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| NVENTION Field of the Invention: The present invention relates to A

appar at uwaoxmewhods for ' S renoval of heat from el ectrpar@Sozazaes. In’

particular, the present invention relates to a heat dissipation device

havi ng at | east one holl ow projection connected to a chanber in a base
portion of the heat dissipati JRATUSSEPATIN BEYICGK: hol | ow poWIMWﬂWWM,UMe
proj ections and base portion chanber conprise a heat pipe vap

State of the Art: Hi gher peBASKGRQUNDQEL NTIQN: eased ni ni atsuedzat i on
of 10 15 integrated circuit conponents, and greater packagi ng density of

i ntegrated cir cuHi¢ld ofithe Inventiom glhg peasent difventing relotep i appaiatvd aad mypthogdsfor hese
*goal s are achieved, mcroel ectronic dice becone snaller. Accordingly, the
density of pmwevalodhsalfin dectohictdadcdsnieparticudat, he presént invontironelatestoan t he

m croel ectronic die has increased) which, in turn, increases the average
‘juncti orb t enpex dissipaioodetitechavingraokhe ohe lolloev plojectidnfconireetet] eorpelramiber @ aof t he
m croel ectronic die becones too high, the integrated circuits of the

m cr oel ect r obise pahitien bBie heat AREPHRA dovice] @dieredytae hollay patisnsayfder at us and

t echni ques have been used and are presently being used for 20 renoving
heat from m giopelieflah®Bise pdities chdiRr SatfptisBadbat PipeSiapatch@ibdrechni que

i nvol ves the attachnent OF a high surface area heat sink to a

m croel ectroni c i€ of dié Brt: Hibher portsrfafice, RVePSRE Tlkdased Rinf@IMRAISH 610
m croel ectronic die 202 (illustrated as a flip chip) physically and

el ectri cal | yiralot A& GRul QoRpsteiS [dhd bRakAPdck Bling? st ofnRbidtedLiriits@fe SOI der
ball s 206. A1 hegglt Si nﬁ g%lgpi S atat agﬁgd ?5 ?%aokméwﬂ?fgcgﬁflz roftst ﬁe

m croel g?t r Ogril gfg @a@g?thg¥oﬁpfggﬁ¥|§{%h#% Atg ﬁ{é%is\ﬁ% mn@@&,_\ﬁﬁc%aéctro-ﬁﬂe heat

sink 208 is us construc y conductive material, such

Gencr ot od by ERgafie ifler, AR nf Y YRBI BYfumBlch IR, hlobfggThe Do

g;{ g7é?7|9 egs%ﬁjrciyxﬁgc%{ﬁ)g%r%?lg S}% % é{ngggllégh‘\;/\A?]lé cﬂé Hastirbcerearggcﬁ twh%cihflll% tgrggingieggcsk 91\{3“ ng the

average junction temperature of the microelectronic die. If the temperature of the
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microelectronic die becomes too high, the integrated circuits of the microelectronic die
15 may be damaged or destroyed.
Various apparatus and techniques have been used and are presently being used for
removing heat from microelectronic dice. One such heat dissipation technique involves
the attachment of a high surface area ﬁeat sink to a microelectronic die. FIG. 5
illustrates an assembly 200 comprising a microelectronic die 202 (illustrated as a flip
20 chip) physically and electrically attached to a substrate carrier 204 by a plurality of
solder balls 206. A heat sink 208 is attached to a back surface 212 of the
microelectronic die 202 by a thermally conductive adhesive 214. The heat sink 208 is
usually constructed from a thermally conductive material, such as copper, copper alloys,

aluminum, aluminum alloys, and the like. The heat generated by the microelectronic die
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conductive heat transfer. H gh surface area heat sinks 208 are generally
used because the rate at which heat is dissipated froma heat sink is

subst ant ivebbyopasmporti onal to the surface area of the heatCgiusk2/0284¢ hi gh
surface area heat sink 208 usually includes a plurality of projections 216
extendi ng su antial | er pendj rly fromthe_mcroel ectronic die 202.
el of coubBtriialaBe bRt k0% flcfuns BEerE e ot arermgl HHRIGLSY but ar e
not limted to,,K el ongate p%anar fin-like structures and columar/pill ar
structures. FAMURIICAUFSIEE area of the projections 216 allows heat to be
convectively dissipated fromthe projections 216 into 10 the air

surroundi ng the Hligh swiace arca heat sigksel§taresgangraily gsed Regaype the gatpawhigh heat
incorporated into the assenbly 200 to enhance the convective heat

di ssi pati on. it¥snraEd from & heat Rk isisgbstantipyaprepertiensl ipethe susfapk arempltheheati zed in
a variety of mcroelectronic applications, they have not been conpletely
successfdl i sinkefe high siréage afen bent sink 20%usselly inpliudesdi mbwality f prpmetionst2d 6
substanti al anmounts of heat. 15 Another known nethod of renoving heat from
a m croel ect expidinglsubstastially pepswliaiarly flreathe migrecl@@picatie 20 unisijef FIG 6. A
heat pipe 220 is a sinple device that can quickly transfer heat from one
poi nt to anottwese, undenoeord thiteheusgiecfone Homhay maludg bunae hatrlintised (@ rEohgyte i Nput .
The heat pipe 220 is generally fornmed by evacuating air froma seal ed pipe
222 that conphnadimlikeoubtureg afid coluhina?/piflar Sticturads Thahigh safacalaealkdthe The

seal ed pipe 222 is 20 oriented with a first end 226 proxi mate a heat source
228. The wor kiojgtibhsui1g aldws heshio®? cosvettively dibsipated fRIMGE pRdjedtionad 1§ ihdde heat
source 228, increases in tenperature and evaporates to form a gaseous phase

of the yorki ﬁgatrlsuhdm%afg,mmgmﬁmy%a bR N 268/ RIS n3de it RWREHe? SeCONd
end 234 of the seal ed pipe 222. As the gaseous phase novés toward the

seal ed pi pe §REMR %s%ﬂm@lzzﬁ)é 10 fhafiQNALERO& VO h&d BisflpdtRh MR vdr! AMbebi2S Phase
of the working fluid 224) thereby rel easing the heat absorbed during the 2

VO 021 0714790 RETHHERAATE. A YRRRI A 08 Bt BmbioANE SIS o lont ey 0" K N0

fluid 224. The |iquid phase returns) usua capi I lTary "action or

Iraii V) he hiVR BERALoRbIRE ) Wk A0 B RudlighaRle QMRS 225,

wherein the process Isr e heat pi pe o rapidly

transfer hea cn%}l%éésufbgtgﬁw Q?Olm?sagfh%gyr ce 228. S Various configurations of

heat pi pes hdve en used to cool nicroelectronic dice and they have been
conti gubati ons. HEGE St OyLERGhet ey Re HER EBy LTI RARA LY A P Bttt

i cr ool et r o PREG RS Fe e FRE S beR bRy s s deniee Rt ek ¢ woul d
m Cr 081 ect oG ToBHHEO BEGRPIDRY LRI S RIS e P goh gnerey

specification conclydes with clains partjcularly pointing out and 15
di stinctly ci"&Phi%lf‘Fﬁé’EPWP &W%m%g)ap%w %Clta?/r&g piF Bemyiseplpd BIRE 2%, t he
advant ages of this invention can be nore readily ascertained fromthe
fol | owi ng def@F§optainst “srorkingiipidy &b sysh agmatsr pretiephpl Thespalertripo?224Ft h t he
acconpaqying drawi ngs to which:

2 oriented with a first end 226 proximate a heat source 228. The working fluid 224, which

is in a liquid phase proximate the heat source 228, increases in temperature and
evaporates to form a gaseous phase of the working fluid 224, which moves (shown by
arrows 232) toward a second end 234 of the sealed pipe 222. As the gaseous phase
moves toward the sealed pipe second end 234, it condenses to again form the liquid

25 phase of the working fluid 224, thereby releasing the heat absorbed during the
2




FIG 1 is a side cross-sectional view of an enbodi nent of a heat

di ssi pation device attached to a mcroelectronic die, according to the
present iwyentien, 20 FIG 2 is an oblique view of a crospesasiz/oni®f an
enbodi mrent of a-heat dissipation device, according to the present
invention; FIG 3 .is an oblique view of a cross-section of another

enbodi nent ogvaporaden ofgheliquidiphase ofthe werkingfluidy 224 nkhetliguidphagsreyEnst
invention; FIG 4 is a side cross-sectional view of still another

enmbodi nent ofsualihbweapiiBridacsion pugraviy, Hethe sealedvingdine ¢nd g2@preximatcthe heat oni ¢
die, as known in the art. 3 WO 02/ 071479 PCT/ US02/ 02840 FIG 5 is a side
cr oss- sect i osrirce\Z28ywheireinm theqaecesh is sippated. cFhusiabd keat pipe 22thie dble ¢ mpidly
«mcroelectronic die, as known in the art; and FIG 6 is a side

cr oss- sect i otrarsfer heatawhy fromeke hepi gporce@88.known in the art. 5 DETAI LED
DESCRI PTI ON OF THE | LLUSTRATED EMBCDI MENT In the foll ow ng detailed

+descri pti on, ref\arencenfigurados of bedt bipeabave bpangedi® cdobmicngiectrbdt disbiow, by
way of illustration, specific enbodinments in which the invention may be
practiced. Theisheychuvo desnaistédinabRjua@ida wWildhnedheatiflbgscdoenHodeted) duci 0 enabl e
t hough skilled in the art to practice the invention. It is to be understood

that the varismfigurhfoRmaachdiBednenafely fikcdstME Bid Wihg o2y deBRiY @Bolfiglok er ent, are
not necessarily mutually exclusive. For exanple, a particular feature,

structure, Ofefiedepdtidf t63ling alCurd RS dpREKS HEL B voluMe GREBEEIHAR dMichPNne
enbodi nent, nmay be inplenent within other enbodi nents w thout departing
fromthe spighycoafpdifedPicl. the invention. In addition, it is to be
understood that the |ocation or arrangenment of individual elements within
each di figl osed Y RrROGI WBNA bdEN eIl deSelonidriQils «f Bl m t he
spirit and scope gf t he 1 nvent | oﬁ. %’he #ooqel o%y\&rﬁ;p %et élgng%Eldeg%}rlg%?i on is,

t herefore, npgatﬂgm%crhgl?&;bngr%%_l imting sense, and the scope of the

present invention is I ne y by the appended cl ai nms, appropriately
interpreted, along with the full range of equivalents to which the clains
are entitled. In the drawngs, like nunerals refer to the sane or simlar
functionality 20 throughoy pyeral views he.hregent invention
conprises a heat dissipattof S Q4 REAWTNGS o portion, having a
chanber defined therein, .and.a pluyralit f projectjons extending fromthe
base porti on. AtV%’ECatE‘T: SPSHECHIB;C ‘&#'i’%ﬁwb C@%£%®§r‘th'WgBPt&“gcti ons al so
has a ¢ nbﬁ%. defli ed therein that 21'543? in fluid communi cation with the base
por t i on“chanB¥FetbClpEring Raowhigh 5 seeaded ap e persend iygayon, figadvantages gf this

02/ 071: 179 PCT/ US02/ 028: 10 . _ _ .
invention can be more readily ascertained from the following description of the
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invention when read in conjunction with the accompanying drawings to which:

FIG. 1 is a side cross-sectional view of an embodiment of a heat dissipation device
attached to a microelectronic die, according to the present invention;

20 FIG. 2 is an oblique view of a cross-section of an embodiment of a heat dissipation

device, according to the present invention;

FIG. 3 is an oblique view of a cross-section of another embodiment of a heat
dissipation device, according to the present invention;

FIG. 4 is a side cross-sectional view of still another embodiment of a heat

25 dissipation device attached to a microelectronic die, as known in the art.
3



FIG 1l illustrates a mcroelectronic assenbly 100 of the present invention
conprising a heat dissipation device 102 attached to a mcroelectronic die
104 (ill weoozmvAd9as a flip chip). The heat dissipation deecrasap@simcl udes
a base portion 106 having a plurality of projections 108, preferably

ext endi ng subst ially perpendicularly 5 therefrgm The heat dissipation
devi ce base por'?fiqbngl fo%“‘?erﬁf ﬁﬁﬁ‘é‘gmaalé’llf‘d%‘ﬁfé’rheitl S#%F‘%@Vf%é*fté&ﬁﬁi ©rhe
plurality of projections 108 al so includes chanbers 114 formed therein,

whi ch are i nMRrEFIeFtoBikdifn pERoOME N et #We base portion chanber 112. The
each of the plurality of projections 108 is preferably substantially

hol | ow. The contfilda$ isdrsidsfcressseqtinad visat efiadigatatipgreknownin giediré he proj ect i ons
+chanbers 114 form a vapor chanber of a 10 heat pipe that will be
hereinafter referred to as vapor chanber 11G The vapor chanber 116 is, of
course, sealed and contains a working fluid 118, such as water or al cohol.

‘The vapér chanberD

RIPE ﬂ " £) As'jl !

DYESE RI]

JON QR dE ORIMENTher e or

partial vacuum The heat dissipation device 102 is preferably constructed
from a thermal | yin¢erfdilewing detaitedalesaiiptiorns neftress i mpeto, thacgpprepangingoy s,

al um num alum num alloys, and the like. 15 As previously discussed, the
wor ki ng f 1l ui dradvings itat gene brwhy of iludaratiog upadifighastedinienxs inwhehttieinedibn sour ce,
i.e., the mcroelectronic die 104. As the mcroelectronic die 104 heats
under nor nal mapes prattired. Thae tabgimadtsiire describdiin WolfisieAgdetdiltb dnabledhwighhi n t he
vapor chanber 116 is increased, resulting in the evaporation of the working
fluid 118 t oskilydih theQat6 ptistiRiReBventiont 16 © 38 QAT SIHSIPES thDVRBud owar d and
into the 20 projection chanbers 114 of the vapor chanber 116 (illustrated

Wi th aroows meddimédis SFARCMNERISN,{aRh LRI diFedrét Brd A&t nkéedstin®) Ri@swy of the
working fluid 118, thereby rel easing the heat absorbed during the

evapor ati on &fidiie, F&r@ihﬁp@h@ﬁ%ﬁﬁi&ﬁar?&ﬁuwﬁ&tm, drlcHirdctdrlsic dgﬁg?édt lﬁg@iﬁj, phase

returns by condensing and trickling down the interior wall

proj ection chaghetgonld il oﬁ%yengﬂlfoil&etély, gggggy%ﬁlglﬁ% etlr\ﬂﬁr&@tgérie odinfenishe base

portion 5

WO 021 071. 179 PCT t he vapor chanber

116 broxi Mt Giddif a0 L AL Corl ok 08 MIBHALY 1NIBARELTERF Ak T Dot e

Thus, the vapor c

rapl rans gat away fromthe

' I ' [ - I | i f . ' [ .108 f
i <sipat i on SHeRRE a0 thelallforBbehordhs bl SbiefPSuditboeh Slstomter < 114
5 i | ud | i Y . t. sh t ist int d ti
. retdr n' o kit el B men eSS B o i it i o< hose sk 1 1 oc

and retudrn
in the art.

It 1.5 U ood di ng,on_the ampunt of heat to be

t der st t hat depen C
removed, al |0 t'f’rﬁs?hes{?ﬁ%w‘&g d?tﬂ@edp‘gﬁ‘{)"é’fi?'? Bniberefase, r‘?ﬁ&ltgr??ﬁ ep g leitingn

chanmbers 114. The Pf
t echni ques, SO¥RIHLNTFORG P

o] ecti chanbers 114 e forned by conventi onal
s RgeRb P s JrBost oyt (e ARporeet Shima: ml i pl e

spi ndl e machi ne f.ro&ma first surface 136 of the projections 108 through to

the base poriPPERMES

iiierrefach along ith fhefulb 9Es AicpauaISHs L@ Which fiersiaims e

projection first surface 136 by wel di ?ﬂ% brazi ng, or other otherw se

att achi ng arf™ifgt Jpthefrayipss fike purpsiys

eritpy the Sarpe opyimdanfpncionatify eri al from

whi ch the heat dissipation device 102 is nmade. The entire heat dissipation

devi ce 2902

25

throughout the several views.

The present invention comprises a heat dissipation device that includes a base
portion, having a chamber defined therein, and a plurality of projections extending from
the base portion. At least one projection of the plurality of projections also has a chamber
defined therein that is in fluid communication with the base portion chamber to form a

vapor chamber of a heat pipe.
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15 (holl ow projections and hol | ow base portion) nmay be fornmed by injection
nol di ng and ot her such fabrication techniques as will be evident to one
skilled wobolweiamot. It is, of course, understood that thePgETAjSene28¢ns 108
may include ) but are not limted to, colum/pillar-type structures, such
as shown in FIG aﬂland el ongate planar fi -Iiﬁe ?‘tructures such as shown
in FIG 3. 20 THIGH diustpteta Misseelecpuc asamply LAY o6 ihe BTesspt 4yaitiaiect ri cal | y
attached to a substrate 124 hy a plurality of solder balls I%G A nmounti ng
surface 128 GIMRringsieat Qafsgepeaf‘qvm laéaﬁteée%tasaémﬁmewawwe % attached to
a back surface 132 of the mcroelectronic die 104; preferably by a

thermal |y cokitusgraedas aﬂwefé\m)eTmeheaaélsqtmmd?\ﬂcetmleﬁhﬂdesmbﬁwwgwntl% heat
di ssipation device 102 is illustrated as being attached to the

m croel ect r ohdving® plusplityd poojecsipos 08 Tprefsoplyoxgadingisebstaptially peependigelaly on i s,
of course, not so limted. The heat dissipation device 102 may be attached
to any sur f atherefiogm Thiaiheat dissigatidnglesies base glottion B@6 uickdéspethentberA|l & forhed
illustrates another enbodi ment of a heat dissipation device 140 of the
present i nvetheireon Thepiurgay af prggctons|108 alke ingludés dhainblasl1 14 forpedothereini ons 142.
The plurality 5 of folded-fin projections 142 are fornmed froma flat stock
conducti ve shbieh presofloidaemanunivationawitiptha basepoaionchimber 1p2.eTlareabh yf thopper ,
copper alloys, alumnum alum numalloys, or the like. The plurality of

f ol ded-fin pplojatiot ofgnsjectidls HI8as prfaidly Apsthntlatly halldvheTid cmbsitatekofdiduct i ve
sheet in an "accordion-like" or "wave-like" fashion, as illustrated in FIG
4. Such f ol degde portiopciintbet lmal%rqealomaéﬂam}sanhyorﬂm/aipbagﬁﬁm& dracause
they can 10 be formed nore cheaply and nore conveniently than machi ned or

nol ded f¢ nnerkabgipt tHat WHbe hERnaftef @Rfred toasRaFIr@GathEE S 14.4FnedVa oxacthhﬁﬁé}ed to a
base plate 144, having a recess 14G forned therein, preferably by

application Df6 i5,0f d6\rse, SRARDANd O6nidilea ivbllkﬁg(ffu'ldn 185 E\EW@Q watkP6r QD61 gt e

chanber 146 is open in the direction of the folded-fin projections 142,

such that t heloAlifanber {6 freRIFIRIEAL oBprestiVE oSS0 of éf%aq' vichiln! S

di sposed in the base 15 plate recess 14Gan he a IS sea

(preferably p#odgh @sdARePa&RU08 idhIRIBH ?ﬁShIQIF B Hol Fthe g'émdm e 'S

course, understood that the integration-o ow proj ec as di scussed

shove,  can Bl ALY, CARA Loum AR FLAETHRIEH B R 50 2 07>

However) as the projecti Ko a can be

adj usted in 20 ure apprec I ncr ease. .the overall
wei ght 1f)gf t he h%at %J(;jvéug}ypa |%sﬁd(r}‘g?/w§§( @‘ﬂ?llgg ‘%&59‘?‘%‘3 P"rﬂ[}léq % bed in
detail enbodi nents of the present invention, it is understood that the
i nventi on dé%fPﬂﬁH‘eb‘g Pmsegﬁfehaeahec%r%cvgmﬁéte 104. B the priqreglectrpnip

die 104 heats under normal operation, the temperature of the working fluid 118 within
the vapor chamber 116 is increased, resulting in the evaporation of the working fluid |
118 to form a gaseous phase. As the gaseous phase moves toward and into the

20 projection chambers 114 of the vapor chamber 116 (illustrated with arrows 122), it
condenses to again form the liquid phase of the working fluid 118, thereby releasing
the heat absorbed during the evaporation of the liquid phase of the working fluid 118.
The liquid phase returns by condensing and trickling down the interior walls of the

projection chambers 114, by gravity or by capillary action, to the base portion
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WO 02/ 071479 PCT/ US02/ 02840 particular details set forth in the above
description) as many apparent variations thereof are possible wthout
departi ngvéppomuive spirit or scope thereof. WO 02/ 07147ecTiuAbMRsVhat i s
clainmed is: PCT/US02/ 02840 1. A heat dissipation device) conprising: a base
portion having at |east one chanber defined therein; 5 a plurality of

proj ections éﬁ anghes | ot the anor chamhes & L pioximsge the fisreelestrasiedied 04 4 d
plurality of projections having at | east one chanber defined therein; and
sai d base pomhewin théardoess isredeated. dThats, the aspor chamber djlé istablentoctpidiver adapt ed
to be in fluid communication with one another to forma vapor chanber. 2.
The heat di ss$dafisiérilen fayiffom Of nfit@elsetionid die 10eto the pluvdditnef @ojectidas N8 f | ui d
10 di sposed within said vapor chanmber. 3. The heat dissipation device of

claiml, wheg&idissiaiish ¢t (e Bdat toym@ﬁurpdlﬁﬂﬁgtaironsle tioft @haAntk Ul @ hdyy Of
pillars. 4. The heat dissipation device of claim wherein said plurality

‘of proj gft' Oflw1 %'IR Vdnér?or%nmg ﬂlsh{nyn)q ags'ls'?g%thg'éoﬁens-mgn Dot SSIMPAL T ON

devi ce cl alﬁl erern ura |ty prolectlons conprise a

I I f f The f
ot i m 1, " wnereMiAEHH e a5t Biharc o flfBhall 8507 L AR
conprise a netal WD 02/ 071a79 PCT/ US02/ 02840 7. A m croel ectronic

assenbly, coffst fi%q%ng o0 He crgarted (P8P Be BRMOVAR ALY Just BBk OSHF PEISSIONG a
heat di ssipation device attached to said mcroelectronic die back surface,
conprisi ng: 10%may bavsepreiectionshambers hif-at | east one chanber defined therein;
a plurality of projections extending fromsaid base portion, at |east one
of said plural i tThegkojgrtion ebimters] Idavdyrig farmndda)yhmnvdﬂbhahmdhnibmseimh aand said
base portion chanber and said at | east one projection chanber adapted to be

in fluith comitiiingableoth thé pivjeatiénsaA08 o &rmilfplt epiAdle maeRia fromael surfhbe 8. The
m croel ectronic assenbly of claim 7, further 1ncluding a working fI ui d

g: s P%Ssd Whte??é?%% ?ro}'&‘ﬁ%s ;@P?{}Bﬁéh tohe HARE pSRti6h Ot ﬁPﬁ'aﬁd ﬁé
y O prOjECtIOHS conprise a
pillars. the hole proximate the projection first surface 136 by welding, brazing, or other
otherwise attaching an appropriately sized cap of the same or similar material from
which the heat dissipation device 102 is made. The entire heat dissipation device 102
15 (hollow projections and hollow base portion) may be formed by injection molding and
other such fabrication techniques as will be evident to one skilled in the art.
It is, of course, understood that the projections 108 may include, but are not
limited to, column/pillar-type structures, such as shown in FIG. 2, and elongate planar
fin-like structures, such as shown in FIG. 3.
20 The microelectronic die 104 is physically and electrically attached to a substrate
124 by a plurality of solder balls 126. A mounting surface 128 of the heat dissipation
device base portion 106 is attached to a back surface 132 of the microelectronic die

104, preferably by a thermally conductive adhesive 134 as known in the art. Although

the heat dissipation device 102 is illustrated as being attached to the microelectronic
6



10. The mcroelectronic assenbly of claim7, wherein said plurality of 15
projections conprise a plurality of fins. 11. The m croel ectronic assenbly
of cl ai mwooadmaa®i n said plurality of projections conpriseca/yshuemhoty of
folded-fin projections. 12. The m croel ectronic assenbly of claim7,
wherein said base portion and said plurality of projections conprise a
metal . 10  #i©10%/y invegionds/ofsonss 20uw limiteda Thethsaidissipation devicg 182heat

di ssi pation device, conprising: form ng a heat dissipation device base
porti on havi mgy bt attaehat toang swifreerfrem wigth heat istdesiresd to;befdissipated. a pl urality of
proj ections extending fromsaid base portion; 5 drilling a hole in at |east
one of said pl urEGI #)lhBiraes Sjodet eMBSdim¥ &F @hBarSidssipatictl devRst1@mdsther om a
first surface to said at | east one base portion chanber; and capping said

hol e proxi mﬁr@_se%@in%ﬂfoﬁjh%}ﬂo?ﬁmﬁiarp?ﬁralﬁk%f #18d-fif'projedBor¥BUB OGhOplufalie) M 13,
further including disposing a working fluid wthin said base portion

‘chamber 5 10 gﬁoldlg-?inrsﬁﬁ%i&%gnsofﬂ%l‘éaﬁomléal‘rﬂaf%onwg?I%Pgt&kfcgﬁm&%&&%%jgsﬂ) H{ ﬂl Ity of

proj ections conprise ormng a plur ty of pillars. e nmet hod of
claim 13, wh I Em i rall Gl i IS ormng a
ol aral ity of Py piafty Bl e bl B oBber R s i8I, SRR GG L
conprising: 15 form at . di ssicpati.on devi,ce base. portion. having at
| east one re%regesﬁk éfﬂ%@@rgﬁ%?gﬁhﬁéFlﬁrpFﬁJ?‘lcé'més lp 2&?%1{%( Y‘ffd@‘f%ﬁ%?%@aﬁﬁ n
proj ections; _attachin aid fol.ded-fin.proj.ectians, .sai d.. base portion;
Bnd seal i ng LRierdieteeBrtin aF et onmlt & PRVSIRE VAT BURSREdRR om oni o
base 20 port} rece d.said sealed folded-fin projectjons. 11 WO
02/ 071470 PATRLS0 S5 ol 'fi@roi?ﬁé’“ﬁé?%ﬂapmlc Priél afvamageos barayse they cami ng
di sposi a V\D{Qki ng fluid within said vapor chanmber. 19. The net hod of
claim 1% whi forpedmerg chesphi ang merexpagvemsntly than mashiged of mplded Bpned hpyns
conprises foldi n% a flat stock netal sheet to forma plurality of
fol ded-fin 55iPSojlde foldsdsfin proiectigns 1fdkarp atpched to|adapg nlate 1¢hdnringa sesfs f or ni ng
a plurality of folded-fin projections conprises folding a flat stock
conductive, t46dprad thireigspreferghivdy applichbemelzolden epaxyt 9r the likeolngicliownn
projections. 10

The base plate chamber 146 is open in the direction of the folded-fin projections 142,

such that they are in fluid communication. The working fluid 118 is disposed in the base

15 plate recess 146 and the assembly is sealed (preferably under a low-pressure aimosphere
or partial vacuum).
It is, of course, understood that the integration of hollow projections, as
discussed above, can potentially require a larger cross-section of the projections.
However, as the projections are hollow, the cross sectional area can be adjusted in

20 order to ensure no appreciable increase in the overall weight of the heat dissipation

device results.

' Having thus described in detail embodiments of the present invention, it is

understood that the invention defined by the appended claims is not to be limited by
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5 a plurality of projections extending from said base portion, at least one of said

plurality of projections having at least one chamber defined therein; and
said base portion chamber and said at least one projection chamber adapted to be in

fluid communication with one another to form a vapor chamber.

2. The heat dissipation device of claim 1, further including a working fluid

10  disposed within said vapor chamber.

3. The heat dissipation device of claim 1, wherein said plurality of projections

comprise a plurality of pillars.

4, The heat dissipation device of claim 1, wherein said plurality of projections

comprise a plurality of fins.

15 5. The heat dissipation device of claim 1, wherein said plurality of projections

comprise a plurality of folded-fin projections.

6. The heat dissipation device of claim 1, wherein said base portion and said

plurality of projections comprise a metal.
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5 a base portion having at least one chamber defined therein;

a plurality of projections extending from said base portion, at least one of
said plurality of projections having a chamber defined therein; and

said base portion chamber and said at least one projection chamber adapted

to be in fluid communication with one another to form a vapor chamber.

10 8. The microelectronic assembly of claim 7, further including a working fluid

disposed within said vapor chamber.

9. The microelectronic assembly of claim 7, wherein said plurality of

projections comprise a plurality of pillars.

10.  The microelectronic assembly of claim 7, wherein said plurality of

15  projections comprise a plurality of fins.

11.  The microelectronic assembly of claim 7, wherein said plurality of

projections comprise a plurality of folded-fin projections.

12. The microelectronic assembly of claim 7, wherein said base portion and

said plurality of projections comprise a metal.
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forming a plurality of projections extending from said base portion;
5 drilling a hole in at least one of said plurality of projections, wherein said
hole extends from a first surface to said at least one base portion chamber; and

capping said hole proximate said projection first surface.

14.  The method of claim 13, further including disposing a working fluid within

said base portion chamber.

10 15.  The method of claim 13, wherein forming said plurality of projections

comprises forming a plurality of pillars.

16.  The method of claim 13, wherein forming said plurality of projections

comprises forming a plurality of fins.

17. A method of forming a heat dissipation device, comprising:
15 forming a heat dissipation device base portion having at least one recess
defined therein;
forming a plurality of folded-fin projections;
attaching said folded-fin projections to said base portion; and
sealing said folded-fin projections to form a vapor chamber from said base

20 portion recess and said sealed folded-fin projections.
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5  projections.

20.  The method of claim 17, wherein said forming a plurality of folded-fin
projections comprises folding a flat stock conductive, thermal plastic sheet to form a

plurality of folded-fin projections.
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