| MVERSI ON COOLI NG APPARATUS BACKGROUND [ 0001] As
el ectronic systens becone nore conpact, there is a
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transfer away from heat-di ssi pati ng conponents. Air or
wat er cool ed heat sinks can be affixed to the
heat - di ssi pati ng conponent to help cool the
heat di ssi pati ng conponent. Often, a thernmal interface
material is used at the interface between the heat
sink and the heat-di ssipating conponent. The thernal
resi stance of INMMERSION COQIINGAPRHERATUS can
contribute significantly to the overall thernal
resi stance between the heat-di ssipating conponent and
t he environnment. [0002] Immersion cooling, in which
t he heat-di ssipating conponent is inmmersed directly in
a heat transfer fluid, BAG\K@&@Ubﬁ)tai n advantages in
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Cco0 nents that can be easily installed in a
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conmponent in a cooling fluid. In one aspect, t he

elipirgesht i nventi on prOV|des an i nexpensi ve device for
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I nvention provides a device for cooling a
elagtraniadeg eicesa sghcas, for example, personal computers has been limited. Immersion
cooling systems typically require complex hardware and complicated sealing and
degassing operations to assemble. There is a continuing need to provide inexpensive

immersion cooling components that can be easily installed in a manufacturing process or

by an end-user.

SUMMARY
[0004]  The present invention relates generally to a device for cooling electronic
components, and more particularly, to a device for immersing an electronic component in
a cooling fluid. In one aspect, the present invention provides an inexpensive device for
immersing a heat-dissipating component. The device can be installed easily in a

manufacturing process or by an end-user.



conmponent conprising a body conprising at |east one
sidewal | and a breachabl e seal cooperating to define
wanoosngdesed vol ume. The breachabl e seal has apPCTUBBEI5/035129
surface proxi mte the encl osed vol une and an outer
surface. A quantity of heat transfer fluid is disposed
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volume to scavenge oxygen. In certain embodiments, an adsorbent is positioned within
the enclosed volume.

[0010] An attachment interface or other attachment means can be used to affix the

- body to a substrate or a heat-dissipating device. Some embodiments also include a boiling
enhancement and a thermal interface material.

[0011] In some embodiments, the device is used as a thermosyphon, as part of a larger
cooling system, or as a component in a computer.

[0012] The present invention also provides an article for cooling a heat-dissipating
component comprising a body having at least one sidewall, an enclosed volume, an
expansion volume, a quantity of heat transfer fluid disposed within the enclosed volume,

and means for releasing the heat transfer fluid from the enclosed volume to the expansion



[0012] The present invention also provides an article

for cooling a heat-dissipating conponent conprising a
woea/ohees Ng at | east one sidewal |, an encl oseBCVOk200E035129

an expansi on volune, a quantity of heat transfer fluid

di sposed within the encl osed volune, and neans for

rel easi ng t he .he transfer fluid firomt
volBiet TPl ieqan eTRRTor yobmbe s R dosfes AN ARt the
haﬁ%mﬁﬁﬁﬁﬂgdy@&@ne, the heat transfer fluid can contact

t he heat-di ssipating device. [0013] The present )
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seal . BRI EF DESCRI PTI ON OF THE DRAW NG [0015] FIG 1

is a perspective view of an exenpl [ ment of
t he present i%’czi W{Qﬁxﬁﬁwﬁél{gwd}ate;
(00139161 FI. B £ pliSpd(ié 9 G194 lexOBlary ERBOdEAHT the present

tional Iines A-A of the exenplary enbodi nent shown
invientidtl gasitioned oo stbstpkeacenent on the substrate and

reachi of the seal: [0017] FIG. 3.
oG pEaS KR 2t kitSs S ot i Hbné peigial b a-A. ok tisexepglary
emBS &R AEROvANB FIGITE BHoSl PMEehienfdr3he Subttda@randlbagR AR of the seal;
on the substrate and breaching of the seal; [0018]
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[0038] S oFIG. 498 a SRRE-bafidhal WiewoDin eentplayehoytingmb ofiheprdsent
_ of the present invention having a_puncturing nenber
invgnEoN havinga BIRAIEEEMeMPes g thin a spacing member;

[0019] FIG. 5 is a cross-sectional view of an exemplary embodiment of the present
invention having a puncturing member within the enclosed volume;

[0020] FIG. 6A is a cross-sectional view of an exemplary embodiment of the present
invention having a tether within the enclosed volume and a spring member to attach a
boiling enhancement;

[0021]  FIG. 6B is a cross-sectional view of the exemplary embodiment shown in FIG.
6A after attachment to a substrate and breaching of the seal;

[0022] FIG. 7A is a cross-sectional view of an exemplary embodiment of the present

invention having a flexible sidewall; and



[0020] FIG 6A is a cross-sectional view of an

exenpl ary enbodi nent of the present invention having a
woetds®aondgt hi n the encl osed vol unme and a spri ngCTESH®S/035129

to attach a boiling enhancenent; [0021] FIG 6B is a

cross-sectional view of the exenplary enbodi nent shown

in FIG 6A after attachnent tP a substrate and
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flgures, which are idealized, are not to scale and are
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i nvention and non- IDETA%@DME’EHDEESCRI PTI ON

e Ve Vi x [
(0GR 2 FIGH T shws A EpEaRE R Gt sitb b b8 H EFLE besent
inveHisH pkitonedon 2AWEIratd) AY ﬁao“ih, inFIGOUYa Bddlyl 19 1§ﬁffix)é&¢b 4o
a substrate 12. The body 10 has an internal vol une

substrate 120 fihgibedy 40 hagan tnﬁem@fve}umq thaicontains 3 heat gansferfhd that is
in %’*%’tt%ﬁ m %a%ltﬁabg{g{g ﬁ%p%ﬂgmf;&%ggﬁg&ff&@@mhe g&ﬂéﬁgz In

stra Sone nts
somé embédlmdtsdthbexotly Y0 isaffikel dieswtlydo deiheat-disgipamgrompohent.

26]. I n so nbodl fluj nduits 1

(0GR nodnsme gisdynerts. durcpcondues | Hemaonpsetiodpdy ifsueh that

hevnemr&hsm%dl&uhﬁl Boﬁyflblfé ) FRIeYRhfAldafen With bk B8dling
cool 1 ng conponents, Such as, for exanple, a condenser
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or oval. [0027] In ot her embodi nents, the
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remal ns substanti al y const ant duri ng
operation.

[0028]  FIG. 2 is a cross-sectional view along sectional lines A-A of the exemplary
embodiment shown in FIG. 1 prior to placement on the substrate and breaching of the seal.
As shown in FIG. 2, the body 10 has a sidewall 14 and a breachable seal 18. The sidewall
10 and breachable seal 14 cooperate to define an enclosed volume 28 and an expansion
volume 29. A quantity of heat transfer fluid 16 is disposed within the enclosed volume 28.
[0029] Also shown in FIG. 2 is attachment interface 20. The attachment interface 20
can be used to affix the body 10 to a substrate. The attachment interface 20 can also be
used to form a seal between the body 10 and the substrate to prevent fluid leakage. The

attachment interface 20 can be an adhesive tape, sealant, glue, elastomeric gasket, O-ring,



operation. [0028] FIG 2 is a cross-sectional view

al ong sectional lines A-A of the exenplary enbodi nent
webaen4d7as FI G 1 prior to placenent on the subBCT/AB®05/035129

and breaching of the seal. As shown in FIG 2, the

body 10 has a sidewall 14 and a breachabl e seal 18.

The si-dewal | 10 and bre;a%“% lLe seal 14 cooperate to
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‘H&gﬁntlty of heat transfer fluid 16 is di sposed
ret%gmﬁ e encl osed volune 28. [0029] Al so shown in
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on a substrate 12 and breaching of the seal. As shown
prasentFl G 3, the heat transfer fluid 16 is contai ned
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[00331] er fﬂ(eetemhﬁﬂﬂlhyerbﬁméﬂmo‘bfem o|N tombﬁﬁﬁ@x} offimetal, plastic, or
]i‘lf i %ﬂg er beborac aHatlsg
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celfhflfmé‘ ﬁa@el@%aﬁnﬁlﬁﬁ\’iﬁﬁ]hplerl@éﬂéjgf dlff@xrenﬁﬁﬁﬁt'gﬁla}%; su@ﬁh@'fcr example, a
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memlICDmbay:é rwithea pliastic laydrnghe gembimstiohokmetab phask¢ ,yor cellulosic

layers can also include multiple layers of similar materials, such as, for example, two
layers of plastic.

[0034] Multilayer barrier films useful in the present invention include multilayer films
with layers that are affixed to one another, for example, by coating, laminating,
coextrusion, or deposition. Multilayer barrier films useful in the present invention can
comprise layers of low-density polyethylene, high-density polyethylene, polypropylene,
polyester, nylon, polyethylene-co-vinyl acetate, polyvinylidene chloride, polyamide, or
polyimide. In some embodiments, a multilayer barrier composite having a layer of metal,

such as, for example, aluminum is used. Multilayer barrier films and other films useful for



used in food packaging, particularly those lined with

a pol yam de or polyimde. [0033] The termnultilayer
whasoioes7es i Il mrefers to any conbi nati on of netedT/US2005/035129

plastic, or cellulosic |ayers (e.g., foils, filnms, and

paper). The conbi nation of netal, plastic, or
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low gas permeability. In some embodiments, the burst strength of the material used for

breachable seal is less than the burst strength of the material used for the sidewall.

[0039] In some embodiments, the body is packaged in a sealed multilayer barrier film.
The multilayer barrier film allows the body to be packaged in an environment with a
minimum amount of undesirable gases. In some embodiments, the multilayer barrier film
is filled with an inert gas or substantially evacuated prior to sealing the body in the
package. By packaging the body in a substantially inert environment, a breachable seal

with a higher gas permeability can be used without allowing a substantial amount of



sidewal |l material is a non-flammable material. [0037]
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W%E&Hlﬁﬁ@ﬁt% Enylkddopskihess, tehﬁe@'e?reght@d eLhéRbdpregated are used. In

enbodi nents, the heat transfer fruid is dielectric,
othepembbdiments| perfluerinagaddieianes arg usedni f i cant vapor

(ORRE? o Gt SOSHEk et ATB Bl Gyt it Bfpincurs thereor
useFfofl thepésent ihbentidaate donansichilyfavailabld ﬁromh’ﬁle mhipﬁny, St. Paul,

Mlgr?e?sggac g]%dvr%arketed under various trade designations, including, for example, “3M
BRAND FLUORINERT ELECTRONIC LIQUIDS” and “3M BRAND NOVEC
ENGINEERED FLUIDS”, described in 3M Company product bulletin No. 98-0212-2249-
7, issued January 2003. Other commercially available fluorochemicals useful in the
present invention are those available from Solvay Solexis S.p.A, Bollate, Italy, under the
trade designation “GALDEN PFPE: HEAT TRANSFER FLUIDS” and their
hydrofluoroethers available under the trade designation “H-GALDEN ZT HEAT

TRANSFER FLUID”. Heat transfer fluids useful in the present invention also include



chemcally inert, essentially gas-free, and thermally
stable. In other enbodinents, the heat transfer fluid
whamed49y68 | i ng point that is at or bel ow t he oper/as20§035129
tenperature of the heat-dissipating conponent such
~that portions of the liquid adjacent t he

heat -di s ating co nen porize
hyéreﬁaar@eﬁrﬁag Rempotngk S0 %ﬁéﬂ KeE fhe; t@déﬂ?ﬁl@@twns
vﬁﬁh@@@glpﬁcmﬁﬁmﬁﬁfse%ﬁ@t‘memmﬁém@mﬂsuq%lweeﬁom

[1near, bra ed or cyclic al kanes, ethers, ketones
DuPent, VéuhymgmnnDsla“almj am noet hers, and m xtures

m@?’ir 32@188t!rﬂivg’>%ﬁmpﬁbgﬂ§qngﬁfe Oﬂgfgrgi{{llhgtgc:eh%g slelgclfjde fc()jr example,

carboh @6dnh 3l 1Rt {PrétideSsueh As AbB Ok dakple) Ertht Fl > pin fin array, an array of
perfluorinated fluids can be straig chai n, branched

chamglsnor ether theee- d@me@slwhwwm%maﬂmﬂ themallyrcondyssive metal or
cm%gg qpe ax{lngtanggl tlil1 hgcrga%% Mllpacé f“%";’ ?rgr l{oﬂ%% STHeRL llﬁl%ncements Ty be

ree o ace eni c

furttie Rl dnce b tcWppli¢ation of B msﬂopbmhaboaﬂmgi modlﬂﬁted maitroesplicated
catenary .oxygen and/or trivalent nitrogen heteroatops

featyrgssjon canjllay aBpetures that epange Beiling ae@td@aﬁfsbhy gidtggwcleaton or
1m@ % g{yﬁFJd'szQmWrﬁ Entﬁgmh ﬂﬁi’i Yeag tf@&ﬁﬁ{c@ by (“)utt Manother

I'n“sone e o I ments, hydr of uoroet ers,
embothhrmnt ,2hgbaljag emhaoceman isegratigg tipplicarte thﬂslmat-dismpmdger

mbodi gent f ted ket d. [0042
comiprans h i ho BepaBUaC Rt 20 e hllor  nai ea 11 ul ds

[0044] M XTRY @Emid) i@ PiceiRfENAl 24Qan bBSolBELSIYRAY coMeRfbhL hermal
are comerci ally avail able from 3M Conpany, St. Paul,

compennskesmamonty dneown kethe drty A eertaia embodimentsgithe thermal interface

R kel B g Bl SRR G g3 e atloy based

upENGINREBRPWHL tnkdin liqaidi¢ thelapdrating Shvifepatprof tlpel’ t!hdltmetl interface
buIIetln No. 98-0212-2249- 7, issued January
aArivdr Sedrmaietplapre desiyahle fomea quewwp@t Bgteafrfa pogmally

_suﬁégﬁ & 5?1%1% n fxﬂé’r@ oS8 Blaf ih I't‘t%?lem@iéé}i & &nt E%E@cﬁ%v\’r@%ment

exl s late, ITtaly, er thet
credmdlbg’rthd: pmsedt @GAlcDEdh EH-ERE uskERTconRaNGe ERpoiud 108! o ttbrmal

eir drofluoroet r bl e der.the.tra e
gl gRalt I o FHIERE DA Do OIS AARNARREN ITynipize
[0(545§nsfﬂse fidabliidsipaif ddmponert8 cah 88 ﬁ@énﬁc@ﬁ@ﬁﬂté@&cﬂ'ﬁ For
i ncl udehydr of | uor ocar bon conpounds such as t hose sol d

exymnpler a eanéral ergraphiessirgerasing wsit, apHpgutEed SeEbdipalaryransistor (IGBT),
me\%fqlrjklpnsodf.lﬁen gr ?t%zl%%'ﬁ cﬁﬁ)ﬁ@p%ﬁ@ N;Ecsgral%ﬁ %irc@lp h@SIfd) O %EP nt,
embodiments, the heat dissipating component 24 can be a hard disk drive, power supply,
transformer, laser diode array, light emitting diode (LED) array, halogen bulb, or any other
heat-dissipating component known to those skilled in the art. The heat dissipating
component can also be a non-heat generating structure, such as, for example, an integrated
heat spreader (IHS) that is connected to a heat-generating device, such as, for example, a
semiconductor.

[0046]  FIG. 4 is a cross-sectional view of an exemplary embodiment of the present
invention having a puncturing member 430 within an optional spacing member 417. The

spacing member 417 can be integrally formed with the sidewall 414 or can be affixed to



[0043] Illustrative exanples of suitable boiling
enhancenents include, for exanple, carbon foam a heat
wepoosadess such as, for exanple, a flat plate, PCTVUB2005/035129

array, an array of channels, or other
t hree- di nensi onal structures nmade of thermally

conductjve netal or conposite material that increas
thestidepuadiet 14y dn serae emBpdimeg's. ﬂqﬁég@%waw&*%% ig mp op 8 ditferent
matétfal fi2h t@mgel}faqmﬂw Ho @x APl hEkpRMh fgoﬁ'lelﬂb&] AUQRRHE Wade of a

coating, no ated microreplicat eatures, or
marapgid raatyriatto fatlitaes: bektat seeheiwesn theo bbdnglhamt a substrate.

i fer . i di | eat | [ di 1 .
Lk ARV AR PE A AL Mg JeT BG4S efhgigpressure
flubfla @GR in HERAEIREN oluinB @28 0} 1d fAGIlIBRNBREQIRNGS the séul 418.
coating applied to the heat-dissipating conmponent 26

[0Q47d noAs shommein FIGt érthe penaterning memnberA30hap p syiking surface 432. In

00441 The thernal, .interf rial 2 .
ceth gigor b o g REF 852 BB Bine, AR Ao e a0
cart Bepa@vitionel Ro @it HRtdD epdB3iexTEEs Deydritethe hevdrslrface A9l ciee
material is a low nelting point eutectic alloy, such
spaging membendd fpQuring plaseent of the bedy S a sehsiiaieq fhgistal end
|

453 P34 e SRl L R AR PO BIRBSPIA o e
seald48 sadhl thatfthostrikingesnffecedi?oensraradd pundtutes theaseal 418 causing the

or nal subj ect. to oxi dati on when exposed to air in
en@ﬂ@ﬁ%‘)hﬁ% ‘gg @tJﬁlt“é]?e ‘?*Pém%‘f’%gglé‘mén‘@?r onnent created by
[0043¢ PrISSHk chibo@ithdrd) ticdistAfertdBa ekfn8OBéyoRl thdWtachment
exposure level of thermal interface materials to

interfyegel?0 sudththatithe disted en@ ¢33 isghe Bt elgmenttojcontartthapyhstrate during

kS o THEpRAPY AP R SOTROPE B R B g

attghadRit ©Sprivede dteagransfer fluatv 6 8oth 2hReing decexphusidravolume 429
transi stor (I1GBT), nenory nodule, or an application
and petentially spHiegrated circuit (ASIC). In other

odi , . | 8Si i 2 : .
OIS e SR TR Py T o
beldinatie anachanent inkegfice 420.t In sugh einbddimeh&EDheattachment aiterfrea 420 or
e e R e s SRR R P2 f B

thégm&ntinteﬁabeadmresa@ng@em%ad1n%nﬁaéﬁg R¥orsé bh elody 410
such as, for exanple, an integrated heat spreader

will cuSp thehpunctusing anerelesr 430 tomaveesdativgda ghecsenlrt] Scuoh that the
stn%(lijr?ghsu%séte Ilﬁ coen)t(zfacrf?alm%’ pu%ct%?erpt o QCQPE ff%ausing the enclosed volume 428

to join the expansion volume 429.

[0050] FIG. 5 is a cross-sectional view of an exemplary embodiment of the present
invention having a puncturing member 530 within the enclosed volume 528. The
puncturing member 530 has a striking surface 532 and a distal end 533. By applying a
force to the distal end 533, the striking surface 532 will contact and puncture the seal 518
causing the enclosed volume 528 to join the expansion volume 529. A puncturing
member seal 531 at the sidewall 514 prevents the heat transfer fluid 516 from escaping
through the sidewall 514. In another embodiment, the distal end of the puncturing

member is affixed to the inner surface of the sidewall and does not extend through or



[0046] FIG 4 is a cross-sectional view of an

exenpl ary enbodi nent of the present invention having a
w@oociw7esig menber 430 within an optional spacPOmUS2005/035129

menber 417. The spaci ng nmenber 417 can be integrally

formed with the sidewall 414 or can be affixed tothe

beson (e HawBI-on ACRPPPRTEID AADRF FAP (AP S FE IR Jdewal 0

flef %ﬁ'us &Wlnfﬁ@gﬂb&unﬁé‘ﬁlem{;ioﬁ&rd‘ﬁn@@%acﬂélﬂe 6D 5 PEaktPB8aching the

nore-ri material to facilitate a better seal
seddStiBeen the body 410 and a substrate. Likew se, the

' 4 b de, of fl bl |
(0FYTF ackia- B4 1a S 3medSetR" fev DLER SRanbifSl hradReR of e present
m\%ﬁﬁb@ﬁﬁ%g’@tm widsn Bk ehblofalidlih@hd PERapthaab&ito bitech a
seal 418. 047% As shown in FIG 4, the puncturing

boﬂm@meharwsmemfl 6B s & Friss-sasiipnal ¢ieanof the gxerapleri gmbodiment

s SRS Biarieh Afachplehi BB 58 3o 9 BPung sBR, A shown in

uncturt ng
FIGSS(SAiIan@BE aér&ameem@ezdﬁbdowdm(dcatdsetlieczwrmmo badbeeadied. of first

t he spaci ng nmenmber 417. Durin place nt of th
end OF 6 HEBe IO b AR ) e aah e ieabins 9 SecPpAEAT PLihe iher can

be% Wit s?&qvaﬁfmae%s hgwnmt@ r4g) gh@i%ﬂg%ran ‘ﬂ)@gef()?rng@\éﬁher

ative to the seal 418 such that th trik
temprrrﬁxalgmr@@ﬁnmmﬂl;ac’aesmmdleptth@tﬁﬁ)rtesbrttahb tlmhl 64138 Alternatively,

B B S IR R Rl b RIS B i

Ofmog?%@ads beyond the attachnment interface 420 such
he distal end 433 is the first elenent to

(0@t ac@thentschnifussifar reachingigp iatareal fiea known te hosegdljed in the art
e o CobSEA TERS B Bt e B b

thrédgh fhlé Qidewiall @nd bsh bdisresctipd 08 tam)ved Iby a2y grasping and pullmg a

potentlallg spilling. [0049] In ot her _enbodi pents,
tabgopnggtedipghe geab&&m Q%ﬂé‘a‘)faﬁbﬁ ey kgt @Wﬁ%ﬁbwlmmafthe burst

strgﬁioggf R SrékhdSENMs shﬁfc%nftl@rqgw% thhprediait apghed to the body

ments, the attac i nterface 420 or aci ng
cammsrﬁrerprdstﬂreom memaclmctbvdlnmmtcalmmam amisnupluee thatbmalcmble seal.

ressi on of . ej r tach interface 4
(0GEE! na e o §AE At 3 TOPCEPGH Tk 6 g s clip
64%6 hff&aHs At EhRACSIE 62D10REBELy 6H0 A thetYEintefladd nvrial 624
to the seal 418 such that the striking surface 432

cae beiafiaed tathd bpilingtenhansemiat €22a | The reainamesilings perl to facilitate
plaecgr(r:ller?ts % bOcl)ﬁ enhanzc%megt 4)19 5 Red: *b‘?ssﬁ)éﬁﬁé‘ﬁé&& élﬂ',l zﬂrﬂﬁecﬁt% a substrate

612. In some embodiments, the retaining clip is made of a resilient but flexible material
such that boiling enhancement 622 and thermal interface material 624 can move relative to
the body 610. The retaining clips can be made from metal, plastic, or any other material
useful for attaching components known to those skilled in the art.

[0054]  Body 10 can also contain small amount of reactive metal, 652, such as
activated nickel intended to scavenge oxygen that might be inside body 10 at the time of
manufacture or that might enter at the time the device is installed. Body 10 can also
contain small amount of adsorbent, 650, such as activated carbon or other suitable material

intended to scavenge less volatile materials, such as, for example, low molecular weight

10



[0050] FIG 5 is a cross-sectional view of an

exenpl ary enbodi nent of the present invention having a
w@oociow7esig menber 530 within the encl osed vol pOEUSRH85/035129

The puncturing nenber 530 has a striking surface 532

and a distal end 533. By applying a force to the

di stal _end 533, the striking su face_53§ Wi | | c tac
polyimer Y plabibzerhealashicier thll qaEhpVer Bme e CsLeied B

ma@grﬁaﬁ e doﬂﬂa@t wie th@fﬂﬁtﬂ fhPhe Héﬂokﬁ'ﬂé'ﬂ A 25 bl REGETAE | Uﬁﬁlptmg

nber seal 531 e sidewall 514 prevents the heat
peﬁbumsm&r fluid 516 from escapi ng through the sidewall

o ther _enbodi d of th
005 H o JFichg e rber sronskal Bbe Tt SEPogherh 8L g present
mJeHﬁor?* h’iﬁ@f@b FleABR siReRINAs BsivaRe FIGr R dehbolymyeas hivtea

In such enbodi nent, a force upon 't he

ﬂesib@emmi/alb’él@s?ééxqm asipéeing nembsr 71 ysinga Sangn 1449 In geme

enfyPREAATL DR ARRTRE b QAR F {BERERCRARLSo SERlanTARY Pbflr sheets

of ﬁ’faﬂﬁﬁi fhacie 06adedtb dve ahothdt a@ﬂiﬁiﬁﬂie@ﬂpﬁe@ﬁb ﬁd’hﬂﬁ?ﬁﬁal 015.tlh&uch an
resent invention having a tether within the encl osed

empofmea. ahrisidevet 7 chaﬁé‘ﬁﬁ’@ﬂs% Beaksealee QIIBNhlaF ¥ be thermally
bofiABCREE R ther 1PyeGRihet dhnifolaRfciy S A ARt R cal e

exenplary e 6A after att ac nment
thdrmahy boretitathe flande B44 almhother exnibotitmerssa ahe sidevahbMns iaffixed to

teth 40 b 1
thelparing R BL 7B hettoing kppoito e Spliee g AHRc ke, for

exérﬁpl@fzidhéﬁde hid hb@hahiceptbedre seal and the second end
the tether can be affixed to the sidewall 614. As

(O&i6bun The lachme meffecciEyis v 0 SOMREbIBOY 310 g subscate or
neq(FRGHRpR stmBlntE ) TR GR]osta bR DY pRE bR Vol Fag pre

comec byttt thelereadhdblaakil "BBthfaha\tmigtthelﬂdfm bﬁns{feﬂ fltd 716 to
manual 'y outside of the body 610. [0052
flopeiatming grransiop vBE¥cH N g h@rbrwwhét?lﬁ affal db Faml??olvmﬁaqhsd using any

of gﬂ%gﬁngpg&' degﬁ%eﬁglr)&%remlg %rﬁéﬁ[ég%ﬁﬁn&brm ScmlEQ{dewau such

I'n" ot e sea
as badyehids thethreachble benl 91 8 swapturahisy maneaebeg theqmcdsmd inthe enclosed

enpy.ed manual | and I|n
volGRAR: Gipe e PHE cab bf ETaNRERK D piasabihemg i feyileidewal
7lﬁléﬂﬁéq;od?|7’p@di ments, the burst strength of t he

breachable seal is sufficiently |ow such that pressure

[O%ﬂbl i Q. dBtika ciasshyeatignsledew o€ tmreég@nm ¢mbediment shown in FIG.
7Asare}-§ ﬁac%men Y su‘astrﬁtg ad g%&chaﬂ]g of HE§&H1 €Ak hﬁO\pl{ ﬁlalglﬁa Qbethe

body 710 is affixed to substrate 712 using attachment interface 720. A heat-dissipating
component 726, such as, for example, a central processing unit, is affixed to the substrate
712. A boiling enhancement 722, such as, for example, a microporous coating, is applied
to the heating dissipating component 726. After the breachable seal 718 is removed or
broken, the heat transfer fluid 716 is allowed to enter the expansion volume 729 and
contact the boiling enhancement 722.

[0058] It is to be understood that even in the numerous characteristics and advantages
of the present invention set forth in above description and examples, together with details

of the structure and function of the invention, the disclosure is illustrative only. Changes
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[0053] Also shown in FIGS. 6A and 6B is an enbodi nent
that uses a retaining clip 642 to affix a boiling
wenbaneewent 622 to the body 610. A thermal i nPeTAU8m®5/035129
material 624 can be affixed to the boiling enhancenent
622. The retaining clip Is used to facilitate
pl acenent of a bojl enhancenent .on

cabeas osdegaib, cha@w MRS oL FHAPRci7q P LATaNBeP PR Of the

t M@ﬂ#%
brepfablq %s?ﬁ%n&‘%“?dﬂ?‘?ﬂéx‘?%“e& ook BRI rifliples oP hEention to
theeﬁuﬂa:mtﬁatmxdtca&ﬁbyammhmngaf thie terensfin svhighethe pppendéd dlaisesare

nove .rel ative, t bod 0. Th taining clips can
expgsseH grd fahﬁ }%5 s O?EI‘Q;% ¥ r%cjtu‘i?ﬁ a%‘ﬁ?eg‘loﬁ%r mat eri al
useful for attaching conponents known to those skilled
in the art. [0054] Body 10 can al so contain snal
amount of reactive nmetal, 652, such as activated
ni ckel intended to scavenge oxygen that m ght be
i nside body 10 at the time of manufacture or that
m ght enter at the tine the device is installed. Body
10 can al so contain small anmount of adsorbent, 650,
such as activated carbon or other suitable materia
i ntended to scavenge less volatile materials, such as,
for exanple, |ow nolecular weightpolynmers, W
stabilizers, or plasticizers that nmight over tine be
extracted fromthe materials in contact with the fluid
and be deposited at the boiling surface disrupting
performance. [0055] FIG 7 is a cross-sectional view
of an exenpl ary enbodi nent of the present invention
having a flexible sidewall. As shown in FIG 7, the
body 710 can have a flexible sidewall 714 affixed to a
spaci ng nenber 717 using a flange 744. I n sone
enbodi ments, the flexible sidewall 714 conprises at
| east two substantially planar sheets of material that
are bonded to one another at their periphery to forma
seal 715. In such an enbodi nent, the sidewall 714 can
conprise heat-sealable filnms that can be thermally
bonded to one another. In yet further enbodi nents, the
heat -seal able filnms can be thermally bonded to the
flange 744. In other enbodinents, the sidewall 714 is
affi xed to the spaci ng nenber 717 using any means
known to those skilled in the art, including, for
exanpl e, adhesi ve and nechani cal fasteners. [0056] The
attachnment interface 720 is used to connect the body
710 to a substrate or

12



heat - di ssi pati ng conponent. The encl osed vol une 728
and expansi on vol une 729 are connected by breaching
wo b@olosgexhabl e seal 718 and al | owi ng t he heat PCT/ERED&035129
fluid 716 to flow into the expansion volume 729. The
breachabl e seal 718 can be breached using any of the
i.ped above. In certain enbodi nents havi ng
VvaxﬁﬁggﬁﬁﬁgiéﬁégMall such as body 710, the breachabl e
seal 718 is ruptured by increasing the pressure in the

encl osed vol ume 728. The pressure can be increased by
mandal | y Aocuiede thg:OPh@ ] h@@hdmswagngiewamnemapr@pnsme

?ggx 8?%%%?’%8’?/3% s1 s{;gg\]‘lln nlrdgst]irlaﬁ%ggl&%gzﬁ tcoXﬂ)e?XYmg to define

an 8fidlé¥e Velimd, ©aiad bﬁdabﬁdb'l@ieal Ravharciaaér sugfaed ploREn@eadid enclosed
As shown in FIG 7B, the body 710 is affixed to

volymssnd an euter surfacendndat t achment i nterface 720. A
hea et
a cé ?r yg?%%gggﬁﬁg un??kp&&ﬁg?ﬁHﬁggéggﬂ§ﬁ% su rate
712. A boiling enhancenent 722 such as, for exanple,

ed to t ting.
i 53 pat The SRl by Berolapis ek Gansie Lk pprablises et least one
of iZ g@rg:u%roﬁmﬂ & dRSIURE QA RIDN, ﬁﬁﬁoﬁ‘&ﬁbetﬁé@ﬁ‘ﬁ %rgﬁgl‘gg&oﬂé(s

owed to enter the expansion vol une
contact the boiling enhancenent 722. [0058] It is to

gﬁa ggf gﬁ’ 18Le 03,? S\,‘gh?rgltélgselcﬂ?rg%ech%g rS%% gﬂ{nprises at least one

of 4 PYI§HHet Alin SEthetaDfdilNanda ARAMSyed B8kt Ailrhon and exanpl es,
t oget her with details of the structure and function of

the invention, the disclosure is illustrative only.
Chapgesc , r
Chagaes e R PA%158 Sehatn RS AL Led BoABHLE
straigdeﬂmﬂlblanmmhidm“aﬂ use within the pri n(:| pl es of.
the invention to the full extent indicated by the
nmeani ng of the terns in which the appended clains are
ex pEess eqhandicle Vi B 1V@h&&%%aﬁf51&éml%o§{ﬂdé&t NERT GRS a
ods. WHAT IS CLAIMED I'S: 1. An article for cooling
polamee fitm i weiaptuili, and ¢ owpdayenbaienfithsi ng: a body
conprising at | east one sidewall and a breachabl e sea
cooperating to define an encl osed vol une, said
br egchabirge afidle JTaViIMSP WRerkinie lcaStd pertién Bf $¥d §TBéwealBRI d
encl osed vol une and an outer surface; and a quantity
substanfaldy trensapréfler 1 uid di sposed within said enclosed
vol une.

7. The article of claim 1 further comprising at least one puncturing member

comprising a striking surface.

8. The article of claim 7 wherein said striking surface is positioned within said

enclosed volume.

9. The article of claim 7 wherein said striking surface is positioned proximate

said outer surface of said breachable seal.
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2. The article of claim1l wherein said heat transfer

fluid conprises at | east one of a perfluorocarbon,
whyawoid7eor ocar bon, hydrof | uoroet her, and PCT/US2005/035129

perfl uoroketone. 3. The article of claim1 wherein

sai d breachabl e seal conprises at |east one of a

ol rofilm. al_ foil,.and [ tjlayer harrier .
P1HB™". Thidhisl T, Shersinniis Grdshisbly ST afed i6taia
sidevepchabl e seal conprises a burst strength that is

| ess than said sidewall. 5. The article of claim1l
wherein said sidewal|l conprises at | east one of a

o1 TG, Thiabh fFfin | e Sehable YT RV

portion of said sidewall is substantially transparent.
7. The article of claim1 further conprising at |east

one 1Buncillie artislafimbdm EBwher comprisingatleast org tsther havang one end

aﬁﬁwdgggﬁgg&hcle of claim7 wherein said striking .
surface s positioned within said enclosed vol une. 9.

The article of claim7 wherein said striking surface

is sitioned. proximate_ said outer surface. of said .
by 19 nb/1Be Seishe Sh ol fuher camaprEmE s oAt ton reGing said seal.
said breachable seal is affixed to said sidewall. 11

The article of claim1l wherein said breachable seal is
r end¢abl dhe agiclelfeclaim i Birdienfomprising d refactiterpetal positioned within
Sm?oggr% kpggﬁg | east one tether having one end affixed
R " 13. The article of claim1 further
conprising a neans for breaching said seal. 14. The
article of claim1 further conprising a reactive netal

posildi ond#e itick of daimgl Brheneupprising #headseebentpsitioned within

Art i aim1 further conprising an adsor bent
Smggé+lt8%e§n\§gll%'t hin said encl osed volune. 16. The

article of claim1 further conprising an attachnent
interface to affi
?6. %he atticIe otx claim 1 further comprising an attachment interface to affix

said body to a substrate or heat-dissipating component.

17.  The article of claim 1 further comprising an attachment means to affix said

body to a substrate or heat-dissipating component.

18.  The article of claim 1 further comprising a boiling enhancement comprising

at least one of carbon foam and a microporous coating.

19.  The article of claim 18 further comprising a thermal interface material

affixed to at least a portion of said boiling enhancement.

20.  The article of claim 19 wherein said thermal interface material comprises a

eutectic alloy.
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said body to a substrate or heat-dissipating
conponent. 17. The article of claim1 further
W@ oupNigs$g an attachnent neans to affix sai d boOys100s/e35129
substrate or heat-di ssipating conponent. 18. The
article of claim1 further conprising a boiling

enhgnce t conpri i.n t . least one o arbaon foam apd
"By oot ARl an TG RlthereiPn et poihE ERinFATIgN altned t

Sala%gygyagagfgfﬂgsdh@g a ther mal interface materi al

affixed to at 1east a portion of said boiling

enhancenent. 20. The article of claim19 wherein said

t he erfac rrater ses u

62 SRS aing SREGE P BE ST 1 ng a

boi l'i ng enhancenent affixed to said body by a

retaining clip. 22. A thernosyphon conprising an

art 23l e g&)@heg RYpters cemprising an grticlepceerdingrtg chj@tlem

conprising an article according to claiml1. 24. A

conmputer conprising an article according to claim1.

25. 2An aA donpatdrabmpeising ag aetidieadcortisgiopddinn

conmponent conprising a body having at | east one

sidewal I, an encl osed vol une, an expansi on vol une,
quansi t YA%farlr@@?ortc()@Pﬁ’é §ﬁed‘t1d¥§s$aghg°‘9&ﬁ§(5hewt &d?h;?;hs%@ éjbody
encl osed vol ume, and neans releasi ng sai d heat

having et ofi¢ sidewdll, @megdp@bdemhlm@d ewpansivm odura@jadjuantity of heat

e si,Qn_vo
T Aoy i S5 gnclSocl ol R e L G Rl st heat
traigéd flui@ FOGAdaRDENcldkEd K oluliéqd esidleRpihsicindlghé.uor oet her
and perfluoroketone. 27. The article of claim 25
wherein said sidewall conprises at |east one of a
pol yger ﬁ'hi@tlcﬁl (ﬁ%‘i;ﬂ{n iﬂflerelﬂ@gld%e%ﬁs%e?m{ &?ﬁeﬂ'ﬂsgg at least
film stem co an ar
onﬁﬁﬁ}ﬁp&iﬂﬂl@obﬂboﬂ mymolﬁorcﬁﬁrboﬂg lq@msﬂﬂoeasetl@@nmd irfigpraketone.
article according to claim25. 30. A nethod of
installing an article for cooling a heat-dissipating
CONMpPNEeNiTL L ORRd 6ticim B hertifYaid sRRWAIS n|§é’sba‘i idadt She of a

supporting a heat-dissipating conponent,
polymer film, a metal foil, and a multilayer barrier film.

28. A cooling system comprising an article according to claim 25.

29. A computer comprising an article according to claim 25.

30. A method of installing an article for cooling a heat-dissipating component
comprising:

affixing a body to a substrate supporting a heat-dissipating component, said body
comprising at least one sidewall and a breachable seal cooperating to define an enclosed
volume, and a quantity of heat transfer fluid disposed within said enclosed volume; and

breaching said seal to allow said heat transfer fluid to contact said heat-dissipating

component.
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conprising at | east one sidewall and a breachable sea
cooperating to define an encl osed volune, and a

woea@aioid7gs of heat transfer fluid di sposed w t hPOT/&82005/035129
encl osed vol unme; and breaching said seal to allow said
heat transfer fluid to contact said heat-dissipating

co nent, 31. Th t.h f.claim30 further ..

conbiT o1 e Hiethad sigTamc i BriPitia atfi e g boiling enhancement
to fe@hedlidssipanhg BempeERenent . 32. The nmethod of claim 3

1 wherein'said boiling enhancenent is affixed to said

heat - di ssi pati ng conponent with a thermal interface

mat ghi al il S t LCoaldl 33, £

o ata; me TRt Attt ki s finenadCanelE Mfea o

saifl Gl stediSibatiag @bmipeaait withpathérinh imérfs@intaterial comprising a eutectic
heat - di ssi pati ng conponent. 34. The nethod of clalm 30
allher ei n sai d heat - di ssi pating conponent conprises an
integrated circuit. 35. The nethod of claim 30 further
conprising placing a condenser in fluid comuni cation
wi t B3sai @hbowyhod of claim 31 wherein said boiling enhancement is soldered to at

least a portion of said heat-dissipating component.

34.  The method of claim 30 wherein said heat-dissipating component

comprises an integrated circuit.

35.  The method of claim 30 further comprising placing a condenser in fluid

communication with said body.
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