths cannot be divided clearly. Actually, the liguid
refrigerant may flow in the inner space, and the gas
refrigerant may flow on the surfaces of the hydrophobic
flow path members 241,

. 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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shown, but not limited to the above. For example, three or more
condenser portions 230, hydrophobic flow path members 241, liquid flow
paths 240, and gas flow paths 250 may be provided. 25The operation of
the heat spreader 210 is similar to the operation of the heat spreader 10 of
dhe firstembadiment fHgnhSk Herectheiftow ofrthediguiduefrigerantsin the

liquid flow paths 240 (corresponding to arrow D of Fig. 5) will ly.be
HERBABEE BOTHEIGuid Tefigerant fltci\%/ésl n thefiGuid 16 epl“matél‘[s%eﬁr 0 trdny

1he sondenser portions 230 asranged atexhigher-pesition witheis not
evaporation portion 220 arranged_at a lower position by %ravi%t\%/{ Since the
ligurtitisly paths 40 hrd e 1RE Tiqdid rEfigerait€an itw'in-the

liquid flayy, paths, 24Q. by Sf@\%’%m@ﬂﬂqg@oﬂwé paths:2401are the staces)
of the Shydrophobic flow path members 241 having hydrophobicity.
Bedausa of i kydropheBicity, thé diqhictrefiigetantddes MstPRTheats’ -

the surfaces,of the hydrqphobic,flow.path mermbers 241:whenflowing is: a

the liquid flow paths 240, and therefore it is possible to keep the contact

1pdnglelwith respect e tertiyiirophbbie o path HBmBers AT RirGer A%

atesyl, the flqw efficlency anudiher b nceaseds In theeasevhare dhe
obic

ydrop w path members 241 are made of carbon nanotube, since
thevsarborThandtube dalablargd hydrophbbicity BATARE sdffacela5the

igud sefrigerant.can fow in e ligid flaw halhs, 244 from ihe.eendenset as,
portio {0 thé evaporation portion 220 with higher efficiency. Asa.
tesult compared traase of cdusing the liqadvefigerait o flow Wiy &
g%@ﬁ%@ﬂ?ﬁ%%%@% or the surfaces thereof may be subjected
to a hydrophobic processing. The thickness t© of the
hydrophobic flow path members 241 1s for example 100 nnm
to 100 um. In a case where carbon nanotube is used as
fhe nanomaterial, the length of the carbon nanotube is
set to 100 nm to 100 um.

Tn addition to the hydrophobic flow path members 241,
the evaporation porticn 220 and the condenser portions
230 may be formed of a nanomaterial.

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

The heat spreader 210 is different from the heat
spreader 10 of the first embodiment in that the
hydrophobic flow path members 241, the liguid flow paths
240, and the gas flow paths 250 are inclined, and the
plurality of cendenser portions 230, hydrophobic flow
path members 241, ligquid flow paths 240, and gas flow
paths 250 are provided. By forming the hydrophcobic £low
path members 241, the liguid flow paths 240, and the gas

flow paths 250 to be inclined, it is possible to form the
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20biased distribution of the liquid refrigerant can be made lesser and the
flow path resistance can be smaller. In addition, since the plurality of
condenser portions 230 and the liquid flow paths 240 are formed, the

circulation efficiency of the liquid refrigerant to 25the evaporation portion

220 fartherdmprovetk s resultt a dear of decréastrofithetsupplyl ow
amount of the liquid refrigerant to the evaporatio rtion 220 is
SRR 21 e AR fhchuni REfio0 o1 he hEACsrads 210
ps Basimilan to the-manufaciugng methedofthedeat spteades A0:of thel in
first embodiment éFi . 6), so the descrigtion thereof will be omitte

n

d. . .
FFBAMA @bodimént tEfGEHrE S heat Spreaddl o+ BREA S A piak =t on

view pt.a heat spreader-ageording tea-fouethrenabodiment et the present
invention. Fig. 13 5is a longitudinal sectional view of the heat spreader,

Aeef Trom the’cColitfe &FEiY. 2. 1FigLE4 797a SEctidhal VW ofthe heat
spreader, seen fromthe R-Dlineeffdg 130 rt i onsAsshows intkigs.

12-14,the heat spreader 310
evaporation portion 220 can be improved.

Since the liguid flow paths 240 have hydrophobicity
on the surfaces, the liquid refrigerant can flow to the
evaporation portion 220 by gravity even without arranging
the liquid flow paths 240 vertically. In the case where
the inclination angle of the liguid flow paths 240 is
further smaller, the hydrophobicity enhancés the Tlow by
gravity. Thus, the heat spreader can be provided not
vertically but substantially horizontally, and can be
provided depending on various provision conditions.

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

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

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

higher position to the evaporatiocn portion 220 arranged
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10includes a thin rectangular case 360. The case 360 includes therein
an evaporation portion 320, a flow path 340 (first flow path), and a
condenser portion 330 (first condenser portion). The case 360 further
includes the refrigerant (not shown), sealed 15therein. The flow path
2404s ngg\gge%@ﬁmaemth@c@MeyportM ahet tHel evaipbration:
portion . The flow path 340 is a flow path for the refrigerant betwe
A& tBndéNsét ortiot 336 2 tﬁ@%véﬂi%ﬁéﬁgn ]b%ﬁf&r?%&rétbﬁaenca%%ow

360dneludes a:rectangulas hattony plate nemberi361, a rectangular top
plate member 363, and side plate members 362. The condense

portior¥ 330 is-sitafgdd Righer thn thélevaptration pottidr 356, °F =he
ispecifically, ithe copdensen25partien 330 is aranged abaverthighobicity .

evaporation portion 320 in the vertical direction, with the flow path 340

Rerariged therebetwdeit 1ARABR fiofmthe dbbve 1S belh: Tt
§ondenser portion 330, theflow: patfy340, and:the evaporiaRPOHian 320

are arranged vertically. 30The flow path 340 includes a hydrophobic flow
path mesnier34 L (harishfteriaidayeryl Trie fydtophebic Aol hpaths
meymber, 341 is formed at an inner syrfags,364.of the cbottarm platacace

merber 361 so as to surround the evaporation portion 320. That is, the
hydicphebitflow patv-member 84 1hig Afangel ot shbstanfaly the¥ahs

heloht as the evaporation.portion 320 SThe lydieehobicloy palh rurtner
a plurality of hydrophilic portions 345 and a
]b]gdmmmwtionmthmgc@ﬁﬁowﬁﬁﬁapom@ﬁsm%l%ﬂ@?@@déd flow
S AR e e HEGlon PYAIg s YRR PORPR 0t e
carbon nanotube has a large hydrophobicity on the surface,
the liquid refrigerant can flow in the liquid flow paths
240 from the condenser portions 230 to the evaporation
portion 220 with higher efficiency.

As a result, compared to a case of causing the
itiguid refrigerant to flow with a capillary force, the
piased distribution of the ligquid refrigerant can be made
lesser and the flow path resistance can be smaller.

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

The manufacturing method of the heat spreader 210 Iis
similar to the manufacturing method of the heat spreader

10 of the first embodiment (Fig. 6), so the description

thereof will be omitted.
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10portions 345 are formed radially with the evaporation portion 320 being
the center, but not limited to the above. In addition, without providing the
plurality of hydrophilic portions 345, one continuous hydrophilic portion
345 may be provided. 15Each of the hydrophilic portions 345 has a width

realizing-a capiapyforze: ddve-hydrophilic portions 345 have hydrophilicity
on the surface. The hydro(ggéi;ic portions 345 may be plane formed by
patterniid, 'oFrhay Be Grod\istlike 95 #7éledde where the hydrophilic

portions;20345.are grooye-like the size-ofthe greowghas asizerealizing n
a capillary force. The hydrophobic portion 344 is an area free from the

hydeophillerpdiicrd 345 NABrderfof kasiy: Giderstahieiiiy! the@ Rumberdf 13
fhe qur&l?(gﬁie [pertions 345 is;decreased.ip the figyre. . 25The eyaporation

portion 320 is rectangular in the plan view, for example, but not limited to
v abovenrT hehevdpotatiornsortibn 320 -is Hrermaliydeonifected with the

healsquice Tvlg e Datamplalp @g@@gaéél,-_&%ﬁe@me@ﬂ@ 310,
Is, for example, 30-50 mm 30length (e) on each side and 2-5 mm width
wh el hetshape.ofthe heat spreader 310 is not limited to the rectangular

shape as shown in this embodiment., . The roph I%iggl&\év path,,
membf—?rsf’-,ﬁfg i made oFe é%s;’/dr:)i;)%o Id(:’ néﬁoemgé%igl.al%e hydrgpho ic
hanomateriad is-foi exampte; carben-naactabé ddut not limited to the

aboveT %Eggﬁgpq %C{Egﬁ%gggn%%ggéﬁﬁlQgsgiggg¥g@gg§y§grtion
least on'the Stifface. In other words,
320, a flow path 340 (first f£low path), and a condenser

portion 330 (first condenser portion). The case 360
further includes the refrigerant (not shown), sealed
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.

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

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

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

path member 341 is formed at an inner surface 364 of the
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the entire hydrophobic flow path member 341 may have hydrophobicity or
the surface thereof may be subjected to a hydrophobic processing. The
thickness t of the hydrophobic flow path member 341 is for example 100
nm to 10100 pm. In addition to the hydrophobic flow path member 341,

ithe evaporation nacion-32G maydhe fosmed of nanemateristdnaveaserat ion
where carbon nanotube is used as the nanomaterial, the length of the

RARSoIPRarcttibe iS S8t tolF00 ARt M50 F D5 e CASe'380 IS AT 6 ©

fonexample.a metal matedal: {Pperationiof heatspreaden dherapefatiame
of the heat spreader 310 as structured above will be described. The heat
Spreddet 3101s 2R5limed té He-arranged such that the condenser portion

20330, the flow path 340, and_the evaporation portion 32Q are ar%anged
a

verticall}e NYAhER e heat'soiifc 70y heTates heat: the' Reds S

transtersed to-the eyaperationiportien 820 via thebofiem plate; mesbersic
361 of the case 360. Then, the liquid 25refrigerant in the evaporation
PRORICP32G &bapordtes f/Be e ad refRgeraht Fhesdas freffigerantfidivs

in.the-flow path 34Q toyardithe condeasey pestian: 330. Asthedashe

refrigerant flows in the flow path 340, the heat diffuses, and the gas

vefigera it tondensdsiinithé 0condenseriportion 530 16 Be e figaa L 1 1<
}BQ?%?L'OL@USS@§ heat spreades 310 radiates theheat nthesigiid ration

portion 320 being the center, but not limited to the
above. In addition, without providing the plurality of
hydrophilic portions 345, one continuous hydrophilic

portion 345 may bke provided.

Each of the hydrophilic portions 345 has a width
realizing a capillary force. The hydrophilic portions
345 have hydrophilicity on the surface. The hydrophilic
portions 345 may be plane formed by patterning, or may he
groove-like. In the case where the hydrophilic portions
345 are groove-like, the size of the groove has a size
realizing a capillary force. The hydrophobic portion 344
is an area free from the hydrophilic portions 345. 1In
order for easily understanding, the number of the
hydrophilic portions 345 is decreased in the figure.

The evaporation portion 320 is rectangular in the
plan view, for example, but not Iimited to the above.

The evaporation portion 320 is thermally connected with
the heat source 70 via the bottom plate member 361.

The heat spreader 310 is, for example, 30-50 mm
length (e) on each side and 2-5 mm width ({(w). The shape
of the heat spreader 310 is not limited to the

rectangular shape as shown in this embodiment.
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refrigerant flows in the flow path 340 toward the hydrophobic flow path
member 341. The liquid refrigerant flows in the hydrophobic flow path
member 341 to return to the evaporation portion 320. By repeating the
above operation, the heat of the heat source 70 is diffused by 5the heat
spreader310, The flovy of-thelliswic refrigeranb on the hydrophebic floiv a
path member 341 will be described. The refrigerant repelled at refri eraqt
o s

ROl R 6 hotiE FIGR (3t frember the KydroBREBIE port

irepelled atthehydrophobic portions feffigerant aggregatediintibe to the
hydrophilic portions 345 formed linearly force toward the 15evaporation

sportion 3200 IYAFARICStAftireS Th RGEShIY BE Edse Whers'the flow
ﬂ%ﬁ@§59&595§996%@b9¥%§%3%%a@maﬂg@ﬁea@@q In other words,

the entire hydrophobic flow path member 341 may have
hydrophobicity or the surface thereocf may be subijected to
a hydrophobic processing. The thickness t of the
hydrophobic flow path member 341 is for example 100 nm to
100 ym. In addition to the hydrophobic flow path member
341, the evaporation portion 320 may be formed of
nanomaterial. In a case where carbon nanotube is used as
the nanomaterial, the length of the carbon nanotube is
set to 100 nm to 100 um.

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

(Cperation of heat spreader)

The operation of the heat spreader 310 as structured
above will be described. The heat spreader 310 1s
assumed to be arranged such that the condenser portion
330, the flow path 340, and the evaporation portion 320
are arranged vertically.

When the heat source 70 generates heat, the heat is
transferred to the evaporation portion 320 via the bottom
plate member 361 of the case 360. Then, the liguid
refrigerant in the evaporaticn portion 320 evaporates to
be the gas refrigerant. The gas refrigerant flows in the
flow path 340 toward the condenser portion 330. As the
gas refrigerant flows in the flow path 340, the heat
diffuses, and the gas refrigerant condenses in the
condenser portion 330 to be the liguid phase. Thus the
heat spreader 310 radiates the heat. The liguid

refrigerant flows in the flow path 340 toward the
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320, but also the case where the flow path 340 is arranged substantially

the same height as the evaporation 20portion 320, the flow efficiency of

the liquid refrigerant from the condenser portion 330 to the evaporation

portion 320 can be improved, and the higher flow efficiency is maintained.
noinee the liquid refiigerantilowstpdhe 25evapotatioh portich 320 maielyant

by a capillary force, the heat spreader 310 c?bn beﬁﬁsed ig@&)t nly th

eweswhérethe condenserPorfor 338, i fiow FAR320" and the ©° 2"

revaporatiop-pertign {he case-where they (Heat spegaset Next,rareembode
320 are arranged vertically, but also are arranged horizontally

anaRatabRiting MEtHea) ment of ife manbifatiigméthottof the ieg® Y
+Spreader. 310 will-be.described.

The flow of the liguid refrigerant on the
hydrophobic flow path member 341 will be described. The
liguid refrigerant on the hydrophobic flow path member
341 is repelled at the hydrophobic portion 344. The
liguid refrigerant repelled at the hydrophobic portion
344 is aggregated to the hydrophilic portions 345. The
liquid refrigerant aggregated to the hydrophilic portions
345 flows in the hydrophilic portions 345 formed linearly
as liguid flow paths with a capillary force toward the
evaporation portion 320.

With this structure, in not only the case where the
flow path 340 is arranged above the evaporation portion
320, but alsc the case where the flow path 340 is
arranged substantially the same height as the evaporation
portion 320, the flow efficiency of the ligquid
refrigerant from the condenser portion 330 to the
evaporation portion 320 can be lmproved, and the higher
flow efficiency is maintained.

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

(Heat spreader manufacturing method)

Next, an embodiment of the manufacturing method of

the heat spreader 310 will be described.
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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 5364, and the hydrophobic nanomaterial is densely formed

Ion th?ﬁfmwaypmammmtpdammb@wmmmefcatallglglt on an
ayer by plasma CVD or thermal CVD, but not limjted to_the above.
SR ANER » hefo ARl oy thab e ofFedan TG arie 36 o
dhe inner surface 864y theevaperationpertine320:maybe forfnedtdhiacally,
predetermined area, and another area ma rmed %s the hlydrophobic

be f
HFovp pathAEmber 321 Y Ribxt: prédetéfmin G En S B thehydrophobic flow -

Jbpath, member 3dlsatsssihiected 40 ahyelsophilic procassing to farorthed
hydrophilic portions 345. The hydrophilic processing may be for exam Ig
Titrie i plotkEsihg F8Y §énerating d'¢AIBBRYIGrodp of Bftraviolét” S "

radiatign, performed on the nanorgaterialtayer: Thedhydrophilio 20pertions ¢
345 are linearly formed. The hydrophilic portions 345 may be plane
formédBy pattéFring 8P B a groove processing. After the formation of

the hydrophobic, flaw. path member,344.9n the inaersurface 364 afdhged on
bottom plate 25member 361 and the formation of the hydrophilic portions
the entire area of the inner surface 364, the evaporation
portion 320 may be formed on a predetermined area, and
another area may be formed as the hydrophobic flow path
member 341.

Next, .predetermined areas of the hydrophobic flow
path member 341 are subjected to a hydrophilic processing
to form the hydrophilic portions 345. The hydrophilic
processing may be for example nitric acid processing for
generating a carboxyl group or ultraviolet radiation,
performed on the nanomaterial layer. The hydrophilic
portions 345 are linearly formed. The hydrophilic
portions 345 may be plane formed by patterning or by a
groove processing.

After the formaticn of the hydrophobic flcw path
member 241 on the inner surface 364 of the bottom plate
member 361 and the formation of the hydrophilic portions
345 on the hydrophobic flow path member 341, the heat
spreader 310 may be manufactured with the manufacturing
method of Step 102 to Step 104 of Fig. 6.

hccording to the heat spreader manufacturing method
of this embodiment, the hydrophilic portions 345 are
formed by the groove processing or Dy patterning.

Accordingly, the minute structure can be formed and the
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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 300f
this emt_)odiment, the hydrophilic portions 345 are formed by the groove
mfggggg%gg%%@g Q@ét@?@jagoécgprdm the-mirute stricturé saarbgoled.
ormed and the manufacturing method of a higher reliability. is le
As de%éri@&Péﬁd\@%@ﬁ@é{%prﬁaﬁepf&ﬁ%?5‘.‘3[6, gFBIJ%)acgor ihg o
thesembodiments pf thepresentdpvention-are she devices gesved based
on the Sfundamental concept of improving the flow efficiency of the liquid
i petrigéranthby gravit) by hakifg the figdiiFow Faths hyBrophobic, and
Mproyving the flaw, efficieney-of; the Jigwicheefrigerant with arcapillasy farce £
by making the liquid flow paths hydrophilic. 10(Example of electric
t@:@pa]réms)@ig?qgﬂé%%éﬁﬁe&We%éW Showing 3865kBp PE as HH* 14
ectroni p j ing t t-spread -ha ;
g &wa girc%ulﬁgboga%%%%%\%%e?gﬁ} a CPU S%E%)%E{%anf pﬁiﬁis%nﬁlr?fgd@my
o6 theccifcuifbioard <15 82 THE CPU- 83 a8 o fidat sotifce isthefnally
Lqnected with g heatopreadsr A0, angdhe begy sereader 10s
& ermglly connected with a not-shown heat sink. In the example of the
figure, the GRU 83§ cohnetted o aowen porion of the main plate

memb§£ Sl ZJOg)f ghse ge%tesfsr%%%%rij\pein\}hjg‘yegi?%gﬁ%‘:t@ndes ktop PC

as an electronic apparatus including the heat spreader 10.

F

In a case 81 of a PC 80, a circuit board 8Z is provided,
and a CPU 83 for example is mounted on the circuit board
82. The CPU 83 as a heat source is thermally connected
with the heat spreader 10, and the heat spreader 10 is
thermally connected with a not-shown heat sink.

Tn the example of the figure, the CPU 83 is
connected to a lower portion of the main plate member 61
of the heat spreader 10 in the vertical direction.
Although not shown, in the case of using the heat
spreader 110, the CPU 83 may be thermally connected
substantially at a center portion of the main plate
member 161 of the heat spreader 110.

In the example of the figure, the heal spreader 10
is arranged substantially vertically. Although neot shown,
the heat spreader may be arranged substantially
horizontally. In this case, the heat spreader 210, 310
may be used. The heat spreader 210, 310 may be arranged
substantially herizontally, and the heat source may be
thermally connected TO appréximately at The center

portion of the bottom surface of the heat spreader 210,
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Although not shown, in the case of using the heat spreader 110, the CPU
83 may be thermally connected substantially at a center portion of the
main plate member 161 of the heat spreader 110. 25In the example of the
figure, the heat spreader 10 is arranged substantially vertically. Although
<at shown, the heat spreader may be arranged substantially horizontally.

In this case, the heat spreader 210, 310 may be used. The heat spreader
210, 3104ay be difanged 30stBsAntidly-RoriZohtaIkS 2kl the Regf tLon

Source,maybe; thermally connegted to approxinately.atthe cepterportion;
of the bottom surface of the heat spreader 210, 310. The

V@rﬁ@@djméﬁwaéé&_érﬁgth@:@@ewmﬁﬁ@ﬁ @re not limited to the
embodiments, described.ahove.. and varigus;modifications are, v ranged

conceivable. For example, the heat spreader 10, 110 is arranged
werticatly, L but-ndtiimitedito theabeve “Thé heatspreader 102116 Aay be

sﬁfg%%géi'tf@ Ofﬁyd@nswa& horizantally;for example, or may include a -

eat spreader including an evaporation’portion and a condenser portion
Howhick are. aparf fronesachpotheror Ehe shapeuofihe heatspreaderder
ig the side view angithe shg;%% of the hecfltaspcr:e%%gr 210, 3101n

Jtlﬁoe l[1)‘1%anj'vi w are Tec ?16alar.olqo§/ever%?ﬁ1e snape in the si ‘eS\G/EiJé “c?rrlrti' +on
wthe plareviewapay beicirculas 2 tHelligsoidal, polygonal, or another arbitrary
shape, Altematively, not it t the tin rectangylar hegt sprepder. e,
device may%e rmed as a heat pipe.

view and the shape of the heat spreader 210, 310 in the
plan view are rectangular. However, the shape in the
side view or in the plan view may be cilrcular,
ellipsoidal, polygonal, or another arbitrary shape.
Alternatively, not limited to the thin rectangular heat
spreader, the device may be formed as a heat pipe.

The shape and the like of the hydrophecbic flow path
member 41, 141, 241, or 341, the hydrophilic flow path
member 143, or the hydrophilic portions 345 may be
arbitrarily changed.

Es an electronic apparatus, a desktop PC of Fig. 15
is exemplarily shown. However, not limited to the above,
as an electronic apparatus, a PDA (Personal Digital
Assistance), an electronic dictionary, a camera, a
display apparatus, an audio/visual apparatus, & projector,
a mobile phone, a game apparatus, a car navigation
apparatus, a robot apparatus, a laser generation
apparatus, or ancther electronic appliance may be
employed.

The present applicatlon contains subject matter

related to that disclosed in Japanese Priority Patent
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The shape and the like of the hydrophobic flow path member 41, 141,
241, or 341, the hydrophilic flow path 20member 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
mahoveas ap:eleatronic apparatus: ar? DA(Persorted Digitah 25Assistance),
an electronic dictionary, a camera, a display apparatus, an audio/visual . .
CippaFatusia brojEctor, ‘& mobild phohBa GaimeSpparatusa car WHeh +8
rhavigationapparaius +a rohot apparatis - laser generation apparatus, or
another electronic appliance may be 30employed. The present
application contains subject matter related to that disclosed in Japanese
Priority Patent Application JP 2008-206562 filed in the Japan Patent
Office on August 11, 2008, the entire content of which is hereby
incorporated by reference. Claims: 1. A heat spreader, comprising: an
evaporation portion arranged in ast position; a first condenser portion
arranged in a second
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5position, the second position being one of higher than and apart from the
first position; a working fluid evaporating from a liquid phase to a gas
phase in the evaporation portion, and condensing from the gas phase to
the liquid phase in the first condenser 10portion; and a first flow path
anade,6f a nanomaterial, having hydrophobicity on a surface, and causing
the working fluid condensed to the liquid phase in the first condenser

‘hortioR td fiéw t§ e 8FstoraliGiportidh 45 2. The heat spreader

according e sladals furthercomprising: :a:second-congdenser{portieR i « 1 on ;
arranged in a third position, the third position being one of lower than and
20apaft frdrAthe firstPosition, and ehabling thelWerking fluld $6 €6ndense

Aram the gas phase to-thediquid phase; and: - jasecond flow path made,
of a nanomaterial, having hydrophilicity on a surface, and causing the
aR6Tkiter25Tlutd eBnderfsetiitd the HigaittpHase in the second condenser

portion tq flow {p the-evaporation, portion,, The hieat épffégﬁﬁa%%%“é‘& 0, 4
claim 1 or 2, wherein the first flow path is arranged vertically. 3
gas phase in the evaporation portion, and condensing from
the gas phase to the liguid phase in the first condenser
portion; and

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

condenser porticn to flow to the evaporaticn pertion.

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

a second condenser portion arranged in a third
position, the third position being one of lower than and
apart from the first position, and enabling the working
fluid to condense from the gas phase to the liguid phase;
and

a second flow path made of a nanomaterial, having
hydrophllicity on a surface, and causing the working
fluid condensed to the liguid phase in the second

condenser portion to flow to the evaporation portion.

Lad

The heat spreader according to claim 1 or 2,

wherein the first flow path is arranged vertically.

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

wherein the first flow path 1s arranged
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4.The heat spreader according to claim 1, 2 or 3, wherein the first flow
path is arranged inclinatorily. 5. The heat spreader according to any one
of the preceding claims, 5wherein the first flow path includes a hydrophilic
portion in a direction toward the evaporation portion. 6. An electronic
appalatus-eamprising: a heat source; and 10a heat spreader thermally
connected to the heat source, the heat spreader including an evaporation
portion arranged in a first position, a first condenser portion arranged in a

ssecondposition; the-second-positionbeing opg of higher tharrand apart
from the 15first position, a working fluid evaporating from a liquid phase to
0¥ §4§ phase fhlthesvaporation portion, and condensing from the gas

phase,tqthe liquidphase in the-firsf,condenser, portian, anzé}zféf%E‘Mli c
path made of a nanomaterial, having hydrophobicity on a surface, and
Pocalsing the votking Fluid> Boriderised tolthe REdid Phase §a theofirst on -
condenser portion to flow to the evaporation portion. 7. A heat spreader
manufacturing method, comprising: 25arranging an evaporation zone in a
Hirst pdsitionectronic apparatus, comprising:

a heat source; and

a heat spreader thermally connected To The heat
source, the heat spreader including an evaporation
portion arranged in a first position, a first condenser
portion arranged in a second position, the second
position being one of higher than and apart from the
first position, a working fluid evaporating from a liguid
prhase to a gas phase in the evaporation portion, and
condensing from the gas phase to the liguid phase in the
first condenser porticn, and a first flow path made of a
nanomaterial, having hydrophobicity on a surface, and
causing the working fluid condensed to the liquid phase
in the first condenser portion to flow to the evaporation

porticn.

7. A heat spreader manufacturing method, comprising:
arranging an evaporation zone in a first position
and a first condenser zZone 1in & second position, the
second position being one of higher than and apart from
the first position; and
forming a first nanomaterisl layer having
hydrophobicity on a surface, between the evaporation zone

and the first condenser zone.
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and a first condenser zone in a second position, the second position being
one of higher than and apart from the first position; and forming a first
nanomaterial layer having 30hydrophobicity on a surface, between the
evaporation zone and the first condenser zone. 8. The heat spreader
manufacturing method according to claim 7, further comprising: arranging

a second condenser zone in a third 5position, the third position being one
of lowerthan &bl aFaFERGIHthedRstposition: BAd™e tisfhing asedond to

nanomaterial layerhavingbydrephilicity on a surface, between the
evaporation zone and the second condenser zone. 10 9. The heat

spreadef rantifactufing sremhod deeeriiigto dams 716t & thivhérein the
disstnanomaterial layer,is formed vertically, 15 10.The heat spreader, 4
manufacturing method according to claim 7, 8 or 9, wherein the first
Famomateral |ayer is iormedinglinaterly. and

forming a second nanomaterial layer having

hydrophilicity on a surface, between the evaporation zons

and the second condenser zone,

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

vertically.

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

inclinatorily.

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

area in a direction toward the evaporation area.

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

processing.
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20 11. A heat spreader manufacturing method, comprising: forming,

on a substrate having an evaporation area, a nanomaterial layer having
hydrophobicity on a surface; and 25forming, on the nanomaterial layer, a
hydrophilic area in a direction toward the evaporation area. 12. The heat
1spreaderanapufactiusinganethod-aceerding o elaimddy 3ewherein-theg to
hydrophilic area is formed by a groove processing. 13. The heat spreader
Thantfaétbring meéthod according to claim 11 or 12, wherein the
hydrephilic:areads donmed-by patteming. . HEAL SBREADER, patterning.
ELECTRONIC APPARATUS, AND HEAT SPREADER
MANUFACTURING METHOD Abstract of the Disclosure According to
an embodiment of the present invention, there is provided a heat spreader
including an evaporation portion, a first condenser portion, a working fluid,
and a first flow path. The evaporation
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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 first position. The working fluid evaporates from a
liquid phase to a gas phase in the evaporation portion, and condenses
from the gas phase to the Ii%uid hase in the first condenser portion. The

first fI6pattt R THE0EOf a f&, RESATED ALY JRERSuFEREADER
and causes the working fluid gopdensedto-the lighidphase in the first

condenser portion to flow to the evaporation portion. Fig. 4

Abstract of the Disclosure

According to an embodiment of the present
inventicn, there 1s provided a heat spreader including
an evaporation portion, a first condenser portion, a
working fluid, and a first flow path. The evaporaticn
portion is arranged in a first pesition. The first
condenser portion 1s arranged in a second position, the
second position being one of higher than and apart from
the first position. The working fluid evaporates from
a liquid phase to a gas phase in the evaporation
portion, and condenses from the gas phase to the liguid
phase in the first condenser portion. The first flow
path is made of a nanomaterial, has hydrophobicity on a
surface, and causes the working fiuid condensed to the
liguid phase in the first condenser portion to flow to

the evaporation portion.

Fig. 4
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