2 1 DEC 2004 WO 02/03770 PCT/ US01/20049 A METHOD AND AN APPARATUS FOR

COCLI NG A COMPUTER  BACKGROUND OF THE I NVENTI ON Fiel d of the 'UEVCIE h{; nbs
This invention relates to el ectronic devices and nore particular ? t he
di sswgrd2iatypoof heat generated by a m croprocessor. B?E¥Hﬁ9ﬁﬂﬂ4 n
operation, mcroprocessors and other electronic devices genergte heat
Excess heat can danage a device if it is not dissipated. Therefore,
generally, 10 microprocessors and other heat generating el ectronic devices
utilize haaMETHOP ARD qﬁgﬁ LSsipat eat. Figure 1
illustrates conputer sygggﬁ?ggﬁ%f t §5§§ﬂ%§5§§?f§&ﬁ§9@§ﬁaﬁéssor 40 or ot her
heat generating el ecBAGKGRQUNR &F TidRENVENTION affixed to a printed
circuit board ("PCB") 20 that is coupled to spreader plate 30. In the case
of 15 m croprocessor 40, a heat exchange systemis usually affixed to the
PCB t frebdighthelnlérstioor screws with an established gap or bond line thickness
between a gooling _ plate or heat sink and m croprocessor 40. Heat pipe 55

i s°coupl ed' s THERHOB xelpkeh oeleamnihdesticea khd woraparticalBse thér ough air inl et

70 ang;is&¥hiiod | et 4., Fan _60-generally continuously operates to cause
B%E Oﬁhfh&v%ﬁémégHye"“[n“féol’fﬁgeé?ﬂf out air outlet 80 in order to cool

air to pass throughair 1n
compuBakgsugidem 10. One di sadvantage to a conventional conputer system

such as that shown in Figure | is due to the size of heat exchanger 50 and
the 1init el OPEIRABN Migjoprocessersiand ot plechanit denioyegdiRddte heat, SMal | ai r

o or apy e aeat FAMRe G TR o] Gl Memiore eoraretiicd 19
o oot sheve a4 UMD BT 1,7
2004 dissipating structures to dissipate excess heat.
Figure 1 illustrates computér system 10 of the prior art. Microprocessor 40
or other heat-generating electronic devices generally are affixed to a printed
circuit board (“PCB”) 20 that is coupled to spreader plate 30. In the case of
15 microprocessor 40, a heat exchange system is usually affixed to the PCB through
bolts or screws with an established gap or bond line thickness between a cooling
plate or heat sink and microprocessor 40. Heat pipe 55 is coupled to heat
exchanger 50 which allows air to pass through air inlet 70 and exit air outlet 80.
Fan 60 generally conﬁnuousiy operates to cause air to pass through air inlet 70
20  and out air outlet 80 in order to cool computer system 10. One disadvantage to a
conventional computer system such as that shown in Figure 1 is due to the size of
heat exchanger 50 and the limited capability of the heat pipe 55 to move heat to
small air cooled heat exc:hémger 50 to cool a heatfgenéréting source such as the |
microprocessor 40 that is shown in Figure 1. What is needed is a configuration of
25  acomputer system whereby the heat-generating source is cooled at an enhanced

rate.

BRIEF DESCRIPTION OF THE DRAWINGS




WO 02/ 03770 PCT/USO 1/20049 The acconpanying draw ngs are_included to
“provide a further understanding of the invention, and ar e ﬂnBBEpBﬂﬂe’ﬂ ed in
and. constitute a part of this specification. The drawings illustrate
enbed gmsis of the invention and, together wth thec4ragihdild On, serve to
explain the principles of the invention. In 5 the dramngs, Figure 1 is a
schematic angl ed view of a conputer systemof the prior art; Figure 2
illustratgs agc&ﬁ(pm@%gé %%gy%@fmgum%@ﬁd%m} n accordance wth one
enbodi nent of the inventiony Figure 3 illustrates the path of fluid flow
whenuratersxiding af ttecuvediof ahd aredncckporased igedd deingtituee pattiofist r at es a

bi -directignal tube coupl eqpto an external cr{%éled .sourc¢e in accordance
] o

t Hhgsee drpwings HrRket FBRedmeg; FVELEPR 88%s a bi - di recti onal
t ubgocahpl @B chBlish, VetvetD kpIRfh the BUEH1dsbr BEABRRGE 1 th one
enboagrrentvgglfl%e inéent'i on;e 15 Fi gur e96 iBIPPI tfstrat es a cross-sectional view
& tthedfdawisgs,heat transfer plate in accordance with one enbodi ment of the
i nvention; Figure illust raées a } view of the first heat transfer plate

0
i n accor fgEet K4 1heBrEc SRBISH VIRt & °If‘ﬂ‘étefﬁ(ﬁé‘?ﬁ‘i°5ﬂ‘,elﬁ?‘§m 8 illustrates a
top vi eWFn‘[ﬁzg%f'?ﬁfsﬁ%%%@?%ﬁgﬁeﬁmgfa%xﬁaﬁte&@yst&giﬁ‘ﬁ&%ﬁ-@ﬁr%e Wi th one

enbodi nen e I nvent i

., Figure 9 ilTustrates a cross-sectional view of
t he sthend chdativhemtifthe inyleatien; i n accordance with one enbodi nent of the

invention; Figure 10 iJlustrates flow diagramjn which fluid flows

t hr ough Bspreillusgatesihep r?gﬂb“adrﬁo‘%fw "itﬁﬁ‘ajo%’ﬁ“&eedirh’i”gccor dance with

ne gg%gl ment of the 25 invention one enbodi ment of the invention; and
e

i gur illustrates a flow diagramin which chilled fluid is supplied to
Jthe conpEigig ilegirates aBENMetERaDESERbPHeAND an external chilled

source in accordance with one embodiment of the invention;
Figure 5 illustrates a bi-directional tube coupled to an external chilled
source in acﬁordance with one embodiment of the invention; '
15 Figure 6 illustrates a cross-sectional view of the first heat transfer plate in
accordance with one embodiment of the invention;
Figure 7 illustrates a top view of the first heat transfer plate in accordance
~with one embodiment of the invention; _
Figure 8 illustrates a top view of the second heat transfer plate in
20  accordance with one embodiment of the invention;

Figure 9 llustrates a cross-sectional view of the second heat transfer plate

in accordance with one embodiment of the invention;

Figure 10 illustrates a flow diagram in which fluid flows through a first
and a second part of computing device in accordance with one embodiment of the
25  invention one embodiment of the invention; and

Figure 11 illustrates a flow diagram in which chilled fluid is supplied to

the computing device.

DETAILED DESCRIPTION
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2 2 1 DEC 2094 WO 02/ 03770 PCT/ USOL/ 20049 The invention relates to a
cooling systemthat inproves the cooling capacity of a Qohplf@r20§¥stem and
t hereby i nproves the conputing performance of the conputer system The
conpyifdzesyat em may include a notebook conputer or p&lgﬁ,rs ﬁ%babl e portable
conputer systens. The conputer system conprises a 5 tube ? at is coupled to
a first heat transfer plate and to a heat-generating elenent. The tube

cont ai ns fluid.that repoves he: r .transferring it to a
heat tran?\t'%%mﬁl% el.'elit\esseoc%%‘ﬁ)hﬁkégs%ﬁ{a?gﬁé@g&@%%asﬁgg?é&g o0 used to transfer
t he wapidty dia@bmpuisiftenca thagbliisipidlel thd dvenmitigepdrf@anhicag air. In
‘addition to cooling the conputer system _techniques of the invention are
al so ofHiecomputerdiyeter ol heecomptier sygtephmay éndlygrpneieback enpstegeci bel s

conmpared to conventi,onal syste t use , t.us incorporating
such %4° %Wﬁ%ﬁ]es %1%361)25{ e é%ér%%’ﬂ?ahﬁ %ﬁé&?ﬁyff%gfé}gﬂggé&aan angl ed top

sisde nybeelabi coOFTRd tPh fifst Heshrdferiphte aRd &F dRARGenkidtingtergériodi nent of the
invention In Figure 2, mcroprocessor 130 is nounted on a printed circuit

boar dh¢ tulrepnirinsrfluidibalremores beat fHm & hpptsoniredranstITingititP@i d t o heat

transfer, plate, 125, (alsg ., eferr t.0, h - t f eat transfer
pl at fﬁbﬁ'ﬁ%f Pﬁ'i{t% fi\%e‘io eheﬂ%axﬂ%grl% tgslg ?;i]%i/ eldﬁtlidr %}ﬁfﬁr tj’ln%%/af)tg used for
co0l hBg frdiQthd BeliAPEGuiIdBIRE aRienbEodkneGir. Wihaditioh tolteolighirr red fluid to
use because water i S easily replaceable when a portion of the water has

di sstqrapeldr system, teghmaques of dhe inventioroark ialsg able tohedurenoiseahoyter plate 125.
Additional ly, .i.f t ter 20 is,accidentally rele d from conputer system
190, 1 8?@‘%Pébﬁ5ogﬁ@‘f%@?ﬂ‘ﬁ?r‘9d LEWY %%%%%W%ﬁ%"ﬁ??ﬁﬁéred for the
cleann%?ﬁ&faum}.@&ga&&%maﬁdcbm. ferd Islded&ibelinat may be regul ated. Qther

fluids that may be used in tube 115 include various oils, fluorinert
whi ch i s Figuednbusiaes an angled toghiide vievrnf Ivmpytersystepnl&in paul , M nnesot a,

FC75, ool an 25~ l anal .and.liqui.d refrigerants. 25 Tube 115, nay
corr_pif'cfg Ped ,"%F‘H@%‘Em&%&{%ﬁ%mﬁ E'Rﬂ'%/‘l l%'ﬁfgffxg%??r% usrcr’lgnum copper,
st ai 13098 soathRAl orll pRhlRAIcirelit bakid( FEBey (nakshowrf)f gudbhys tube 115

15  provides cooling fluid to heat transfer plate 125 (also referred to herein as the first

heat transfer plate). The fluid in tube 115 includes any fluid that may be used for
cooling. For instance, water may be used. Water is the preferred fluid to use
because water is easily replaceable when a portion of the water has dissipated and. -
water causes less scaling in the heat transfer plate 125. Additionally, if the water

20  is accidentally released from computer sysfem 100, there are no environmental
regulations that are triggered for the clean up of water as opposed to other fluids
that may be regulated. Other fluids that may be used in tube 115 include various
oils, fluorinert which is commercially available from 3M located in St. Paul,
Minnesota, FC75, Coolanol 25, Coolanol 45, and liquid refrigerants.

25 Tube 115, may comprise rubber, plastic such as polyvinyl chloride,
aluminum, copper, stainless steel or other suitable material. Preferably, tube 115
in second part 120 of computing device 100 is comprised of metal such as stainless
steel, aluminum, copper or any other suitable metal. Tube 115 located in first part
110 and second part 120 of computing device 100 may be made of the same or

30  different material. In one embodiment, computer device 100 is a notebook or
3



in second part 120 of conputing device 100 is conprised o&er‘rit&ad '@E h as
" stainless steel, alum num copper or any other suitable kAt 115

| ocated in first part 110 and second part 120 of conputing device 100 rmay
be npge.m574 he same or 30 different material. In on | t, computer
devi cg 1/80 ?s a not ebook or 3 21 DEC 2004 WO 02/ 037%&%?}6@/ 20049
portable conputer and first part 110 houses the notherboard, power supply
and the like (not own s wel] Kk ' tl)]? r gda@econd part 120
housBertable FempHigr ﬁ@gfﬁll)aﬁﬁa@&h%?se(sr%? ms%%‘\(l)g?/\%%ﬂg’r %SHJ E . Tube 115 has a

di anﬁlteq{i(ei(@ottshSwn angevaf IaheNtn DRt 4nd st&sm patil2ehdi@egd h that ranges from
500nm to 5000m nt 5 dependi ng on the heat renoval requirenent. Tube 115 is

s eC Uliqatld teeystal tisdplayefriot Hdvn)eardhe Bk rhsddd hape digmeiemipiber syst em 100.

There are vari et ways, that be 1 65 O conputer
syst’é’#ﬂi@ﬁ&%@ﬂ%ﬁﬁ“@éﬂ?%ﬁ%@ﬁd e%e]s%%méﬁoglgm\?\%l |bng or soldering the
tabe, ' Rt reBRMAPRRLEeARAL Rk 105 Rnshakd plittparta18t and of f and
C#Jan%éggn}g?{glc |p§ thart surround tube 115 and attach to the 10 base of

C ONpatidedecsyd partil 20 6f chngptensystenh 100. Fihere ve S Wasiply ofvaysithat t ube 115 nmay be
arranged relative to heat transfer te.125 in first r 10 and heat

t r an&pedlymay 2&‘6”?‘&%@“?@‘?‘8? Fyégemiugd %F%aﬁmgismteﬁ%;?a gﬁb‘g %déat t ransf er

pl atgly] i Eﬂﬂ%ﬁm%b@ﬂf%uﬁ% SYyséRIR 10 Rt banEwe heat gener at ed
by csgl}r:rhpﬁggr%?éﬁgtgre?n(ﬁgoo n the range of e?.‘ng#?S watts to 50 watts. Figure 2

i 11 ystateps stand bff andaiiaraps, @n gipetiet stuamditgbe 1Taubattgh teghe | ui d cont ai ner
140 whi ch contai ns thﬁ'{ﬁl uid that is punped by punp 150 at. a rate of about
0 nvihape pf qopP ey SYSESBAY- (" /sec') to 10ml/sec through tube 115. Fluid

contai “e&h&%%;g%g%%h&egfm'ti@&ags MOUKIRR nithal 5 adossartdrgedablative 10 cubi ¢
a n (0]

centinmeters 25 cnB. The fluid contained within tube 115 may
r ange hafk tkarafor Ptk 12DirdfBGHpart THeandkeatigensfeoplatr21@4plsprefengdi s directly

P ol bPesih e e P FanBUr B o BoRLAEr 120 BLERGRTB i uch a9 a neat

tr a%;tgﬁl 1035 Fembe Realt %éx%r%tedtﬂ}%ompu'ter system 100 in the range of 10

15  watts to 50 watts. Figure 2 illustrates one such arrangement. Tube 115 is coupled
to fiuid container 140 which contains the fluid that is pumped by pump 150 at a
rate of about 1 milliliter per second (“ml/sec”) to 10ml/ sec through tube 115.
Fluid container 140 generally has a volume that ranges from about 10 cubic
centimeters {"cm? ”) to 25 an3. The fluid contained within tube 115 may range

20  from 25ml to 250ml. The thermal cooling capability is directly proportional to the

mass flow rate of the cooling medium removing heat from the heat generation

source to a heat rejection point such as a heat transfer plate. As a result, the -

amount of fluid pumped through tube 115 may increase or decrease the amount

of cooling that occuxs to microprocessor 130. One skilled in the art, therefore, may

25  adjust the mass flow rate by modifying the design parameters such as the length
or the diameter of tube 115 in order to increase or decrease the rate of cooling.

Temperature sensor 180 is coupled to fluid container 140, pump 150, and to

power management system 132. Temperahire sensor 180 is able to sense the
temperature of microprocessor 130 when microprocessor 130 reaches a threshold

30 level such as in the range of 70 to 100 Celcius that requires the cooling system to
4



anount of fluid punped through tube 115 may i ncrease or decrease the anount
"of cooling that occurs to mcroprocessor 130. One skilled m Hj‘gagnm ‘
therefore, may 25 adjust the mass flow rate by nodi fying the design
par agRs §igz7uUch as the length or the dianeter of tupgrddedepse0r der to
I ncrease or decrease the rate of cooling. Tenperature sensor 180 is
coupled to fluid container 140, punp 150, and to power nanagenent system
132. Tenrpgfatd ol ' ature of
m cr opr ocessor 13ngmo%n%%%ﬁg%%?oﬁggégga%ﬁ%gsg%% eshold 30 |evel
such astivated wden dgngperefurd Gertsor 18IGended sigual td Patver agukg@ferithe cool i ng system
to 4 é} D?g%g‘fofgél VO 02/ Ofgg%g ﬁg‘T/USOU 20049 be activated in order to cool
conmpufeled gt{?‘ﬁé‘ Piermpsratiseihas been sepghesibsnen t enperature
Sensomic88r SRR iR g@r@ 32 indicating that a
t hreshol dgtogrer{)%?é?uf%og{\%s beggﬂl%gggﬁgg? y ?nhg%sg%%%aggq or 130. Power
mah agerrshitionsyitberddidg spstemdbs capprinig deyide 100BdLH aDihe coblitighe cool i ng system
for cgonputing. device, 100 such as the cogling  fluid punping rate. Power .
mnag@%rﬁ““gﬁ/’é‘gé’mei 9WERIPAPAZEIRER! SEtRmy P2 spayyaciude memeerytos ba nenory devi ce.
Menor | ' AEH3\) ~menory ("RAM'),
magneétbiu dl%ﬁ%ﬁ%g@ﬂéﬂrﬂg .ogtlég#%torgé%ﬂlégg%?}f@@i nory devi ces,
and/ oandomerccesa cieinnery (CRAMY), anaprditia diskstorgge thefilap Gpadal bfagdgeuct i ons st ored
wi thin %%I r manager?nt_ system 132 or jn any _other sujtable |ocation such
\'A%’%‘é{‘e?ﬂ‘aft eVishndd pr edepmachingyeadakierpediap §lsing nanagenent syst em

1 R ' ignal t 150 t
ot e RO R B BBl p AR B B A B et at br e of
)i cr ofrerceaitshle lddtion sudtedsahe thip sehfnesitveh)iof tp@patedsPstefdaos) 15 managenent

system 132 sends another_signal to punp 150 to stop punping fluid from
f1 ui FOWEHEEPAGE IR FYstem 13t cortrelsithe opling system yohensending fi ui d cont ai ner

cuch Fal P 0 RRAI BRI ket Mud ARt RE Rinck iRy Conca ner 140 |

r eac tepsparatue® of midvaprocesgot 1385s below the threshold temperature, power

as tHge :

15 management system 132 sends another signal to pump 150 to stop pumping fluid
from fluid container 150.

Fiuid sensor 190 is also coupled to fluid container 140 and to power |
management system 132. Fluid sensor 190 is configured in such a manner to
detect when the fluid contained in fluid container 140 reaches a level that requires

20 {laid to be added to fluid container 140. If the fluid in fluid container 140 is low,

) fluid sensor 190 sends a signal to power management system 132. This indicates
) to power management system 132 that pump 150 should stop pumping. Power
management system 132 may also send a signal to the graphic user interface of
computer system 100 that the fluid is low in fhiid container 140.

25 Tube 115 is also coupled to coupling disconnect 170 which allows a user to
detach tube 115 and couple tube 115 to an externally supplied chilled fluid ora
fluid that is capable of reducing heat generated from microprocessor 130. This
externally supplied fluid is stored and pumped by the external cooling loop
inside container 200, Coupling disconnect 170 may be used to either augment the

30  existing cooling system or disable a portion of the closed loop system formed by
5



20 fluid to be added to fluid container 140. If the fluid in fluid
*container 140 is low, fluid sensor 190 sends a signal to enent
"OHaPEG,

system 132. This indicates to power managenent system 132

50

shouyd g5h#F PUNPi Ng. Power nmanagenent system 132 ”Blycﬁ{)%?ﬁlzﬁ 4Pd a signal to

t he graphic user interface of conputer system 100 that e

uidis lowin

fluid contai ner 140. 25 Tube 115 is al so coupled to coupling disconnect 170

whi ch tabd Biirs Figurs erilltsoratad@inaelict phg of iR and wRuphe CE,HI?@%%B to an
at IS

)

external |y supplied chilled fluid or a flui abl e of reducing
heat  QEREBACEL s Sechimceoppekiers with exBBualfhiup plied tRidakhod suppl  ed Ui d s
st or egoriRfePpiPed by the external cooling |oop inside container 200.

Coupl i ng disconnect 170 may be used to either augnent the 30 existing

cool i ng syBteeeaftex, tdbe B3 i€ conriRBlel it Re 0Qp system forned by 5 2
1 UPE .2004 WD_02/ 03770 PCT/ USOL/ 20049 tﬁfg%?%ﬁ% %lhc?‘easfﬁﬁf"ieﬁstrat es one

s chcfb‘ébﬁ’edﬂw geatiiangfenplate thabisdomapid mar ndtspocRess: 137 ite used in

conj ' | I ppltied fluid staored in container 200.
Ther gg‘? { %%,Elntluu%ﬁeb%?%gﬁ %:to t t‘f‘gnﬁﬁé‘fl“i‘ilér@ﬁb?ﬂmfmréa@% such as a

pl at extile fplated gifend thapbefieh Meat A0FE S0 RLAL i.s_ locat near
m croprocessor 130 in the fi?st part 1lgé'oi§‘d§:%ﬁpue(§a? % rgﬂ‘i‘ioo. Plate-fin

t ype FAERPfMe deattransieeplayis generally tomprise poiaieeal@midimsort hat serve as

heat Lk f rf.aces an frane tq support the plates or fins. Heat

trang%é‘rag%lsa{%}%égefn%é?‘ﬁ‘l I?glﬁeiﬁﬁ?ﬁ‘geeh&}ﬁﬁé ). HasteHoyGphesphat ai nl ess st eel ,

B0t bidraBlakitcupihiekel mEPRBSlbe ub88 OHEY AR HAALELI RY: Gy, phosPhOr 10 bronze
ma ster

and cugroni cke ay also be used. Heat tra p t fins induce
t ur biTeRieRc i thn dujdsisind essurd nzwe effiriemd heataf ristirant dBallett FRWST er and

COMPhLL fddoWrpdi gtk i but.ion. The cooling fluid passes through tube 115 and
i n'[n; one si é%?cﬁhé]g%gﬁ’aﬁeﬁ Pﬁghf}?b&gjésfﬂ'é.m&s{’llel’fédﬂ:fefdhe? fluid passes
t hr.chegh transfer platnehb .erasml@é&ﬂé%ﬁﬁdi\,g%g% E}ﬁgggfiggat@%g?eg_%%$ﬁ heat transfer

fins 360 shown in Figures 6 and 7, exchan the et al
sur fadedbrgsgh nplumality of heat Sepsfepfing 860t shobwheindKighicB® &Ad!¥ theat is

15 exchanged from the metal surfaces of the heat transfer plate to the cooling fluid.

After the heat is exchanged through heat transfer plate 125 which results in
cooling microprocessor 130, the fluid in tube 115 travels through the remainder of
first part 110 and enters second part 120 of computing device 100. The ﬂm‘&
follows the path of tube 115 in a vertical direction relative to first part 110 of

20 computing device 100. In the top portion of second part 120, the fluid travels in a

generally horizontal direction and then in a downward direction of second part
120 of computing device 100. The fluid then exits second part 120 and enters
coupling disconnect 170 and passes back into fluid container 140. The cycle then

repeats until microprocessor 130 is properly cooled to a temperature that is

25  generally designated by the manufacturer of the computer system such as in the

30

range of 70 to 100 Ceisius. Alternatively, the fluid may be pumped in the revers’e.
direction of the path described above.

In yet another embodiment of the invention, a different path of the fluid
flow is shown in Figure 3. Coupling disconnect 170 is connected to an extemnally

chilled fluid source such as container 200. The externally chilled fluid provides
6



After the heat is exchanged through heat transfer plate 122 which results

"in cooling nicroprocessor 130, the fluid in tube 115 travéls Qi ik t he
remai nder of first part 110 and enters second part 120 of computing device
100. wihe,dsh#i d follows the path of tube 115 in a verpirgalsofidogetion
relative to first part 110 of 20. conputing device 100. In the top portion
of second part 120, the fluid travels in a generally horizontal direction
and t heGthbiroRtdRvaeiad @ 66 ithAh fcoﬁl?@@m dedict 100 2fhefiugonmput i ng devi ce
100. The fluid. then exits second part 120 and enters coupling disconnect
170 apesspatheeugidor conliamer L4 ahdioaneds prneathu® ardioed oyjoiopracesser repeats unti |
m cr opy,0cC or 0 ] r.oper| | ed .t.o ature that is 25 generally
desi ﬁ@ﬁé@%{}“{%‘}%ﬁ#&%ﬁﬁ?&ﬁ%f erfgméﬁﬁ%ﬁ@gegéﬁmﬁg%e as in the range
of 70aid t&8niaRles DOBthrA hatPA 199/ BiYuret BS iftlistiHe BRYs b&tMAPEd i n the reverse
direction of the path described above. In yet another enbodi nent of the

i nveritipws of bi-dirdctionadimbgtaBishovntih Figurg Bdhatfallows icgolkstgfinid to Hei gure 3.
Coupl,ing di.s¢connect 170.i s ect to_an ter I 30,chilled fluid
sour CEHEREHES B Baheuinkdieis 00 RRELER p 2Prih o7 ifF FePhreda ) ovr des 6 2 1
DEC 208hi¥p208 bA3 OB ThddR6Y taprted iﬁ(}ﬁtﬂ%oﬁgﬂiﬁe ddlinglR@stbinti d to flow

t hrough conputi ng device 100. The fl ui passes through flfuid container 140

and tis saheinedie nertamen?00thronglt anothes podiresefdi-diresidorsd dubelBugh heat transfer
late, 125. The _fluid.exits tube 115 returnipg. the . flyj cont ai ner 200
P b odgh erimae B W Rsd S perRopdatg bbbt donatibeBs s of

bo- dih RelidtoRRing Whkt 2RISR EBm%hEH%ﬁe%cé fbud 2B nRoling fluid to be

_transported to Conputing device 100 through a portion of tube 198 connected
“Hto ond thae fheid 12 60umed to henthingi 200 fhachiling tbomghdube118.s path t hrough t he

| t LIS d .t t 200 t h . th ti f
b1 - o eER e FiameS Shghaes Agl SR B Rt O e es o T O °
Cr 0S §HSWHig! HRRI Mii8 6 BE trRihspdirfe@ b MR @®mputhe de¥ike 150 abB thbbaiey cool ing fluid

travel s toward conputing device through inner tube 117 and the fluid is
r et utubeddlpwscherfluidrie be 2@0xrieg tochitainen g00. Ningmgther gpbotli®@ent, Al t er nat i vel vy,

75 QUL Gn@ottler ESARALE ol Y ) RSP be dsad'tB st B Rui Wt 1Tk T O

used to cool computing device 100.

In yet another embodiment, the fluid does not bypass heat transfer plate
210. Instead, after the fluid travels beneath or around microprocessor 130, the
fluid exits the first part 110 and enters the second part 120 of computing system
20 100. The fluid then travels through heat transfer plate 210 of second part 120 of
computing device 100. Thereafter, the fluid exits tube 115 and enters container
) 200 or sdme other container (not shown).
In another embodiment, the fluid may flow in the reverse path. For
example, the fluid may be pumped from container 200 to coupling disconnect 170.
25 From coupling discormect 170, the fluid enters tube 115 and begins to travel
through second part 120 of computing device 100 following the path defined by
tube 115. The fluid exits second part 120 of computing device 100 and enters first
part 110 of computing device 100. The fluid travels beneath or near
microprocessor 130 and then enters fluid container 140. The fluid exits fluid

30 container 140 and then enters container 200. This external cooling system may be
7



allowing chilled fluid to be transported to the conputing device 100 and

"the other tube allows the fluid to be returned to contain 2
7 beDbSedt,

anot her enbodi nent, 15 sone ot her container (not shown) nm

stwoezbiveefl uid that has been wused to cool conputpaigusaviese 100. I n yet
anot her enbodi nent, the fluid does not bypass heat transfer plate 210.

I nstead, after the fluid travels beneath or around m croprocessor 130, the
f | Ubcht@kintSvdritey bf pltespakch ad A Qoakitlg smatien Sntdensee@rampatt "120 of conputing
system 20 100. The fluid then travels through heat transfer plate 210 of

s edgHerydarger poicks or segpgthengiighlpile@tiono. Thereafter, the fluid exits tube

115 and.ent QIEE ' I t her i, ner shown). In

anot her F%%B%’dé %%ﬁ& eéef"? ﬁgg'sgr)é§l§efq§gt\/va?}dqn§f %rgCPE%a\%éﬁi[}g%fe%)g?%?s For exanpl e,

t hg1os] 200)l Figpyrd6 ilhastRed F drosh-eotidmil tietv Fdhe heataRmpler Bgstéinsconnect 170. 25
From coupl i ng di sconnect 170, the fluid enters tube 115 and begins to

5t r derdiTsthpap rgnsfeeplbiril39a Seldep bally 310smaperrmseted & integrated gixsiitowi ng the path
def i B T ;Ui ' of ,.conputi ng device
108a§%ge§%q gﬁ&%ﬁ%%?hﬂp%rgyfeflfb%t?@ggeﬁpu | %gg%g%%ﬁgﬁg&*‘ﬁg fluid travels
bepgpddis 4a fm@iuctive dRERRARSFeEn thidgrasd ckh8n33Nrel firsf hatitd cont ai ner 140.
The fluid exits fluid 30 container 140 and then enters contai ner 200. This
ex tiensfen plaediZbn dhermaldongddined0 may inglpde yaterialyzush/ag greage,PCT/ USOL/ 20049
| ocat ed i var | 0 e Ki S l,on, an alternating
€p0 tela%gx?uten phat L Ig%’ra?’ 8,%3%2%&&?%1%@%3\&&%1 f*‘xg%t eh% t

curfe ery char rrck, sonme other suita ocation. Figures

10 6- Basst@vplave 125 cbnvieeredl toh plinalifyi of heataiik peadebeat transfer plates (125,

210). Figure 6 illustrates a cross-sectional view of the heat transfer

} syst emfigyrs 7 ipsEatena sop viewnfifast hepbiransferplatgdPaetheheats 310 are connect ed

to_li . ¢l 4t [ | Wt I to integrated
C|g%@%%%%ég%ﬁ%‘gngpcggﬁgg%(?%}%%ﬁ% ulgg % congéf:1l %’gsgghesi ve between
| Nfod@stHeathransfetpate3B3G andcheht sifik phefins 360r 8hdd &onptitieq1325. Ther mal bond
i ne 340 naﬁ include materials such as grease oxy, elastomeric

mermders infet 43P apHinassessven st beafdransier plate m@rﬁﬁg ea Ptheat

15  fins 360. The fluid has a turbulent flow through heat sink pin fins 360 which

causes the fluid to have longer contact with first heat transfer plate 125 and heat
sink pin fins 360. The heat is transferred from first heat transfer plate 125 and
heat sink pin fins 360 to the fluid which exits first heat transfer plate 125 through
outlet 420 and reenters tube 115.

20 Figure 8 illustrates a top view of second heat transfer plate 210 that is

located in second part 120 of computing device 100. Second heat transfer plate

| ) 210 has a.large surface area that allows heat to be transferred to ambient air

25

through conduction and convection. Tube 115 is arranged to have a plurality of
passes in second part 120 of computing device 100 in order to take advantage of
the large surface area of second heat transfer plate 210. Fluid enters inlet 410 and
follows the path of tube 115 and exits outlet 420. In addition, air passes through
air infet 440, travels across heat transfer plate 115 and exits air outlet 450 which
also serves to cool computer system 100. '
Figure 9 illustrates a cross-sectional view of second heat transfer plate 210.

A plurality of fins 430 are located perpendicular to display 444. Fins 430 are air
B



10 transfer plate 125 is connected to a plurality of heat sink pin fins

» 360. Figure 7 illustrates a top view of first heat transfer ﬁl @E . The
heat generated fromintegrated circuit 330 is transferredz r gh er mal
bondyl 30 to first heat transfer plate 125 and i in fins 360.
Fl ui glq‘@gﬂr%tube 115 enters inlet 410 and passes ove?eiﬁsﬂjfﬁéﬁt transfer
plate 125 and into heat sink pin 15 fins 360. The fluid has a turbul ent
f1 ow Lhisieuahalieabe BlvelvRichi 19 B0t BeatRNSE i have | onger
contact with first heat transq}g‘rf p%)ggg812%a an hgg{oﬁﬁgfb%gh%ﬁ&“ ns 360. The
heat e ambissfarred fromfirst heat transfer plate 125 and heat sink pin
fins 360 t theJ ui d whi ch e%jts fi@trst heat transfer plate 125 through
outl et 4208} €5 £ {8y 4peTardef regmiodgment of the ifvertient op vi ew of
secondt BRak 500, aabEhea bahsrelhid RMcated LIP&%}I&Q' .t 120 of
conputing device 100. Second];heat traansl}eer pl at éh%ﬁgﬁgﬁgggﬁﬁ | arge surface
arza tdsgpormint gws fifsd plartiad aemmuetingfdeviced At bloakblG at leastronketabeigzh conduct i on

and convection,. be 115 .is.arrapged tq have a_plyraljity of passes in
secon “Ezﬁf’tmfz%'%*{ea?&%‘a{er Rba%ﬁléﬂ}‘?géecfﬁg heat teangter plaje Ek%“‘g’&vant age of 25
the |HRER cERrdAEEIAE Fir R o3 DI 8AY th AR R i uid enters

i nl et 410cand follows the pathE%]lc tuge 115 ﬁgng%?%%étg e?' 420. In

addi tplastic vherepsihedube tormegied taithe sendret hedd Gandferplatesnag canpribeat transf er

plate 115 and exits, air tlet 450 i,ch ,al so serves to cool conputer
syst &m° .migf chya5 e tﬁiﬁe&a“é’egl{']g?s@g%’@taﬁ?ﬁé‘l‘adﬁ‘g\foh‘%ﬁa%%cond heat
tFoANShaErRl 91840520, ARidAs Rlbhlddihrddion aied per pendi cul ar
to display 444. Fins 430 are air 8%&gh&%&§gg§u%&&?%\?ﬁfgg PCT/ USO / 20049
“ycool bdattzargéaqlateeadab dhesachnd hegirtoanisfbe plage. eAit Wockhgs, heatansf er from t ube

~ 115 and tcpg an;z\ie t air. Firgure 10 illustrates a flow di agram of one
enboJrRBYEE BPIHRE SGHeRIC GHPONRPL | ock 500, a first heat transfer plate is

| ocat ed np@brOi1 HRARAAS AALWARIBLAR it Which chilied! 8%641&gggd%first part of a

conputing device. At block 510, at | east one tube 1Is pled to a first
heat thercomphgimgpdeatiee. abitblacks @b a duliedmtvirtg childddeftuid listarpldhe 4 ube

15  coupling disconnect. At block 610, the tube is located near an electronic

component such as microprocessor. At block 620, the tube is coupled to a first
heat transfer plate and a second heat transfer plate. At block 630, fhrid is
circulated through the tube coupled to the first and second heat transfer plates.
At block 640, heat is removed from the electronic component.

20 In the preceding detailed description, the invention is described with
reference to specific embodiments thereof. It ﬁi]l, however, be evident that

) various modifications and changes may be made thereto without departing from

the broader spirit and scope of the invention as set forth in the claims. The
specification and drawings are, accordingly, to be regarded in an illustrative

25 rather than a restrictive sense.



that is connected to the first transfer plate may be made of one materi al
such as plastic whereas the tube connected to the second qfe;ag 4 g;nsfer

pl ate may conprise another. material such as netal. Alterna Tve*r@, t he tube
may be nade of the sane 10 material. At block 520, fluid is circul ated

t hrough the tube coupled to the first heat transfer plate and to the
second heat transfer plate- At block 530, heat is renoved fromthe

el ectronic conponent Figure 11 illustrates a flow diagramin which chilled
fluid is supplied to the conputing device. At block 600, a tube having

chi | {88; {clcbided &- coupl ed to a 15 coupling disconnect. At block 610, the
tube is | ocated near an el ectronic conponent such as m croprocessor. At

bl ock 620 he.tube is. coupled to a first heat transfer plate and a second
heat tran;s'f‘&éfnebl}o tcg@p%fﬁ%l ock 630, fluid is «circulated through the tube
coupled tg the first and second heat transfer plates. t. bl ock 640, heat
is renﬁRPBﬁng?%ﬁﬁtthﬁ@ t@“é%f?’@?ﬁte ae&ﬁﬁfawew?mwef’ﬁu& Stpﬁ“é@(g&i ng detail ed
description, the invention is described with reference to specific
emboplirizbletoomphiing dévice ands secondesabtyansior plateiy axsaend prat of thawr i ous

nodi fications and changes may be made thereto wi thout departing from the
br oabadpusipg deticand scope of the invention as set forth in the clainms. The
specification and drawi ngs are, accordingly, to be regarded in an

i Il ustgdendihy & tetSperAMRAST thd@bctioniesdniontntye sense. 21 ' DEC 2004 What is
clainmed is? 1. A nethod conprising: coupling a first heat transfer plate to

an el -0n| | i : tahl e conputing device and
ec%g&%% g ?‘luﬁfﬂéﬁg@% s frdshid ety is Aetet &,taﬂﬁ

a secon e In a second part o e conputing device;
sensin .enperat.ure of the.el.ectraoni nt; caysi fluid to nove
when JrERpLERBedeE hewRep AR RRE n R P been it B 11T o bet ween
t he Ekrst heat transfer plate and the second heat .transfer plate.

plate.

2. The method of claim 1, further comprising:
coupling the first heat transfer plate to"a closed lm')p tube,
3. The method of claim 1, wherein the fluid is one of water, oil, and liquid
refrigerant.
4. The method of claim 2, wherein the tube is coupled to a pump.
5. The method of claim 2, further comprising:
coupling a disconnect to the tube.
6. The method of claim 1, further comprising:
sensing the level of fluid in a fluid container.
7. The method of claim 1, further comprising:
removing heat at a rate in the range of about 10 to 50 waits.

8. The method of claim 1, wherein the electronic component is a processor.

10



2. The nethod of claiml1, further conprising: coupling the first heat
transfer plate to a closed |oop tube. 3. The nethod of c$ﬁina% hﬁﬁirein t he
fluid is one of water, oil, and liquid refrigerant. 4. b tof claim
2, wherein the tube is coupled to a punp. 5. The nethod of clai'm 2,

further conprising: coupling a disconnect to the tube. 6. The met hod of
claim1, further conprising: sensing the level of fluid in a fluid

cont ai ner . 97ThelkiethBBbhaEin® 1, WheakittHe fHiidcirbelbtes tirpughstheaibe at sbomvang heat  at
a rate in the range of about 10 to 50 watts. 8. The nethod of claim1,

wher ej - | ' processor. 10 21 DEC 204 9. The

nmet hoaaq%%’}]gpglilhﬁe&{@é\/gvhgdrg)mﬂg&h/%e?o circul ates through the tube at about a
rate of 1 .lfghl iters/second to 9 m.liliters/second. 10. A heat exchangi ng
system conga"i tay exchapging SYREmCOMPLHLEer plate coupled to an el ectronic
conponent located in a first part of a, portable conputi rg devifce and to a
second A&t heatdrensisr platsoenpled o anclegrmgicqmpanepflogat mp"ofl;“| A ®onput i ng
device. a tube coupling the first heat transfer plate to the second heat

t r anspertabid atneuting dpvinp anditep sdondhaahigansidsdocatediin mseecrdper ofiesor coupl ed
to the tube and to the punp; and a fluid for circulating through the first
heat ﬁé@ﬁm@ﬁﬂgaeﬁaa the second heat transfer plate. 11. The heat
exchangi ng system of claim 10, wherein the heat transfer plate is coupled

to a tupﬁb@@%ﬁ%tﬁ{; gﬁ?ﬂedt%ﬂst;eﬂﬂﬁte td-the stbshdRat o pngd;ng system of claim

10, whereln _ s one of water, oil, and liquidrefrigerants, 13.
The heaﬁp%ﬁ%ﬁ]ﬁé&‘%tﬁgﬁfbﬂn of claim 10, further conprising:

a temperature sensor coupled to the tube and to the pump; and

a fluid for circulating through the first heat transfer plate and the second heat transfer

plate.

11. The heat exchanging system of claim 10, wherein the heat transfer plate is
coupled to a tube and the closed loop tube.

12. The heat exchanging system of claim 10, wherein the fluid is one of water, oil,
and liquid refrigerants.

13. The heat exchanging system of claim 10, further comprising:

a disconnect coupling secured to the tube.

14. The heat exchanging system of claim 10, further comprising a fluid sensor for
detecting when fluid is low in a fluid container.

15. The heat exchanging system of claim 10, wherein the heat transfer plate
comprises a plate-fin type liquid heat fransfer plate.

16. The heat exchanging system of claim 10, wherein the heat is removed from

the heat exchanging system at a rate of about 10 to 50 watts.

11



a di sconnect coupling secured to the tube. 14. The heat exchangi ng system
of claim10, further conprising a fluid sensor for detecting when fluid is
lowin a fluid container. 15. The heat exchangi ng system of 2c{ agm]@
wherein the heat transfer plate conprises a plate-fin type liquid gét
transfer plate. 16. The heat exchangi ng system of claim 10, wherein the
heat is renoved from the heat exchanging systemat a rate of about 10 to

50 watts, i mﬁ@ oiarRal DEbE¥shpAR@lnebRi M 10,
wherein a %@%g%@g%@%n%’s%ﬁﬁw e@?’( pl astic, al u?nﬂ%nur?]n copper, and

stainless steel.. 18. The heat exchanging system of claim 10, wherein the

el ectF‘g\%P’éP %GH@HP“I?“SCOPQ%P%‘gggg]@qsgﬂfgi The heat exchangi ng system of
claim 10, wherein the fluid circul ates, th ouglh tGe t ube at abput a rate of
1 to 10 m 1&dhe hegtexchengingsaptam el the glesroy& SEPRIERY el enent

di sposed in a first part of a portable conputing device; a first heat

t r ansé procpdsat.e coupl ed to the heat generating el ement; a second heat
transfer plate disposed in a second part of the portable conputing device;

a tube coup) gohehearldrEhdniging!syBtemt ofaNdmt log wheeimitie fiaid cinhladsdhpogh abl e
conputing device; a punp coupled to the tube; a tenperature sensor coupled

to th@ﬁ%@%’é?‘%ﬁ??&" g6na/ed.ing element; and a fluid for circulating

t hrou irst part and the second part of the portable
conput i ng vi ce erein the tenperature sensor causes the fluid to flow
in the tub®-ARAPPRRISCOMPUSDE e reaches a threshol d tenperature. 21, The
apparatus of claim 20, wherein.the fluid_is o of water, oil, and liquid
ref ri get hept gencyatingmlemen dispgicddn ‘IEtIP&Frﬂffd’,oﬂaﬁgl"8’inﬁuténg‘ 49E* sensor i s
coupled to a fluid container. ]

a first heat transfer plate coupled to the heat generating element;

a second heat transfer plate disposed in a second part of the portable computing
device;

a tube coupled to the first part and the second part of the portable computing device;

a pump coupled to the tube;

a temperature sensor coupled to the pump and the heat generating element; and

a fluid for circulating through the tube, the first part and the second part of the
portable computing device, wherein the temperature sensor causes the fluid to flow in the
tube when the temperature reaches a threshold temperature.

21. The apparatus of claim 20, wherein the fluid is one of water, oil, and liquid

refrigerants.

22. The apparatus of claim 20, wherein a fluid sensor is coupled to a fluid

container.

23, The apparatus of claim 20, further comprising:

12



23. The apparatus of claim 20, further conprising: 12 21 DEC 2004 a

di sconnect coupling secured to at | east an end of one of ':gg EﬂiﬁSt art and
the second part. 24. An apparatus conprising: a tube di spdséd @ﬂgortabl e
conputing device; the tube coupled to a first heat transfer plate and to a
beat generating device; a punp coupled to the tube; a tenperture sensor
coupled to the heat generating device and the punp; and a fluid for flow ng

thr ough . (kg oihFoaiBfRy Sdifri STREEAL b EnceoNERIof did fNpurpPurithheshoid

t enper afdre: pparatus of claim?24, further conprising: a fluid
cont ai ?r‘lrgr coupled to the tube; and a fluid sensor coupled to the fluid
cont aP#ér. 26. The apparatus of claim 24, wherein the tube is disposed in a

first part and a second part of the conputing device. 13
24. An apparatus comprising:

a tube disposed in 2 portable computing device;

the tube coupled to a first heat transfer plate and to a heat generating device;

a pump coupled to the tube; |

a temperture sensor coupled to the heat generating device and the pump; and

a fluid for flowing through the tube when the temperature sensor attains a threshold
temperature.

25. The apparatus of claim 24, further comprising:
a fluid container coupled to the tube; and
a finid sensor coupled to the fluid container.

26. The apparatus of claim 24, wherein the tube is disposed in a first part and a

second part of the computing device,

13



