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[0033] The term multilayer barrier film refers to any combination of metal, plastic, or
cellulosic layers (e.g., foils, films, and paper). The combination of metal, plastic, or
cellulosic layers can include multiple layers of different materials, such as, for example, a
metal combined with a plastic layer. The combination of metal, plastic, or cellulosic
layers can also include multiple layers of similar materials, such as, for example, two

layers of plastic.
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Phar macol , 2000; 1 3):420 423}) I ncor por at ed

hea&@ﬁ%r%m@@ompmrmucfﬁbﬁt Royaonscof Ahipligrid adireand Hteshesﬁdmwmg
confBul i oL Sonliidated M T FRRP Byl sl e

frorh (eaBpeShtdtive cBUs 6f flu@inatcdmehs mbﬁédm&ycﬁb Hllkamdsthafs
i nvention were pre-incubated with SK-N cells fgr 15
ketawps (@rEAT AP AR AIMOSHICEY 2eskyxtiiss Hlerenly feiupt spbodiments,

ARSI i, B SR8 o
be b Tespeefitorizteaidluids cap tehstrai ght Clsain, dagreshed almdn,idyslic, or a
trat d d b
compneian thenah. SpHoTDs PEESCIen B NG RO AT P A eh bR Sbaced.
thatég Eﬁre%? 'eﬁ’lyﬁ%lﬁ.le 8GN ienit G HShMESuBfuatfoAl q‘l‘x'e%kﬁgtay St can

test ed conpounds of invention were
inclodd cmtenargeok}tgen bad/antrbvgleni mlt@genshcttbregltoms tprdidiag stabdkoléks

de t inhibition of ced. c

betgg 1RGN GHOUTR AnH AB FagsTeang wees el E E b Hstpompouna
follows: A 0.1-10 nM B = 10-100 nM C = 100-1000 nM
D > 1000 nM VARI ABLE PGCSI TI ON COCLI NG APPARATUS
BACKGROUND [ 0001] As el ectrdnic systens becone nore
conpact, there is a continuing desire to increase the
rate of heat transfer away from heat-di ssipating
conmponents. Wth many heat




transfer techni ques considered for conpact devices, it

is difficult to provide sufficient cooling for
w@ovposset s Wit hin the avail abl e space i nsi de PEEUS2005/037078

devi ce. [0002] Although forced air convection has been

used in small el ectronic devices, such as, for

exanple | apt op. conput er s, forced air convection
In sorae pekediments. hydietlperasthetsgither segreeatadimonseeragpted are used. In

othel EHUbG ntsog%%ﬁﬁa‘%ecﬂdétfnﬁ%'a?é‘hseﬁoo' ing in a forced air
convec ystem generally creates an undesirable
[0038<]>| S eRbmmntaemd exanpleoosiuitablediuoeinyted iffuédsion mprturesithercof

ces. [0003] Anot her neth
usefﬁlefér the @gt%lgm 10 SHEMEL1R ﬁm‘rat}é'gle %ng MLCopgyy Sy Paul,
Minh&ofe, tapg Rketdd GARE GriRRYradd Eié‘sﬁ tlr, Mt Ghe B8PS A fe, “3M
general Ty made fromflexible, ab e, and
BR&NDEW@RR&EBH‘@IEGWN j.(7] éIQHQBS’a pd FINMIBRAND{IROYEC

EN@@%@’@%}BW”;&@V '351@ d ARy p ”gtrq%:tl'gé‘n R:268 D212-2249-

7, 1s§lﬂ%ﬂ' YRR 2003 [ @%ﬂ&oﬂn@f&ﬁ%ﬁaﬂ%lgﬂhofdcﬁ&ﬁfcﬁfs WRE@iBin the

have been used in sone cooling systens, the use of
presphidnygritionaamibse avrad@@c fionsHelvay SplexisSomAc BaBate dealy, under the

trad? H‘?‘ﬁlgleaglbn east I'n pjfa_tlrﬁ)%[o'gecg{‘r‘qsitlh‘I Eﬁpﬂﬁ”l E“%e el

hydmmufﬁetms anvdhbla bh@ersmﬁ@de/udsiynmlérh‘e{@msem zﬂ" }meT
uter and their surface area requirenents f

TRAeN gE%R i 1D0 o Healgiransess Shudnsrigpipl i the peesprt 15V%iﬁplat§ellwéude
hydll?)?l% r(}cgrb[%%&n%gul#dg%ﬁﬁ? Y& softt| 1Fc{er Iﬁs'}pad@fdfeﬁ tidns
cool'l ng syste or co I ng sna ectronlc evi ces
VEBHEUHHSBE@LXETYH&IHE@”mhd§ﬁ§bexREERmﬁERme(ﬂ§VMmﬂdﬂeﬁnnl
Ng@R 000 The present invention relates generally
Dubogt a%%o1 i ng el ectroni c conponents, and
[003F" & RS rxﬁ%ﬁh INGS! DA 8nd OB § réBAbiAHOURkSN tﬁ@heat transfer bag
surface exposure to anbient air according to
2300Wbcaman@ndﬁﬁdsnlﬁmécommnmamdenmm@th¢ﬂmwmeoasbanbmsﬂh@

devi ce func th r. p 0006]. one_aspegt
Wltla)lfl tfg%@s?ﬁ/g@éﬁﬁ 1§ ﬂ mﬂ?% 138% f(t)l \]1?)%%% e mgtaﬁlc and
can BORLANE cARARE Al tPanSRIBS héde $roth & H@eﬁkﬁs@ﬁﬁh? nent to the heat
expansi on chanber having at |east one sidewall that is

transfeh8widrvithin the henﬁearrmi beg 28¢ Thenmel vips es@ulof@v\ﬁrer heat transfer

e e L

incoggutateé by heferembeine of the expansi on chanber when it is
fully opened, or any other vol une between the cl osed

[004P3] | mReSERYPIE 140 Cfaarheyasebew GRadyihbetwiasa the eraatipn ghageper and the
hcatl(;tﬁs} lgart)lﬂg ltng%%n‘? nth &héd eﬁ% ettBS ﬁtﬂﬁ%&ﬁ(ﬂﬁ@?xt&nﬁi' 5 4 heat

—

pr oxi ma an inner surface
tranﬁenlxzig;raﬂtcél dshor emhpis,ezdp1pe bnmbe, ia raffm:d to tHedreastwarfsfar dag. In yet

opposi te the inner surface. A guant.i of hea
furtiel BRDPEmanS, P GOM B e BL L EESGi O I TUR {1 1B I et bp ik fuid
con(ﬁﬁlde)&élﬁaICtbstﬁ@lllea?ﬁgts?@}\bﬁé i W RERtdeh $he BPahdibPBhamber and the

proxi mate the substrate to a second position as the
heatghssipting comlpumt ekpamdsar fmbordinkeat, far plmtahtbmﬁmpansmtt ¢hambers

sre GRSTERRSHIE] S Es s EormPi SO AP R i paPrisestol with

one PRsthdd on cool i ng apparatus. |In yet further
enbodi nents, a novable nenber is affixed to the dista

[004dhde (brﬁattdris,sirmtiug abmpynept ceolgzhwiihéhﬁ meﬁmbéwgntiqwa@dmt

nent s, a era es.W th

sem AR Bleiag or e e ey AR SEhERsifh by gputared
end to be proximate the substrate at sald first volune
of said expansion chanber. [0008] In sone enbodi nents,
the distal end of the sidewdll is at least 1
centineter away fromthe substrate in the second
position. In other enbodinents, the distal end of the
sidewall is at least 1 centinmeter away fromthe
substrate in the second position. In yet



further enbodi ments, the distal end is at least 5
centineters away fromthe substrate in said second
w@oshiwsw [ 0009] In sone enbodi nents of the pPEBES1005/037078
i nvention, the sidewall of the expansion chanber has a
corrugated portion. The sidewall of the expansion
chanber can al so i nclude an area adaptable for
gatgibigpsilanytiangistor iR h), oenibine npdalehocarbapplinaionspseific éntegreted
.t N osed, vol .1s at said .secopnd volune. Th )
cir DB B gt Seind B i TPt £ gy hard disk
drivd)@ofuef Sippt|ttaiEforthé}, ROSPRIISIEAEHy TR Rt emitthg BoRAMHD) aBhay,
the expansi on chanmber conprises a geonetric shape that
halpgemblégmreanm@wr hpw-dissinaging domponemb kiewmto thhse séldasiid the art.
. spects o he pr.esent
Th Bt Wesigatig Rombheib O ARAREL BuPhodt BindHf ucture, such as, for
exanopteqLuni iaeiiaed vdat Sprédver (TEES) tichit %d&ﬁédtéwt&@m&g&ﬁﬁraﬁﬂgrﬂevice,
one_enbodi nents, the heat transfer fluid used in the
SuCH, 2508 FEMBIR ehisECBioT ses at | east one of a

fl rs t
O ey CAr S rney Bt Y EE bR BRlmplhly B gR ef Bfq present
invpntgmeintthé closat pasitiont Hes shbdeum FIG.EA tdnexpxisioistiamber 316 is
chanmber conprises at_ | east one of a polynmer film a
POy Bepygen . Bstﬁmﬁm T}%@PV Fmegier 1 Theppepsiqmehamber
316/@drhiNes a RRRWall 318 400 bk s ARRALBESvdHimE & (gfaﬁﬁl?/rbtf heat transfer
invention can be attached to a conputer chassis. The
fluid 348 d» Hispessdivtithim thesotlosesl egbpae.at us of the present

0B8RS AR S5 TS FRTBRISH bt

atta¢chAmeatiherfaos 36 Affix6@ 8 the GutRRRRI AUY The @APArsfRSch@mber 316 also
suhbstrate, a novable nmenber that is novabl e between a

hasga istal 616s32¢; with & mevable awsarher psashmenphintesfage 38 efipad o the
f i nat d, ..
oGSl 3P IRAISARAREASLE 58, SPU By g o

322, B24 oamybdhfixowk ndiag an ddtes®sB3dpsi on chanber is filled

Wit h uantity of heat transfer fluid. The novable
(00 e Fi6o TR s HoRETToR Vi ot thg s3¢mplary embrdimentsbewndn FIG.

AP AR R0 O B Ao
chambew 3 Hebasmao veddsydydrons dwl subgirae Bkt Tloh meveunadrit of the expansion

chafRER 0 T BB S FF5oa 5 RYAPIS S ORAE (o PAErE TR Ehe
sub@ifde 314.| RAEInEAS tifd SlRMRIfabd1$ils éflstFe? %iﬁ%ﬁ[‘gl@isle&ﬁ%ﬁed to ambient

. é/ir;per meabl e to fluid. The sidewa efines an encl ose
air 324 ipsgoundiag thescaplipaasheimbly bt ween a first vol une and a

100757 6 TE ATt ko 5P Rl s S et OF ety B

presk witlgih @aslestManahe PLESWHeR tHeApEQsrd il8hSéaNal holushe 320 is
nove as the expansi on chanber expands fromthe first

lowfgi8u e hest-difsipains eRMRASETIHE OPERIEADERERWET), t coplimEssembly
. WA, [ i ew of :
s10JNINE £ YT 47, by EoEE SRREE bAE ot bEY Bhis v
substhioiadly ipsadated from doidiflairf35@, AsBhé pressupetisie ehélyedwioBihe 320
. .of th exegplary_eandinent shown in FIG |TAin the _
1s I%E@ﬁedgﬁs%-tt b AR IPAIING FQIMPONENT 1§ Operatipg &t lowcpqviihthe cooling
: . r t S
s B0 AR oBATRLON 0, 41 PR Souleduflecth RS GRYan 18
willtheexpasedpd ampidneaitr 354 sursdundingabe sduding apparttuS31@ALikewise, as
showi ng attachnment interface areas,




[0019] FIG 3A is a cross-sectional view of an
exenpl ary enbodi nent of the present invention in the
W@ bk@msotsposi ti on; [0020] FIG 3B is a cross-seck¢DOs1005/037078
vi ew of the exenplary enbodi nent shown in FIG 3A in
an open position; [0021] FIG 4A is a perspective view
of an exenpl ary enbodi nent of the present invention in
thegmessprerin gesinclased wolupie320 ngdesrdneed te.sthp beatf BSRPYinE @nponent

. 4B is a, perspective vi,ew of e enpl ary .enbodi ment . .

is Qhpptime R B e cqdE afisutol 3 fE PP isRinh g B lo e gosition.

[0048] @ ARSERE @hiboainven@V RS sidv a8 BBREN v T BOSIEdBIH cepthin
the present invention in an open position displaying

empedigieats, hnajsiewalindie paipstale, mdzhe snqveabie orepher Sermn @ efraanel that
i f . : dj ' fol di ng.
pe B BB G el bRl St ey bo s

to fuitger @9l thelsidehvatir e i deal i zed, are not to scale and are
intended to be nmerely illustrative of the present

[00¢ AL, e ntlp @A ditinn to\Bisraasing theprpossdsarfaeroithecrdewail @nthe expansion
-ner, LV,  ew.of

078} Biohy QUSRS A e s

thesobsttateoaneldnoveabld m@hbgr geoemily arcreads asthewrpansidnl dBambéy, opens.

a, hovab) e mber 12 is connected to a substrate 14
TherWéfe??PLSJsst‘lf eafa e?‘%“???e"%ﬁ%%&&’?ﬁ%te OF moyablg magptey can peased to
m”ﬁgﬁEE?EOEQRQB“ﬁgﬁHﬂkgﬁ 11. In FIG 1A the novable

2 is shown in a closed position wherein the
(0048 abIla centarh embodinientss thextypeaansl quastityud heataransfes fluid is selected

0027] _FIG .IB shows ers tive view.of .th
to G Piesyy e b g et YR P e bl A mO bR dh shsouss the
expaBEIbE &halﬁbeib@mn'g dpewaBethe R g dibRpatiidofipdnéitSs operating at
novabl e menber 12 is positioned a distancé from

high ppwer. adneother emijodimestin e type mdzjuangty of heatisansfardhwidisselected
1 it i h y
to Bl ZBreRc PR cBLAMIR bdntmPr BEBRA R HARRRE iy Ehsps e
expAnsibolgenbens R follg vpen W thdinaxinhién epg@ast powalEnienat-Esipating
causes the npvabl e nmenber 12 to nove relative to the
devigeudengrpeqigd enyEonresiial canditionser 12 general |y noves
r p : .
00 e Saie BB, 1R AT (b thowhfbobPtates with he
substpate bhe theendnableliRemberap atdage aovesorathayndvablerhémber toward the
substrate. 14 a ressure W thin.the expansi on chanbers
sub3tgate< i o £lprianb I OTHRAISE A SN RSP R BIaL G gny other
meHaBisAIERREIOWRER sﬁcﬁfed%’ffrﬁ:%ﬁoﬁ;?ﬁlﬁﬁlg Aeridife FHRE! Tfddte
in the closed position is |ess than about 1
embasiimpntes the biasimgandneber énbeptingmonnectinp ¢hediubstzate end dtewma@able

t he npvabl e nenber d.the subsirate in the closed, .
meiphS TR Aor A NERaCt AR rea e bt Roie o O G Boer in
moidp Floed ae yd¥RInTo alcRedhdidit EnRemREbOARNSY, She retractive

menber and the substrate in the closed position is

forqecof $he bigsing plstrenbiszeleetsd iellay the[espamjon ¢hageeto fully open at the
i i Ve bl nb
norfADAER Brpbdfiu e bEAEREE ATIRE IS0 0 8 Than

[008@jout FIGceAtd apdrepectivé vietvhefran @bagiafeahboditdeat ol thé prRsent
bet ween t he novabl e nenber and the substrate in an

invesiion 1 81 PPTHPPSitiondisrlayipg i heasbehape. Eht4Bistadgesspeptivedew of

i . St . vV .
e b i B1CE 5L A R I RS n FIG.
4A ttivarexpiisiton dhaabotsi416taes moutod 30 bppdsing sAdesi of asubstrate 414. The
cross-sectional view of an exenplary heat transfer bag

subgffate i {AneReATY PerpReithayRllows thertepansion Shaggbess o herig thermal
heat transfer bag 230 conprises a plurality of
expansi on chanbers 216. Sealing two filns together
fornms the expansi on chanbers 216. Each expansi on
chanber 216 has a seal 232 and cut line 234 around a
majority of the




peri neter of the expansion chanber 216. [0031] FIG 2B
is a cross-sectional view of the exenplary heat
W e@esi®sie7 bag shown in FIG 2A show ng attachnmeeir/us2005/037078
interface areas. The substrate attachnent interface
236 is located on one side of the heat transfer bag
230 and affixes a portion of each expansion chanber to
commmingnakien withe, heahdissipetalg devivenihe soraé embhdierents, theasnbsirate is a

ocated, on. the. o site side of . t.
poftiad, At Ber Tl 546 isn el AP DS ttahrle ik BicktiS ghfif 'screen portion of a
laRSPEdahRe: ot TRHBEWAI Dot zh@esﬁibga% BtHEE BRB6AImERE the substrate can be a
attachnent interfaces 236 38 can be affixed to the
sideweH of amoniteronthe sifewabiofa moifer suppartupamhbesdhesi ve,

g b B3bEBF s i R PG A S B 15 i

gemdTibgEorRIphted. tThe ekplisionathemBéd AGIBERES amérﬁﬂésaa §ol3& and has a
and the novabl e nenber attachment interface 2

38
Prezompl ensed 23 afféxasi te the wbatraieifed puda distpé end 428 24\s shown in FIG. 44,
r i
in B gk A 5P il AGHBLL 41 Rhnce avay
from m:etsulostramolAms}mmm ihiHIGE4B dind ciased ipbsiyer, thadistabend 42476f the
ose conmonl i n food packagi ng,

such aB F ﬁl ed

CXPAISIOP COPRPIYHORS BEOMINHE GUPHT 4 pol yani de or

[omp yi rmn@%me[e%aimaﬁée tﬁ@&l?@aﬁ%@ Be'tVLJ?éﬁQBT: Qﬁ[z{l lefd afhd I substrate in
refers to any conblnatlono met a astic, or

thecadpded Ipostlon isdy@rthar( é::cglt ;l céwirheser. fmloﬂse,r embddmamm yhe distence

corrb n ta ast' c,.or,cellulo
belG R il g op R L n e peioh Rt et 0.
cerftitfidleradn E@Furtﬁ&%i’ﬂﬂ)(ﬁhm@ntﬁ&h@lilsfﬁﬁ@@béi%eﬂ’\ﬂitsﬁl 8ndPARSthé Substrate
| ayer. The conbination of netal, plastic, or

in &@Icmp@msetmrabyé@sg thearabans®2 centineter. nul ti pl e | ayers of

I I | a
T PR I B TR B P Y By
an pp@spitmuanﬁy &fviré thian iabehtUcRntibbtek. | Byahexfdﬂm‘mmﬁtb th@&h@faﬁce
at are affixed to one another, for exanple

betian feglisthl-gne e e UDEIEHK U EPR5R, POSHIOR ApBETa thamabout 2

cerVithdtdrs 2¥fHet B %ﬁlbfoli{n[i%itéj ffeldide ﬁ%@ Heh§; e?xrcﬁﬁctglrgnd and the substrate
I nventi on” can conpri se ers of de

in gobdpeatpoyition és mbreqhaldmhsmllt 6 yemﬁhgteﬁsh yl ene,

ypr op | ene ol yest er, nyl on, polyethyl ene-co-vinyl
o030 SIBRUE PR e Soavial ot nd Sragsing alammig i undated and
forRRlaofuffed hAte3R %hes%‘ea%ﬂﬁﬁs}tf&t sﬁfdéEé LTSSy t%ﬁfsic%au allows

conposi te having a | ayer of metal, such as,
the@amicm chamber touhe dodlapsed dn awa:tcprdlayhke fashione I{n bihlerrs

f |1 of
e GRbiclhe stV SE e iorshanmes kg oSyl Bygan wi
curyPRRhredusfafes@hatFbrnh a@&ﬁlo’értﬁﬂél% &, (E%%ﬁie%%ﬂd)ments the

i ncor por at ed gﬁ/ ref erence 035] In sone enbodi rrents

unduI@wméaf a sidgyyall are &yh@tantsalkmoa@mtmelr e widtheof seasidosal. In

oo b SORELRRIL o5 o) B0 1 bR o

sutﬁ&&b ir¢lgtifel tone wihldlicn® ntdrabedistsl eddest thé expgi@sion ch&dber
so be enpl oyed. [0036] A quantity of heat transfer
[Ooﬁﬁhu dIpge stb%rsf‘@ab%lmﬁmﬁ they @d%\é%ll 0{ the gxpansiopfarpler forms a roll
e
thafs'cBled 8 (RO TBAH i oHicERH of Rl Wi LR pb TS EborlBtborddior the
sidewal] toeangbvigntfairu iche:xaqmlbbs&blefgecbrhansfceﬁﬂigut@tldnﬁamown in the art can
iEcIuin9 % hatlleflwds such as, for
alsQ be Hssddo Torme FléId§Wa Q4 thei egpansim hapdgr-i ng 1 ui ds known
to those skilled in the art. In certain enbodi nents,
the heat transfer fluid is dielectric, non-flamrmable,
and provides a significant J@por pressure at the
operating tenperature of the heat-dissipating
conmponent. [0037] In certain enbodi ments, the heat
transfer fluid is thermally conductive, chemcally
[ nert essentl aI 'y gas- free and thermal I y stabl e. In

o, . g " o Y o o



heat - di ssi pati ng conponent such that portions of the
i quid adj acent the heat-dissipating conponent wl |
WO apoeniwe7 when conducting heat. The heat transPer/usions/as7078
can be selected fromthe representative class of
fluorinated Iinear, branched or cyclic al kanes,
et hers, ketones, tertiary am nes, and am noethers, and
[0026%t urldS. 6 et Besspectine yisweofamrrdinptuy smbpdinfentiof tha atesent
. Ji ds ar dnthis. invention, though partiall .
inveoE ot Bl Bl e ) SR Bt ASHEM RIS, e expansion

chapetick 5Ue bifixel esla bhbstd® T1an e ckpamiciithamBal S16 RAREEE sidewall
chain, cyclic, or a conbination thereof. In sone

S1&thabertingh er enclesed yolumpes cFherrxpaesion chagebe has ddistal end 524 and a
r » that is, free of ethylenic, acetylenic, and
prog\?%ér%???g%nsat uration. The skel etal chain can include
[006@} enaXsyshownde FI@NS!/inan bpér/pdsitivn, HHetdiQgieddFRU T R &iFBnsion
b ﬁr oVi ﬂqi_ng ét abl e I'inks between fl uorocarbon groups and
¢ IO IR SRS Ay ayHrem éhe sybstrate nhy the closedpositian (not shown), the

distaPERPIPA Jyefels " i ' isi
ei t her gggﬁbcglgtg%&ﬁor n%ﬁ@?géﬁg%g?g&ga eﬁrgegllé%g{aiﬁlso?%é’wble'
In ashdyeuibveiments, tier ¢ paosiom elabek eawbesordtgradsie dornh 6@8Beometric
ShaResore}szdeﬁtla ive ex n’plglg of suitable fluorinated flulds
BYS FICH 9% SO RaPRYr CUSEY SAU4TEY anfErchngleandn yehvuirbsron
emBEEmERETRE 6Xpinkidn AAhbERS Borfl. @%&Mf&?ﬁ'ﬁﬂ@%ﬁleﬁﬁ or t?@déhmk, such
M nnesota, and marketed under various trade
as, fps sxgfRBlei ¥happle ecd befithg, for exanpl e, " 3M BRAND

UCRI CT LI QU DS and " 3M BRAND NOVEC
005Kl N DR e gl Foeng o e b 28 of e
siddwdll 8i Mhidqrapghfe 836 CanditAdmpfise b R EorFiBidsY indRdthe, for
QO her commercial |y avail able fluorochem cals useful in
exappie, Bp eBBlem. ityadeimitko Araxying, ok dedemyvAs Bhayeinf FlGmS Sbigsaphic 556

- ' ARl : - he .t .
s ERUEH & bR ni PR P it S ARE ol P B g 524
proxiimeite thh palssdateLfidceidhie graphiaiid adilvisibleder the trade

sig ion "H GALDEN ZT HEAT TRANSFER FLUI D'. Heat )
[Oogﬁan s qu& : é)llsli‘i gesspreetonal vigw of ansxemplary embedimenhhayinge folding

i o | . n
e O P R OOREUATRSUE BEp b 1
conprigpsDsfoldibetweSUhe dRERRINGERANTS thegpratiimabbmd 622 MTHAKRGRall 618

also\ég;ghlr%%gﬁté)glgf[)el a’\f‘,\’%%‘l%f’r éﬁg%] Al so shown in FIGS. 2A

_ 40 within the heat transfer bag
[00650. AB8hdes & FIE. 6, Bt Qidtdl dnd 6P4 W theCRBRAMbEAahRr 816 s

t he expansi on chanbers 216. Wthin the reservoir 240,
movyed ayyay Heom e sybsirate614. THee mpeanasit of the expansarchamber 616, in

' e_us enhance the transfer of )

w n}géastaé al‘l %egr%ﬂg oeg@? %Il esmeggtl% ﬁogm%%%?‘?'e‘%?mtt X f"ﬂjétrﬁt&a?ﬁ"" In doing
so, the anst surfdck 628l oMHelsidewalles 18e8Ex fok@l®f Bibi&R %ird34- surrounding the

Thermal vias useful for the heat transfer bag of the
coolpgassernbly 01 8nin spmeembedinenispibg fold inths, sideatall adp be used to
: | [ e v ref nce. ..
tmerps A raee APt S5 3 Rlekual €18 U BRI E Bl Bt Fo B npipe e
cooliipeaseaplalys iIrTJ othehambedi rrnxgﬁtg, thb€oltl elathe?;iﬂ@wgﬂ&fah 26 used to control

conponent. I n aother enhodiments, a fluid conduit
the Al drspfacerentil tﬂ%ﬁlpvwﬁﬁ?ﬂ@ﬁr 6Lyas the expagsionichamber is
e ; l.ge t ' ' t .
e orablel PP Yot e oBiriork SS9 (ifiscs more than
two fddbbetatémihe dista end $24 wod thewirdAiinal éb6d2eat tr ansf er

bag and a fluid conduit external to the heat transfer

bag i s used between the expansi on chanber and the

heat - di ssi pati ng conmponent. |In another enbodi nent, a

plurality of expansion chanbers are independently

connected by a comon manifbold and are in fluid

comrmuni cation with one another. [0041] The heat

di ssi pating conponent cooled with the present

i nvention can be a sem conductor, such as, for

exanple, a central or graphics processing unit, an

o s o,

Y T



circuit (ASIC). In other enbodinents, the heat
di ssi pating conponent can be a hard disk drive, power
WG apployys4t r ansf ormer, | aser diode array, |ightP@nius10051g37078
di ode (LED) array, halogen bulb, or any other
heat - di ssi pati ng conponent known to those skilled in
the art. The heat dissipatingtconponent can al sqQ _be a

[0063dn- h8Giferdusmeriberd Orareaiiired o aieast agortion,of éiesighveall 618.
an.dnteaqr r r :

o B, DAy 0SB B bl Bk d AR e

616 M xpald Gon a clo8EH 2Plufne o a3 Apérsvalume 0 Matarinit sudtable for use as a
vi ew of an_exenpl ary enpodi nent of the present

stiffepipe et ingludselos F%@@alep@@#ahga@sa_ SREATY RIS Ui O, Ot
matgﬁlzg %8@? 5y @1%2& HaDEMm dd Qrtg' o &Qﬁr%éﬂlﬁ’&ﬁﬁileﬁﬁt 1€ §f#fféhing member is
substrate an abl e e

a nov er 312. The expansTon
welddibiohlee siddvialt dinprthes esnbadinatesydlid sti@kingra¢mblefis adfixed with

s Soe Ak A DB FRGIogheo! igoag el known
to tOSP BLQh thE &fteGh a3 Be RADIGRr OXI mal end 322 with a

substrate attachnent interface 336 affixed to the
[0062]bst The Evallef exporurerhinsiderd18 hathsaambiarg ag 654 viasies with

di stal, .end_ 324 with bl e e .att a .
oo B35 e o TR BT RR 1R UARBATEEL ot 201
Towat la Gy RAE-disSib idedcoR8pohdh is 3p&atig dtllewpodxi)rele cabling assembly

i stal ends 322, 324 can be affixed usi ng, an adhesi ve
610358 clgso @nd therquesr sgEases628 ofithe sidewali pbhwillbe aipstoptiplhpinsulated

exenpl ar. ' O\MYy, '
SR L S B T Pt . o
heai—b'ﬂgsi@étﬁ@%%ﬁnﬂ?_ﬁﬂb@raﬁi@at fh@glf pmz\cheejd thenenplihg assetfbdy 610 will
substrate . e novenent of the expan C er
o rate A0 e Tover Pl e B PR s
DS AL EAALBHELE it 126458 0 e e
enchgéd esitmai6R0 35dkcsaased(iincheay diskipatingddmppnasisie vpemtiad a low

[0045] The |evel. of, exposure of the side.318 to the
POVEhh it@rﬁoogpg a%SSWLVa&iOe@H et 5_1.‘§§[h5%§ Y% encl osed
[00 3;' U, ;38Phe WRAESEhBY 828 W BreindineRfusRAGIaB& A4 ABvantages
Ois low (e.g., the heat-dissipating conponent

()
of thepresdnt inyeation sehfortwisrabove fAescriptéon angl cxeuwias) tpegther with details

| ose as shpwn.in G. 3A.and, t he -out er_.
of i, SrriE i g of 1o i uBp Jpd e Bies s RUGHAFE 167 (Hanees
candEh&Blo Bbthil FPecidiby inRatpiresSihage, isizetahe anBsdedsnd of the
volume 320 is increased (e.g t he heat-dj ssi pati ng

expensipoeiamber endpethads ahusetwiBnthsawaciples ¢f dhe ety (O the full
I il ], J I
oI WS 48 e RO o

andithe aqiivaeits af thoSbdnstureamidhetodshe cool i ng appar at us
310. Likew se, asthe pressure in the encl osed vol une
320 is decreased (e.g., the heat-dissipating conponent

is operating at | ow power), the cooling assenbly 310

Wll return to the closed position. [0046] In sone
enbodi ments, the sidewall is convectively cooled. In
certain enbodi ments, the sidewall, the substrate, and

t he noveabl e nenber forma channel that permts
buoyancy driven convection. In yet further

enbodi ments, forced air nmay be used to further coo
the sidewall. [0047] In addition to increasing the
exposed surface of the sidewall as the expansion
chanber expands from a cl osed position to an open
position, the exposed surface areas of the substrate
and noveabl e nmenber generally increase as the
expansi on chanber opens. Thd2i ncreased surface area
exposure of the substrate or novabl e nenber can be
used to provide additional cooling surfaces. [0048] In
certain enbodi nents, the type and quantity of heat
transfer fluid is selected



to create a pressure in the enclosed volune of the
expansi on chanbers that causes the expansi on chanbers
W 2006/0498y7 open when t he heat - di ssi pati ng conpoPERnUS1085/037078
operating at high power. In other enbodi nents, the
type and quantity of heat transfer fluid is selected
to create a pressure in the enclosed volune of the
WHRAFaSSChAIMERSer s t hat causes the expansi on chanbers
to fully open at the nmaxi mum operating power of the
heat - di ssi pati ng devi ce under expected environnental
condi t i onh arli®@ 43 coofing aMBatedTPsHtB RbfpoRed campAsing:
el enent (not shown) cooperates wWth the substrate and
t he novalgisebsigiier to create a force on the novable
menber t [ ate.. The bi asing.el n n
compri se 4 ceppbish RBk Arirshdi RALRYE AT bsERy

impaeRableso vl vad kidewhld defisiki lah efclbsedtviourae thaf Blexpandable
applying a retractive force. In sone enbodinents, the

betpiega ndSinohias andsa secepd Volymeotaibeidew! eorepiising @ praxémal end
af B&q td lé‘zﬁd gﬂlﬁggﬁ{e,ea Hfsfg? €hd oﬁ}gﬁité gﬁlg ?f&)ﬂifﬁﬁ]oén%f & in‘ﬁEr §1ﬂ'Face

pbi asi ng nenber’ assi sts nmovable menber’ 1 n nmovi ng
prdximateaai demelosgabei] e andanautdr sdatepppotiteasaid innerssmnface; and

enbodi nents, the retractjve force of the bjas
o oment  PELERTEEF et igsler ﬁwdt#@oz%%s{)\gﬁ@iléﬂldaﬁlaﬁ%@r valgme;
f Ul kyhe RIE Said@Hist End RIoVEY fr&%gag%fst p;giaﬁdﬁ Sxittat SiPlutshfie to a

g ]

heat - di ssi pati ng device. | ] Ais a
seqond ppsition eesaid eveleskd anlumeexphrdsyranisaidifirgroluhe tosaid second
resent invention in an open position displaying a
rt shape. FIG 4B is a perspective view of the
exenpl ary enbodi mrent shown in FIG 4A in the cl osed
position. As shown in FIG 4A two expansion chanbers
4162ar e Abanattisl relappbbirigr eorapiisieg a plusaliyy Of said expansion
ubstrate 414 can be any nenber that allows the
exparnisi on chanbers to be in therml comunication with
a heat-di ssipating device. In sone enbodi nents, the
substrate_ is a portion_of a conputer chassis, such

. as, .
f or Sexanphe artickeofichinsd frather carpprising s a9 Va)e tearbes alfixed to said
. . ' of a desktop. In other
dls{e@r%%%&n%ﬁ@‘?ﬁ@%ﬁ%?%ﬁ? éldég]\gﬁlbhrg' a sidewall of a
nmonitor or the sidewall of a nonitor support nenber.

[ 0051] The expansion c ers 416.shown in FIG 4A ,
havd & sHEFRRIE OF FBimyAEher GRHaing § DauPe lseacoopsging
witB SRR b FE BRTRRT ¥l &lehhRS toPdr@NGldai &gl ol b B. pifimate said
has a proximal end 422 affixed to the substrate £14
substrateat shid fizdt veluhedsd 4aid/expaimaemchiambet.G. 4A, in an open
position, the distal end 424 of the expansion chanber

416 is a distance away fromthe substrate. As shown in
FI G5. 4B, Thaficld STeREmPOWhéleRsaid distaldiietidht RAH 142 Ati@bter away
t he expansi on chanber 416 is proximate the substrate.

fropoaibyubptsate shanidsasend pesiien. t he di stance between the
di stal end and the substrate in the closed position is
| ess than about 1 centineter. In other enbodinents,
t he6di st The artibRtofetnmt IhwheteBi sald disel @idds hhleas BlashfidbRrs away
in the closed position is |less than about 0.5

fromesgiq subpigate in §p1d scondpesiéen. enbodi nent s, the di stance
bet ween di stal end and the substrate in the cl osed
position is less than about 0.2 centinmeter. [0053] In
son@. enb@h¢ atinlesof cldiid Idwhéraincaidsddevediconipeised s tardugard
and the substrate in an open position is nore than

POrHBRut 1 centinmeter. In other embodi ments, the distance
bet ween the distal end and the substrate in an open
position is nore than about 2 centineters. In yet
further enbodi nents, the disi3ance between distal end
and the substrate in an open position is nore than
about 5 centinmeters. [0054] In sonme enbodi nents, the
si dewal | of the expansion chanber is undul ated and
forms a corrugated pattern with substantially flat

s c o,



t he expansi on chanber to be collapsed in an
accordi an-1i ke fashion. In other enbodinents, the

W@ r@emndsi7 of t he expansi on chanber fornms a corPCyES®AS/037078
pattern with curvilinear surfaces that forma
scal |l op-type pattern. In sonme enbodi nents, the
undul ations of a sidewall are substantially constant
over the width of the sidewall. In other enbodinents,

nea” t no eeetod Raf R bR SPPREuim O SR ap Biabte or

disphgingi ssgraphie tidht &f vitibR vehepaaRl d]1kbRiamei9X%aid deBoﬁﬂ?\Folume
further enbodinents, the sidewall of the expansion

and spnepaled PheRsaid epelpsediviolms is ag saifl Sstivelume cl osed
position and at |east partially unrolls to expose a
portion of the sidewall to anbient air. O her
col Papsi fihe agebnefidiim & whélegiyaid aphiclkomipfisésh frdRmArk.
can al so be used to formthe sidewall of the expansion
chanber.[0056] FIG 5 is a perspective view of an
exeqp! ar yneahRel Mm"f whginy: aﬁfﬁﬁ wélpc\fcﬁ%ﬂsgﬁ a Qoﬁ&nc shape
open position displaying an ova ape

thaFs@isible whes seidpanbsahvalnasnixeat ssitiGeadifd voduing.o a
substrate 514. The expansi on chanber 516 conprises a
sidewal | 518 that defines an encl osed volune. The
expansi orhe harkest dam lawﬂéxéfnagalc?&ﬁel%%ffaé@ﬁ gﬁ‘oﬂﬁﬁ@ 3R substrate
end 522. [0057] As shown in FIG 5, in an

whewsaid peiosedrvelumesisar saidfrg yaluote. t he expansi on chanber
516 is a distance away fromthe substrate. In the
cl osed position (not shown), the distal end 524 is

pr ox2.mat €h¢ heickufldat ewbdrdinaal ser ovfRbte BR{PBIHIE ambient air
shape is. not visible. In other enbodinents, the

surgopndingisaid atileidien said epalosediifolune ischt seidegamd grohumre.
geonetric shapes, including, for exanple, circles,
squares, and rectangles. In yet further enbodinents,
t hel®xpaibe anickhefrbxm I whaoinfsaglex@andion flomibeais i@ Fhlid@m
or tradenarg .amgh(g for exanple, an apple or a

commypicatiqnyEk paid heaf-Assipating GOmpenens i s a graphi c 556
| ocated on the outer surface 528 of the sidewall 518.
The graphic 556 can be conprise any text or pictures,
i ncldidi nghe fnticleent ahqiing, whereiarsbiddreat traresterfhuidk comprisst agleast one
or design h in t he ra hjc 556 |s

of pesflfretithon B msartbn it el BubieBicrksiare.
(not shown), the distal end 524 is proximte the
substrate 514 and the graphic is not visible. [0059]
FI G15 6 i Sheartielssd clagmtli wheabinshighpidsivadlrcompeispd atrgast one of a

f apsion chanber in an

pol pen pdsﬁ%?@%%ﬂ éhn%tﬂ ?bgfg §f Mt he expansi on
chanber 616 conprises a fold between the distal end
624 and the proxi mal end 622. The sidewall 618 also

ngti sekh eaalgf’llequ shimd Weareia saig pobstratris @) coreputsi glpssisn
FIG. 6, the distal end 624 of the expansi on chanber
616 has noved away fromthe substrate 614. The
nmovEfrent Aebolidesystepacnmrisingdandiecle @t €ording tb blafin 1has
caused the novabl e nmenber 612 to nove away fromthe
substrate 614. In doing so, the outer surface 628 of
th i de i . 1§54
SUr v ound: g PRS conpriRE SRkl SO Rl
enbodi nents, the foId in the S|demall can be used to
|nc ease, th urfac of. t.he sidewal |l 618 ex osed
i el Aicle g R0diRg Pglfﬁhfiﬁﬂp%tﬂkg CERPFY

In ot her enbodi ments, the fold in the sidewall can be
used to control the lateral displacenment of the
novabl e nmenber 612 as the eigpansi on chanber is
expanded and contracted. In yet further enbodi nents,
the sidewall conprises nore than two fol ds between the
di stal end 624 and the proxi mal end 622.[0061]
Stlffenlng nenbers 670 are afflxed to at Ieast a

o a1 ~A N — L Y I



616 as it expands froma cl osed volunme to an open

volunme. Materials suitable for use as a stiffening
woreovbee9sitncl ude, for exanple, nmetal, glass, cePEmUL82005/037078

plastic, or any other material known to those skilled

in the art. In sonme enbodi nents, the stiffening nenber

is welded to the sidewall. In other enbodi nents, the

stiffeni agubsraer is affi xed with adhesive or a

hani cal f ah I t abl e net hods f .
at t achi nd PREBIA HFELRTBAROICP NG TR prtion ind iseqnd posiion:

can al so ;xR BYRGMbEAYRErisi3e %@Xﬁﬁa‘[@ Enc?é‘f;@i?ﬁ&' fBsaftf substrate

the side 618 to the anbient air 4 varies w

angp distal end affixeid o eaid mnyeble wasmbes; @E0. Wien the pressure
in the encl osed I Oql.s.ow (e.q., the .
hoat - i <4yt gY BethiBmaRt nhd nsfilelralyt me s mgtsispoyed
wiﬂhhﬁsgﬁ@@*ﬂaﬂgoﬁ%ﬁﬁﬁbéry 610 will close and the outer
surface 628 of the sidewall 618 will be substantiall
i nsWhatreseisgid omvablsinegmbeginoveshetwaen s4id fisy positipe anchsa@% gecond
. e
o SSREL e BRes g of Sl R4 ARGE A 0uRmanded®, o1
power), the cooling assenbly 610 will open as shown in
FIG. 6 and the_ outer. s rfa%g 628 of the sidewall 618
wi | BOpe dhpaside oirlainn Lhirthsy comgprising ¢ plygally phsaid gxpansion
ch&d Ng apparatus 610. Likew se, as the pressure in
the encl osed vol une 620 is decreased (the
heat - di ssi pati ng conponent is operating at |ow power),

t he.cool | ssenbl.y. 6 ill return to the cl osed .
oo 2Es on ThE aBRTs Ot Ay hesstn it XePatic {fiEwecs B Spipptantially
pmhhﬁtB%HEﬁﬂﬂﬁmﬁh@mﬁﬁk&ﬁkﬁ&%ﬁ&nﬁnd advant ages of the

present invention set forth in above description and
exanpl es, together with details of the structure and

fungtionof the inventipen, the disclosur.e j .

11881 o P 8T O LA Buerklabl i3 f ol gy centimeter away
froﬁﬁ@ﬁ:télﬁisiwteiilﬂsz{m%é@hrﬁrgﬁiiti&hape, size and arrangement

of the expansi on chanber and nethods of use within the

principles of the invention to the full extent

| ndpgat e‘i‘h?)ﬁrtfci@of‘@:ﬁﬂi f&wﬁére%l@ﬁicfdpﬁ%t erld s gﬁeﬁﬁ stdfdftimeters

appended clal'nms are expressed an e equi valents o1’
awhnfiem ssid subbtwate $n said sevehd postiAT |S CLAIMED |S: 1. An

article for cooling a heat-dissipating conmponent

conprising: a substrate; an expansi on chanber

co I Si : : ' ?Mgﬁ | al : .

i rrpn.gl?'neag?eég{tgh‘f uilﬁﬁpg)a?g&??%?vc\}a I g |§1‘JT %5 kg%sed to ambient air
surenndingesdidvarticlesvitch atidi epcloxgivodabt & db etiviesecond violurse.

vol ume and a second vol une, said sidewall conprising a

proximal end affixed to said substrate, a distal end

oppos.i t eTR@hichy SPOIATR 1PRRsreald¥XBAnsIoH EREheP QY TR €

sai d encl osed vol une, and an outer surface opposite
corgmugicpiigneyitk grifldeat-dissipating gamponeny. of heat transfer

fluid disposed within said enclosed vol une; wherein

said distal end noves froma first position proxinate

sai 96.sUbThé attield ¢f otaiELBORBerBiaShid HeAt @nshdiffi®BsthesRs at least
vol ume_expands fromsaid first volunme to said second

ong@fi apestlugrocarhen, dyydraflueresarben diydraflyaseethess andbpsflierokejore.
plurality of said expansion chanbers. 3. The article
of claim2 further conprising a novabl e nenber affixed
to 3ai d Thehmiclesotddainf 1%Swheleinskidaideinallafongrisedailenst one of a
chanpers. 4. The article of claim3 further conprising
polymgr Hlm.igmefabipth ind3 BRdHAYS RETIAF iiMsai d substrate and
sai d novabl e nenber to force said distal end to be
proxi mate said substrate at said first volune of said
expansi on chanber. 15



5. The article of claim1l wherein said distal end is
at least 1 centineter away fromsaid substrate in said
w@ewongsposi tion. 6. The article of claim1l wheCEUS005/037078
said distal end is at least 5 centineters away from
said substrate in said second position. 7. The article
of claim1l wherein said sidewall conprises a
corrugated portion.8. The article of claim7 wherein
said sidewal |l includes an area adaptable for .
di s?ﬁil ayi Py aan@p g Bt tl A aherein said mova blgpesmiacs igsubstantially
se ond vol une and conceal ed
Par@%iw s@éﬁd%l\é %J[Fo% ﬁog(‘r%gsiltz&gt said first volunme. 9.
The article of cIa|n18 wherein said graphlc conprlses
a trademark. 10. The article of .c
21 ln | Thecivfle $66196m JoHetsen e AuBEmte d cpaRy (s FRfsgs
when said encl osed volune is at said second vol une.
11. The article of claim1l wherein said outer surface
i s 30 oxi Arebelimpsydtesubmnprising athasticls acepréinglto skem 8l ume
is at said first volune. 12. The article of claim1l
wherein said outer surface is exposed to anbient air
surg PundArZ':gm%ﬁte‘flc bhﬁh%aﬁ\@ﬁi&le%@b&dﬁ{gcﬂomm Mol une is
at said second vol une 3. The article of claim1
mhereln sai d expansion chanber is in fluid

A S b i

(mﬁﬁﬂ&ﬁkconprlses at | east one of a perfluorocarbon
hydr of | uor ocar bon, hydr of | uor oet her,,

per f | uor Biewidingan gxpanstpp chambeg compisipg 3.‘1}}?11"1%‘?5 pegt fransfer
ﬂu%ﬁ%agln%'aw #re?s%?ﬁ? lah& leeggt oh& ﬁ%@wﬁ[‘ﬁlat)fs s@bﬁ@ﬁﬂ‘a‘l‘lﬁrunpermeable to

a multilayer barrier f
fluiBhgaidrsidesladl deﬁnnigammnﬂzlowubvoélume dait 5 expbirtablet ketweenga first

conput er chassis. ng .system ¢o
volgme,a@fi@ sg rV@!hﬁ)@e tsaldcstl W fom% SThR a Ao rggglllcﬂf@i%@{b said
sub%ﬂ%r &'sﬁgelﬂf‘oﬁfotsit@_kaﬁd Ef&ﬁﬁ&i'eﬁﬂ drOinférauifade prbimaA@ said

ticle for cooling a heat-dissipating conponent

encdmmi vbkinreg aad swbster sirfrce apprsiiapid inpsEBEtackpyabl e

between a first 05|t| n.an

expansi oMERSRBLPS L5 resﬁlrgoﬁsa%?fé%@%g{?ﬁéﬂ ﬁ%lﬁ'?)]yft@%ré? said heat
trahFerSlid wﬁ%@%ﬁd@aﬁdﬁ@x@a@q@bo@ﬁ@heﬁp%cﬁf fixed to said

novabl e menber; gquantity of heat tranfc,f er

| uj
havi ng ampaptgrsa&‘é@@h?@ 5078 adireiROSKIgn T OHMA esséfdosubsuge toa
gﬂgp) Whes lgmg?r‘()%pga@d ARAREUMEY&8id second
Secﬁ’e?%%%{ﬁ&ggf [ rs y 05|nt%}og%égdnd sal d second position
voRsnesai d vapor pressure of said heat transfer fluid
changes. 20. The article of claim19 further
conprising a plurality of said expansion chanbers. 2

-h rrge Ak %e%hcgf of 1A B 2R EIoRi st @detR@Sivapor pressure of
cha

ers are substantially parallel to one another in
saiddicat temsen fujpdsyi tedoeing 83id hq’cﬁ dluz of iseif deglrdisgipgtipg pgmponent, and

mhere sa st a nd
b a0k e e ol o 36 i b O OE 4§ e il seid
ené!B&édeJo%rﬁé fr6Bdaltl JeBoNdIE618ING 16 &iid fiskt ¥bRImeend i s at
least 5 centineters away fromsaid substrate in said

second position. 24. The article of claim19 wherein

sai 4 out gf SULE A€ Er i FnPIP ARG QiPHE-8Akip#ike component

comprises at least one of a central processing unit and a graphics processing unit.

16



surrounding said article when said encl osed volune is

at said second volune. 25. The article of claim 19
wob@emisssai d expansi on chanmber is in fluid  PCT/US2005/037078

conmuni cation with said heat-dissipating conponent.

26. The article of claim19 wherein said heat transfer

fluid conprises at | east one of a perfluorocarbon,

hydnef | uqmhe esstieof daigh 3 fubtBEaRitiRisingadishlaying a graphic or

perfl uoroketone. 27. The article of claim19 wherein
geerapiaic shans\es ispid dbviplrand esovgs fommnspid BrsbPitien proKippale said substrate

I: . foil, and a nultilayer barrier film 28.

to%%%g%?ﬁﬁgﬁéﬁ%% claim 19 wherein said novabl e nmenber is

substantially parallel to said substrate in said

secqnd position. 29. The article, of. claim 19 wherein
oai dosubdhP seghqdsofelaimndy whereinisgiddistal exg 1s movgd pf lagst |
b Sk ticle according to claim 19.
°“§¥§&§E%oﬁgd?g§&@%ﬁg¥?§fng an article according to
claim19. 32. A nethod of cooling a heat-dissipating
conponent havi ng heat flux conprising: providing an
expansi on chanber conprising a quantity of heat
transfer fluid having a vapor pressure, and at | east
one sidewall that is substantially inperneable to
fluid, said sidewall defining an enclosed vol une that
i s expandabl e between a first volune and a second
vol unme, said sidewall conprising a proximal end
affixed to said substrate, a distal end opposite said
proxi mal end, an inner surface proximate said encl osed
vol une, and an outer surface opposite said inner
surface; increasing the vapor pressure of said heat
transfer fluid by heating said heat transfer fluid
Wi th said heat-dissipating conponent; and noving said
distal end froma first position proxi nate said
substrate to a second position by expandi ng said
encl osed volune fromsaid first volune to said second
volunme. 33. The nethod of claim 32 further conprising
reduci ng the vapor pressure of said heat transfer
fluid by reducing said heat flux of said
heat - di ssi pati ng conponent, and noving said distal end
fromsaid second position to said first position by
reduci ng said encl osed vol une from said second vol une
to said first volume. 34. The nethod of claim 32
wherei n sai d heat-dissipating conponent conprises at
| east one of a central processing unit and a graphics
processing unit.35. The nmethod of claim 32 further
conpri sing displaying a graphic or geonetric shape as
said distal end noves fromsaid first position
proxi mate said substrate to said second position. 36.
The nmet hod of claim 32 wherein said distal end is
noved at |east 1 centineter away from sai d substrate.
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