WD 02/ 03770 PCT/ US01/ 20049 A METHOD AND AN APPARATUS FOR COCLI NG A
COVPUTER BACKGROUND OF THE I NVENTION Field of the Invention 5 This

i nventi owoetedres to el ectronic devices and nore parti cul R€TAStIRODIvE

di ssi pation of heat generated by a m croprocessor. Background In
operation, mcroprocessors and other electronic devices generate heat.
Excess heat can danage a device if it is not dissipated. Therefore,

general |y, 10 AIMETHQSNDr ANARPARATUSEAR-CROLING ACGMRUTERI ¢ devi ces
utilize heat dissipatin I.ssjpate excess heat. Figure 1
illustrates conputer sys%@@%ﬁ&&@%@oprocessor 40 or

ot her heat-generating el ectronic devices generally are affixed to a printed

circuit board ("PCB") 20 that is coupled to spreader plate 30. In the case
of 15 mcr Vorlon, heat exchange systemis usually affixed to the
PCB t hreugh bokts. i e blish ap_or. bond. lj,ne thickness
bet vveenga cool |O!rr1ltlgl§ Hg‘fe&%(ghg%ﬁﬁgé ng’%?(m;ﬁ M %@E&%E}F‘Bﬁ’& tegher pipe 55
i s coupl eddissipaéiah of huathengated®; MHiGBpRIckawE alir to pass through air inlet

70 and exit air outlet 80. Fan 60 generally continuously operates to cause
air to pasSaggrewdh air inlet 70 20 and out air outlet 80 in order to cool

conput er syste ne di. nt age_t onventi.onal conputer system
such as that skr?él\}\sr% TREr %ﬁ?@% ﬁegsoguaencf%&lﬁﬁ@e Fuc 8?V1C%§Pg%%ﬁ%ﬂjige_r 50 and
the |im tetxasphbitichh Yiadlagt BelehRalf iPisROt 8BsipAtcdD VI el8éle, herafR! | air

cool ed heat exchanger 50 to cool a heat-generating sourcé such as the

ni cr opl®cedugrramesspss andodrpheatigeangiagng elegtronip aevices widligkdat s a
configuratiyon. of. 25 a conputer.system whereby the heat-generating source is
cool ed at %%Slé’%ﬁ%%égﬂcm@% .dlséﬁaéf’ﬁﬁ%gﬁéﬂ ON OF THE DRAWNGS 1 WO

02/ 03770 PCT/ URBgt2OPAfhstrates computer 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 continuously 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 exchanger 50 to cool a heat-generating 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.
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The acconpanying drawi ngs are included to provide a further understanding
of the invention, and are incorporated in and, constitute a part of this
speci fi ca®ono37The drawi ngs illustrate enbodi nents of thePCTVW&NTI0049 and,
together with the description, serve to explain the principles of the
invention. In 5 the drawings, Figure 1 is a schematic angled view of a
conput er syst ehehedogpamyiny diantings dre guihede tolgroside atfesther t op angl ed vi ew
of a conmputer systemin accordance, wi.th one embodinent of the ipvention;

Fi gure 3 iundgetansding of e pwaniions and gednfarBRaiien B CREUHHRT PSSt ce of
fluid 10 éhglsggcgﬂéatﬁ)hg%@_d%aw O?gﬁs‘i’fa?@erﬁbmﬁx@hfsecﬁtthé’ﬁ%nﬁé'@§n&,0Up| ed to an

ext er nal source in ac ance wth one enbodi nent of the

i nvent i on;togdtherrwith thd dessiiptbnseaveltb esplrircth puiakipieshd thouykatdon.onan
external chilled source in accordance with one enbodi nent of the

i nvent iSon;thagrawiggse 6 illustrates a cross-sectional view of the first heat

transfer plat eyki{hgﬁﬁ%%%?&?atﬁeﬁ\e@dn RaQnsy SRS PRR sPdtedn they@st &@n; Fi gure

7 illustrates a Vi ew 0 irst heat transfer plate in accordance
with one embodiFige 2dfiudtieted atoprangted, vievgl aeoBipuldrisystent ingiceordanpceyi ew of

t he second heat transfer plate in 20 accordance with one enbodi ment of the
i nvention; wml"gcarreeengquwgg? IentiPRss- sectj onal view of the second heat

transfer plat eFﬁ%&ﬁg@ﬁ&@&%ﬁ%%ﬁdmeﬁaﬁe%rﬁdngo&ﬂay@flﬂhﬁn; Figure

10 illustrates lagramin ich fluid flows through a first and a
secondjgpar tis @edconput i ng device in accordance with one enbodi nent of the

{1 ow i agr am | LG ARIEATAPEEbrEIoP CAETIRE Fut PHETEHM ng. devi ce.
DETAI LED Dl;&ggg E-lrg(%ll‘deg‘lce with one embodiment of the invention;
Figure 5 illustrates a bi-directional tube coupled to an external chilled
source in accordance with one embodiment of the invention; h
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 illustrates 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
75  invention one embodiment of the invention; and

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

the computing device.
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WO 02/ 03770 PCT/ US01/ 20049 The invention relates to a cooling systemthat

i nproves the cooling capacity of a conputer system and thereby inproves the
conmput i ngv@er/6raxance of the conputer system The conputPET/Ag6MMAY

i ncl ude a not ebook conputer or other suitable portable conputer systens.
The conputer systemconprises a 5 tube that is coupled to a first heat
transfer pl at eThashvbatien fdates genelodihg BYstenah@rimprovdsehe udingont ains a fluid
t hat renoves heat from a heat sourée]i ransferring it to a heat transfer

plate. A SeRASHY ohasomprisssVerMAns: Y SPEOVES S ‘foér‘li"ft&}%?%forfr}?@c%ast e
heat fr Omﬁf he c%%ﬁﬂté}%yjsfeﬂy'ﬁlet& clﬂﬂl S {8 Mna %lﬁ(@@a fibfeboblc@fAghdet ON tO

cooling t ter “system es of he invention are also able to
reduce nobsgethab an‘ltabl@pomablh eompnpe speﬁ:elﬁﬁ Thoe dinpleter fsten compaisesh t 0

conventl on ystens ¢ e fans. aratus incorporating such a
cool i ng Fg?ee"ilﬁT@Ca‘éE]@H itDa Stlj—f}eﬁhii’f%nséer HIT“i%gPFléi? aileafrﬁ%ﬁgﬁ etl%‘g i de view
of conput g4, $Yi%t &BkHDa ilid &%@%M‘é%é{%fmngf}ﬁaﬁm?@ HBRFerfihglif¥® 4 Nventi on.

In Figure 2, mcroprocessor I's nounted on a printed ci rcwt board
("PCB") (heattsdrafar)platduBesetdrid hé’at Manvﬁedpkttmcalspmgecﬂ tairengfer the atasta ansf er

plate 125 (al so referred to her t he flrst transf ate). The
fluid in hapdramdhe ceqlingdiguihie &F@F‘g’l?rﬁéf’o gy fo cq ﬁﬂg%h For

i nst ance, &)ﬁyer :ggéltlaltﬁe telc!ﬁ.ﬁlg[ V\%&l {BE ihvinkiBf R %&?{1 1€th Md‘ﬂlkgngige Y&t because

water is eas atea en a portion e water has dissipated and
wat er 10ausethd rafige sm tordg desibeBeohgaied toanaiartiophbdystehdbthatai fanonal 1y, if
the water 20 is accidentally rel eased from conputer ystem 100, there are
no envi rO&WP@F&WPE&@F%RYF‘BH%S?%C%hé‘gts}’?tﬁ‘@éggﬁscf% the clean up of water

as Opposed to g{éb]?%clflﬂl%lh%§es gle@%}ogﬁleﬁﬁ&y lOP‘E(ﬁH U_ig' pﬁteILllUO ﬂ’§ t hat may be

used in tube 1 e variou fluorinert which 1s comercially
avai | abl e atdcpdnddwige aheembodiBient Bathe, mMmimescbm EJ,guECZ,‘:'rmc@qmbaewd)r 25,

Cool anol 45, and liquid refrigerants 5 'tégt Ey i se rubber,
pl astic saé(ihlsa@ow@uegwmﬂ@ﬁﬁ@w%boar Ruriotssap: T‘é}[’ea l ess steel or
other ,guit P ov18e§a)t Ei"luld kS R(I,a?t Sh%ggﬁé%ﬂ pfa\’é)?%5](é|d§0 ﬁéf@f@&&?ﬂgeﬂﬁe{stthéﬁpstm

corrput| ng-devi ce I S conpr such as stainless steel
al um num h@@lﬂﬁiﬁ{sféirplﬁ@)( m&mndaummne inatidds. anyfhed 1A nheycled webdifor f i r st

part 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 system 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
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110 and second part 120 of conputing device 100 nay be made of the same or
30 different material. In one enbodi nent, conputer device 100 is a notebook
or 3 WOWQHIEN7® PCT/ US01/ 20049 portable conputer and fPeBUS@0049110
houses the notherboard, power supply and the like (not shown) as is well
known in the art and second part 120 houses a liquid crystal display (not

shown) or g&ﬂ?@olé E&ﬁ%ou{@ﬂ had Hi& Jass] 18 Mdusaehe mdtherbhard, pawgeswfplpbodt 2mm t o
15nm and l'ength that ranges from500mmto 5000r’rg1 5 qs ndi ng on the heat
renoval r #wlikednetrshown)ise isyell kaowa dytheqrt 31 secend partt Qﬁ@“seé%d second part

120 of cojpput.er st.em 100. 3 V@l t ube 11
be secure g C&%Srs%ltﬁlgma%8%%3%1%%8?%g&%n?ﬁ%ﬁ%e}g%g%n%%eggg%Etshgdu guc h5a;nal g
wel di ng Ofar3elddgpbiPrhmeotiBlen e i &drigtuthah eatges froeaEdnsman§0Meam t r ansf er
ot hes 10 abprsting o Srpasrerag i srauizmotont e EiPde Stted: dieige 4 s n "

_ e s in
which tube 115 b r i f 125 |
first par fm(%i%fogﬁé?a tgla C{fr%g%gg teérr%g glf[n‘éfl% '1%9?%%2%815%?%?#%? d%tsgﬁaﬁer ei nI 23 t he

second heglipel 118084 }EPe filcate) toiconfreangsipar 1001 A0echanicanpedrisrgay yssesim 100 to

renove heat generated by conputer system 100 in the ran of, 10 15 watts t
50 watts. sEilgaswelding o1 soldesingsthe Hebedgvgrigns B??ééﬁ\?ﬁﬁer*ﬁ?g}efgga?séercoupl ed °

to fluid contai ner 0 i cQntai . i t
b a i Su gl O Al R Rl et g B art e ROt P g

tube %85. padd s @nfpiéiyeeim 140 generally has a volune that ranges from
about 10 cubic centineters ("cnB ") tao 25 cnB. _The fluid cqntaj.ned within
tube 115 may r Zheye apoalse srEEeHs WaysABovRich the 1R &avdre ad%"lﬂﬁeade@hﬁ%bi lity is

direct!y REARYLLL QRS0 G RSS: HOUS RlE btk 1aE0R0 @Ml KM f eovi ng

heat from urce eat rejection point such as a

heat trangh gbrefl & Be sbSordl KRS Hhhsferl plate) anaedond phrtfIlObfcqoppia t hr ough t ube
115 may i ncrease or decrease the amount of coolin t,ha%occur
t

m cr opr ocegstem 10800 ranevehgat gererpiedtycogputen ysieat Hilan thajangs 038135 Sst t he
mass f1|50WV\rraat’Eseto %}5 Was. fFX;‘;tPrg Ztﬂgstga%gsi SHE 26 %ﬂ%ﬁg&ﬁelﬁy qhpBg13 E%ohﬁféﬂt h
to fluid 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 (“cm3 “) to 25 cm?. 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. Asa result, the
amount of fluid pumped through tube 115 may increase or decrease the amount
of cooling that occurs 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. Temperature 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



or the dianeter of tube 115 in order to increase or decrease the rate of
cooling. Tenperature sensor 180 is coupled to fluid contai ner 140, punp
150, andweoopaerer managenent system 132. Tenperat ure sensP€T/U8@/i0849abl e to
sense the tenperature of mcroprocessor 130 when m croprocessor 130
reaches a threshold 30 Ievel such as in the range of 70 to 100 Cel ci us

t hat reqmbeeascwwdon@wlwgogysltc@mmer systO 0. O312 C0oRQT 41481 20049 be

activated in er, to, cool ut er yst 100.. The cooling systemis
acti vat ed V\Cirtilvﬁ{eg %}Eﬁr&’reéatélﬁ eGpor ) ?%%Slﬁn%lltﬁﬂ?ﬁwefg‘aﬁé&%me%nagenent

system 13Z%yistei T3 indgkatingtha attﬂfe@ﬁdﬂgl t&n&o@ﬂ?@lreq{ag e ASc reached by
m croprocessor 130. Power managenent system 132 controls operating 5

condi ti onwoﬁméeségblﬂ%djog\gﬁgﬂmmag@memﬁypmh@@mwcm;ﬂe@ﬂi@ch as the

coolin fl unpi, N te. r mana em 132 na ncl ude nenory
or be gjcoupé1 f{}f %Omgéw%‘ T VEHD %ﬁ@‘ﬂf (foﬁﬁéﬁ?%gt? HL?grrermry
("ROM), ﬂtﬁd@ﬂﬂ}ﬁﬁ%&&t@ PR EHRE mahag’éﬁ{éﬂt,sygi@ﬁﬂﬁjzlrﬁ dsdin%hlcﬁetrﬁélﬁg ﬁﬁ&l a,

chi

optical st orage(91 fl ash nendry. devi ces, ot her ne-readabl e
medi a. UsiCt%‘P toraggemery detieudYlieoney sryrieduds tdaqubpmmamnﬁé[@hvﬁmt system

132 or in Ahy ot her swtabl ation su s the chip se not shown) of
conmput er Systemitbos ™ ﬁéﬁée@@ﬁe%iﬁ&%@gﬁ l’ﬁ%ﬂi"r"é’%a}ts’ﬁfgaﬁ%ol ing
system by fn@@ia ﬁa%ﬂdh@ﬂoéy d@m@éaaénct/%rraﬁ{@ n%a‘%ﬂn{eoreﬁamé nRIEPI Bgpf | uid from
fluid container 140. Once the tenperature of mcroprocessor 130 is bel ow

t he t hiles h@pgrammmmmestomdmﬁhm@qmmwgmesymsm 132oisendy anot her

|t S f d t 150. Fluid
ensor 100N eBeIRRioB B AT bR gt sbPvohof SmeHE: et 100mnagenent
syst em 13%oudrihshaa@RRak sﬂs@&n'l@Z @&ﬂfdlgﬂ{e%@olﬂgélé@é}n@ 'm&{]%ﬁ a detect when

the fluid contained in fluid container 140 reaches a’l eve requires 20
fluid to Iségradtepumy 10w dtaclrpmnpmgrﬂui@&oni fluidhentdingrd 40nOhkelttd cont ai ner

190 1 | Otgbldl 4 ASTL, 190 5500 2,5l qpel g ppuer, mencgenent ovstem,
StOp PYNPIf&hagBRWRE system 132 sends another 51gnal to pump 150 to stop pumping fluid
from fluid container 150.

Fluid 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  fluid 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 fluid 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 or a
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



managenment system 132 nay al so send a signal to the graphic user interface
of conputer system 100 that the fluid is lowin fluid container 140. 25

Tube 115w@ 020320 coupl ed to coupling di sconnect 170 whi chrel/uswom9user to
detach tube 115 and couple tube 115 to an externally supplied chilled fluid

or a flui qgéhzig) :415 cagﬁg‘l e of reducing heat generated from m croprocessor
130. This i gyrestipppiraes prasushipatls obthe dluiddvhenipecbupyinghe ext er nal

cool i ng | oQRscohRsitden & I . |i,ng di sconpect 170 may be used to
ei t her augmsnctO t he 30 g%egltl?ﬁ%n@go Ofﬁgllﬁ@%ff%wﬁgﬁuapﬁgﬁh@dast%mon of the

cl osed | oogontpinez20P.ormed by 5 WO 02/03770 PCT/US01/ 20049 tube 115.

Figure 3 ill ustﬁﬁtes one such path of the fluid when the coupling
di sconnect 170 ieeigafel, fbedldajiqsaenpead ip heatésansienplaty 125 mph aed pldted d st or ed

in consai pgyr i 15 1 s connected to heat transfer plate
125 such as atyglggglé{mgéa? ?%ﬁtﬁgrplggﬁbcgﬁtﬁly%gaetd LR EP PR éon]é‘ttﬁlfs | ocat ed

near m croprBeasisidd of 8emipntdrivpsterhi108t Phad-fin LSk ]ﬁt{ui@%@@t‘&ﬁsf&%ﬁ%’c@éﬂ 100.
transfer plates utilize plates o I ns that

Plate-fin type ljquid he?@:l
serve as h&83t“¢ Pj:i‘g‘?foérf% tHes ag hgatairansiersurfoces amdor framh éo sygiatretheor fi ns.
Heat - t r anshefedd a2 )¢ I opper. alum nym .or stainless
steel , but i)t it?dz};ni um %@%@gﬁﬁgﬁg@ebﬁrggfgg%%e C‘f—%ﬁ“’eﬁ'ﬂ%’y“@' PBhosphor 10
bronze andsteirjesssteekdlut itsniahseickd, 686, IndeRl s anshal, R':,?} %E%I%I fins

iyen hh t transfer

i nduce. . turbul engﬁ in the fluids and assure nore effic
and cohpl eP¥TEE gl cHPEnishslimag plsotrasedoHealgrnsiirplpes sefind indacgh t ube 115

and into opgbaiedte & tht MEigNERE replate 125. As the cooler fluid
passes thr gugheheat t%gﬁg er pﬁsglﬁ%q’%% effg%%“t&ﬁﬁ‘g‘awf%f%‘plﬁoa}ﬁ%tyﬂ@w heat
transfer fiisgil36ns iherodkindflaidressd thrthoh tubE8L5 4l AR XL fromthe
met al surf]gces of the heat transfer ﬁl ategto t he cooling fl‘aﬁ'n CAfter the

heat is ex 74 oot plase & %@?F?@ﬁ% gid prssasehipghdivathanstaylaie 126 cooling
first par cokr0ran M Bl ek s Joh RS g e ondE Ao0 The
fluid 1ol | owhandeel fpaintthenetalBarfdds of thehosetibhsidd pilid 8Ghi ALLLE ARG VE O
first part 110 E.ffter 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 fluid
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
range of 70 to 100 Celsius. Alternatively, the fluid may be pumped in the reverse
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 externally

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



20 conputing device 100. In the top portion of second part 120, the fluid
travels in a generally horizontal direction and then in a downward

di recti owob2/eeond part 120 of conputing device 100. TheCtAsdidob4sen exits
second part 120 and enters coupling disconnect 170 and passes back into
fluid container 140. The cycle then repeats until mcroprocessor 130 is
proper |y cootet rogtefor dephid taflew thumughsoppugogeieuick J0Q eBhayfeitied by t he

fact foth ter. h.as in.th f 70 to 100
Cal'si . APEP R DR ERa Rt P A B dBonsBi o ronB Pig@peessif oot on

of the patiBodadehidagt haboyasfdriplyet 2R Mok ehidands divent r@thrﬁilag thévention, a
differentﬁﬁgth of the fluid flowis shown in Figure 3. Coupling di sconnect

170 i s corffeé tegontaingh2@dheeueh tupe 139 Kigitdsddh filugiratesmsssectomeh as

cont ai ner _2 The..ext.er nal il ed fluid ovi.des 6 2103770
PCT/ USO1/ 2%‘8‘%%"‘( %ﬁ% Cé?“&%%%l osrhoﬁ?emfﬂll%l'i“& 3?‘58&? ]%VW sﬁ%’?ﬁ%ﬁ%"g i ng

devi ce 10Qrankpertéd t ebrRgsinsddviccol0Dhidughth SorabALNRIbe 198 cavtbctedavel s
beneat h or around m croprocessor 130 and through heat transfer plate 125.

The 1 ui d erfieri2dBand e thaid thati hieg conwleted ifs pathohearghdhaepoligrystemdugh t ube
10 oo el i S0P ATRER S A 1t BB o g 858 e, 1o

198 shown in fbure coolTn e ed to

conput i ng Fe¢k&apkdBigubé 2UBRtAtR Ak dRBeeiodal PR WIS DI CRREEEAA duBo 98cONt ai ner
200 and the fluid that has conpleted its path through the cooling system

i s retldr nda whickeenelimgi{brid fouels kewughroatpithgr dgyigethumgbfinger-tibe €6t i onal t ube
198. For %)ﬁ%rEﬁcla fl&bc{e: {s%gtrél?neido%ol dUBLI aLBs (3 C%Iﬂﬂlslgl-tﬁ](e)gfgfil ?l%%:lejll | ew of

bi -di rectiona In i chcooling “toward conputing

devi ce t hroughativelg FifuRe illddirata@uiltebds 1D én tahdesl Wiekkbk @ eent ai ner 200
for chilling through tube 118. Alternatively, Figure 5 illustrates dua

tubes 119 allawingideifted fnid tothsdransppied tathesampytiogiderisd 100 anditherther
anspor S0 Gy DR RO 65, SO AR bl BRI I
cont aijger sofRlotBAQWAlaiN@YnHEHeSLY niY 15l e tb b@rd ihdiffiid Rad hBabedeen used to
cool conputing device 100.
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 some 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 disconnect 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
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In yet another enbodinment, the fluid does not bypass heat transfer plate
210. Instead, after the fluid travels beneath or around m croprocessor 130,
the fluivdoexv1730the first part 110 and enters the secondP@RUSIIIAMIOf
conputing system 20 100. The fluid then travels through heat transfer plate
210 of second part 120 of conputing device 100. Thereafter, the fluid
exits tubdodaisl mradvasivty pEplecestsaches a dediding stasionmnoalivenatigtuaiengér  ( not
shown). | not her enbodi nent, the fI.u'g2 may. flow in the reverse path. For
exanpl e, tHEM UGy B p e ‘Frrsdlr‘ﬁab r*?%ﬁ%r%}r 200 to coupling di sconnect

170. 25 From ?ngﬂlaé 68 sﬁbﬁz(‘eﬁ’ﬂls[}%&i vk of thefidst bhdlsQRBhE heat iRtk rar@pd begins

to travel throu second part 120 of conputing device 100 follow ng the
pat h defi (&2, BID). Figvae 6 iBustipites o drapadsesiipna visye ohthegwat tramdersfysteonput i ng

device .10Q apd, enters fir r 1 f utin vi.ce 100, The fluid

Craver § bARBAH G st b 155 (ot 2ot 150MR SRRt R BN 6t ont & ner
140. The fdadkabeedontwhith 161fd:tB6r ERpl@l REHtebffle@BECIiNSIV. AMeha] Wi idiener 200.
This external cooling systemmay be 7 02/ 03770 PCT/ US01/ 20049 | ocated

in a vari ) ags appgeedudiyetadhssive bejpieen intsgratddortcuiPdf and fisgtttieaty current

battery charger br.i r so of her i tabl ocati.on. Figures 6-8 show
enl ar gud VTR spet e THesbe Rl B Bt R Rer iont b 8 s 210y

Figure 6 idpoiptdlatdifiedc Mafshi, SREpHIRNT aivyt 8WePduitddR Merkial rBRThest system 5
for first heat transfer plate 125. Solder balls 310 are connected to

i nt egrl&t edragisfes plate 1Pnis kageecszbtoghplerality of heatisevk pin dips 860t o i nt egr at ed
circuit 330. Thermal .hond.lin 340 ts.as, .a_conducti dhesi ve bet ween
i oor at oa i 1 SRR BRRRte B Y oF ik BB PRI GE 1YE BRGSL VC PD E

line 340 nRyelafdd Ho@ iTRGeAtbALBCEUSID B Eragsfonse ,throa?nmeman BEH® [AE BLO
material, graphite, or any other suitable material. First heat 10 transfer

pl ate 125 tpéirgdwabieansdenpiatg 136 andheatsin pindins 260nklujd from Wheddd. Figure 7
oL 2L g AR LS b b B8k AR ERPL P e TR BBy mone
IF: L\;adSl]fs(r)O nf}ﬂtg l?fgg.r ﬁ% hert hdsrAtshEbntH b ehrbash ABs siEapinTiilespwhifd ns 360.
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 ﬁeat transfer plate
210 has a large surface area that allows heat to be transferred to ambient air
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
25  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 inlet 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.

30 A plurality of fins 430 are located perpendicular to display 444. Fins 430 are air
8



enters inlet 410 and passes over first heat transfer plate 125 and into
heat sink pin 15 fins 360. The fluid has a turbulent flow through heat sink
pin finsvwa02odirch causes the fluid to have | onger cont ae€TWSeR0b49r st heat
transfer plate 125 and heat sink pin fins 360. The heat is transferred
fromfirst heat transfer plate 125 and heat sink pin fins 360 to the fluid
whi ch exi teolqdrastdeerdired ahave variclppravides 2Beattir lnaag bransfat frem WRe 1¥nand eent er s
tube 115. t%gaFikgétheaiB illustrates a top view of second heat transfer plate
210 that i's ‘focatéd in second part 120 of conputing device 100. Second

heat transfer [Higire 10208sthass AflbRGArew Jfane ealRdihfalorahd BMEnfiGat to be
transferred to anbient air through conducti on and convection. Tube 115 is

arranged totPladeSd, pifisstdient (apgfer platedelocpted seanerdupterneatiz an efecconigut i ng

devi ce 00, V. f 2 I rface area of
second Sheactolnt{br(gﬁgﬁgré %fsré? gﬁf Tg.cgi&'ﬁﬂlgg’gglﬁ 1&?.5}%?%08?5%8?%%t onregpf)%ws t he
path of t ubeplethoarfikseédt sraasiel platel@U a bdtond Bledd tedhsfadiplatpaFEE€futlehr ough  ai r

inlet 440, travels across heat transfer plate 115 and exits air outlet 450
whi ch  al s9akiscomreciesl odbe fies soster Pjs masnbe gmademt goe anaerialisuch pait es a

Cross-sect, Yy f QQ e | at 10 30 A plurality of
fins 430 rlg o%%%%% %ee rtggér:lgl CSF%?E? 0 eg’{égéprfdz’i%&ﬁglﬂ.% = Blé?t%?@y ﬁ?lglpélis? 8 WO
02/ 03770 REBASAAt20A4Ach aoaletd. Adtedestielyhawk abeveyWel ahd 6L dase gr eat er
heat transfer fromtube 115 and the anbient air. IXi gure 10 illustrates a

f1 ow di%agrantesial ohicblagkherfl it is girculated; thyaughi the tubemoupleddk thofirsta fir st
heat t i { ) th i | 5
Component et ufpdbyiaf ARAEAT.QBRA Bk ANGREITAL  ABRL B0 BBRE. ° cast one

tube i s cauploedd honatHd dlairdn@adoniparat.er pl ate and a second heat transfer
pl ate. The tube that is connected to the first transfer plate may be nade

of one mat eri aFigeAldustistess flow wirgremgn much diled Buideie sepplied tohe second
Lot RIS RN AR o1, AP TR AASh RUE D FRPIEIEE o 20
fluid is couplihgtedothycaughblobie610) e €Y R 18ehtbdnédiemf dléSionic

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, fluid 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 will, 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.



heat transfer plate and to the second heat transfer plate. At bl ock 530,
heat is renoved fromthe el ectronic conponent. Figure 11 illustrates a

fl ow di agv@m/03r7ehi ch chilled fluid is supplied to the cpapusivyodevi ce.

At bl ock 600, a tube having chilled fluid is coupled to a 15 coupling

di sconnect. At bl ock 610, the tube is | ocated near an el ectroni c conponent
such as m croprocessor. At bl ock 630LAIMS: tube is coupled to a first heat
transfer plate_gnd.a secopd heat transfer plate. At block 630, fluid is
circul ated thr(\@b‘ﬁlﬁﬂémﬁ ¥ coupled to the first and second heat transfer
plates. At block 640, heat is renoved fromthe el ectronic conponent. 20 In
t he precedi ng g&eﬁ@ﬁ{(ﬂd;o@qﬁ@gﬁﬁg)ti on, the invention is described with
reference to specific enbodinents thereof. It will, however, be evident
that various ro@plingafirsshsatdranstssplageto amsledfroniadunporantioa fikst ipotit
departi.ng from e broader,spirit. and s of the invention as set forth
in the’cl & re%é).ort?%ge “oSh ﬁ)e%fq}% devisesm s C%f%ﬁ@f"ﬁ&é“%ﬁ%?%%%‘oﬁ- FeRY 2t o be
regarded iof tlidcdrhpuksig @éive ard rather than a restrictive sense. 9 WO

02/ 03770 PCT/ US01/ 20049 CLAIMS: What is claimed is: 1. A nethod

conpri sing: co@ifilagngafiuidbetiegn one ahdedirstdieat wanderplaielangdtassaprd conponent
ina first r f.a portable conputing device and a second heat
transfer }\egﬁégﬁlsrflaapqgt&ond part of the conputing device; and circulating a
fluid between one of the first heat transfer plate and a second heat
transfer @ ateThemethed ofdlhindl dirthbadommrisifigir t her conprising: 10 coupling
the first heat transfer plate to a closed | pop_tube. 3. The nethod of claim
1, whéPein t he st &fﬁﬁé‘eﬁFﬁWf@rEla‘@iW?C?ﬁﬁd lqogdtke: refrigerant.

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:

15 coupling a disconnect to the tube.

6. The method of claim 1, further comprising:
sensing the temperature of the electronic component; and

causing the fluid to move when a threshold temperature is detected.

7. The method of claim 1, further comprising:

20 sensing the level of fluid in a fluid container.

8. The method of claim 1, further comprising:

removing heat at a rate in the range of about 10 to 50 watts.
9. The method of claim 1, wherein the electronic component is a processor.

10. The method of claim 1, wherein the fluid circulates through the tube at

25  about a rate of 1 milliliters/second to 10 milliliters/second.
10



4. The nmethod of claim2, wherein the tube is coupled to a punp. 5. The
nmet hod of claim 2, further conprising: 15 coupling a disconnect to the
tube. 6. Wide2/mstihhod of claim 1, further conprising: sensipPgT/URE/20e49per at ure
of the electronic conmponent; and causing the fluid to nove when a threshol d
tenperature is detected. 7. The nethod of claim1, further conprising: 20

sensing the level of fluid in a fluid container. 8. The nethod of claiml1,
further cohpri ﬁ#@?teﬁé%\%mg’é%c%Pﬁsmﬁte in the range of about 10 to 50

watts. 9. The matBORpl:abb@k Plaks cotRLFl Dl fEcRHAELLANLE eRMRORSL | 5 @

processor. 10. The nethod o erein circulates thr ough
the tube dirst p&taboportableabmpafing davice ihd ted sécond beadriieklate

mlliliters/ sceﬁgond. 10 V\O.OC%/ 03770 PCT/US01/2Q049 11. A heat exchangi ng
syst em conPrAteq fity? secopd part of g pettahle FuPPRIng dedgtisndd to an el ectronic

conponent | ocalatlforirchidisly (AR UnedrBRY h2bhes SORBE b deirge and to a

second heat transfer plate ocat In a second part o e portable
conput i ng sdewicdtheat smagisfer platd.ui d for circul ati ng through one of the first
heat transfer plate and the second heat transfer plate. 12. The heat

exchangi ng,sSys claim.11 erein.t heat. transfer bﬂat is coupled
to a tubeglazhd :I%ghc 58S W%%%SXS\S%%. ?‘i]ﬁ%m?ﬁew gﬁ?%‘f(@ﬁ%ﬁ&rﬁ 1§§astFésm of claim
11, wher eiddouphe tblatube hfid @ecl@fedW8dRube. 10 0il, and liquid refrigerants.

14. The heat exchangi ng system of claim 11, wherein the tube is coupled to

a unp. 15. The heat exchangi ng systemof claim1l1l, further conprising: a
di s (F:) 0 mectmc ou Eﬁ? ﬁ‘@a%"é@h%ng & 5?%& glgin 11, wherein the fluid is one of Wartrg‘/ )

10 oil, and liquid refrigerants.

14.  The heat exchanging system of claim 11, wherein the tube is coupled to a
pump.

15. The heat exchanging system of claim 11, further comprising:

a disconnect coupling secured to the tube.

15 16.  The heat exchanging system of claim 11, wherein a temperature sensor is

coupled to the tube and to a pump.

17. The heat exchanging system of claim 11, further comprising a fluid sensor

for detecting when fluid is low in a fluid container.

18.  The heat exchanging system of claim 11, wherein the heat transfer plate
20  comprises a plate-fin type liquid heat transfer plate:

19.  The heat exchanging system of claim 11, wherein heat is removed from the

heat exchanging system at a rate of about 10 to 100 watts.

20.  The heat exchanging system of claim 11, wherein a tube comprises one of

rubber, plastic, aluminum, copper, and stainless steel.

11



15 16. The heat exchangi ng systemof claim 11, wherein a tenperature sensor
is coupled to the tube and to a punp. 17. The heat exchangi ng system of
claiml1llwéuoroiter conprising a fluid sensor for detecti nBCWosow/fob49i d i s
low in a fluid container. 18. The heat exchanging system of claim 11,
wherein the heat transfer plate 20 conprises a plate-fin type liquid heat
transfer plate. 19. The heat exchanging systemof claim 11, wherein heat is
removed fr@h t hEhe heattexehesigingryatpns gbsdlaim &t whereindhoéleationit cdBpowent00

watts. 20. .Tahem@gastor exchangi ng system of claim 11, wherein a tube conprises
one of ru sbe?, plrastic, alum num copper, and stainless steel. 11 WO

02/ 03770 PCT/US01/ 20049 21. The heat exchangi ng system of claim 11,

wher ei n t h@2.el ethe hetexdemghpesystent 6f daipt UG eds¢in tR2fluifierdagads exchangi ng
system of ¢l ai n&é& erein the fluid circulates through the tube at about
a rate of Pys eh’i"‘%é&.a ot agategf 145 J4maly 8e¢. conpri sing: a heat generating
el ement disposed in a first part of a portable conputing device; a first

heat transber pA@tagng@g&gmgﬁsiﬁQe heat generating elenment; a second heat
transfer plate disposed in a second part of the portable 10 conputing
devi ce; a tube tbeaflgetetating elenfent disppsed inemnfrst part e pndaplarcbmplstinge
portabl e onputing device; and a fluid for circul ating through the tube,
the first p%ﬁe’and the second part of the portable conputing device. 15

24. The appar atwﬁrs@he@dt@dﬂﬁezilat@/e@&ﬁwtéﬁﬁl{ekul%égnle&ééﬂ{gﬁerﬂfmﬂ"at er, oil, and

liquid refrigerants. 25. Thé apparatus of cla ereln a tenperature
sensor i s coupl@skcpnd feat transfer plate disposed in a second part of the portable

10 computing device;
a tube coupled to the first part and the second part of the portable
computing device; and
a fluid for circulating through the tube, the first part and the second part of
the portable computing device.

15 24, The apparatus of claim 23, wherein the fluid is one of water, oil, and liquid

refrigerants.

25.  The apparatus of claim 23, wherein a temperature sensor is coupled to a
processor which causes the fluid to flow in the tube when the temperature reaches

a threshold temperature.

20 26.  The apparatus of claim 23, wherein a fluid sensor is coupled to a fluid

container.

27.  The apparatus of claim 23, further comprising:
a disconnect coupling secured to at least an end of one of the first part and

the second part.

25 28.  Anapparatus comprising:

a tube disposed in a portable computing device;
12



processor which causes the fluid to flowin the tube when the tenperature
reaches a threshold tenperature. 20 26. The apparatus of claim 23, wherein
a fluid seo8pe377e coupled to a fluid container. 27. The pEpas@yaes49of cl ai m
23, further conprising: a disconnect coupling secured to at |east an end of
one of the first part and the second part. 25 28. An apparatus conpri sing:
a tube di sposedhe tule qaplediib @ frstripat tragsfeleplaand th2 AR ot DR

PCT/ US01/ 20049 %e tube coupled to a first heat transfer plate and to a
heat gener@t17fg®™Uevice; and a fluid for flowi ng through the tube when a

tenperature sensafiqabi A _r&%ﬁ?ﬁ@ﬂl&&ﬂé@ﬂ&ﬁ rgtur(? %1% mﬁn@;@par atus of

claim 28, further conprising: | uid container couple e tube; and a
fluid sen§bﬁ$bokbkedM¢duﬂhe fluid container. 30. The apparatus of claim 28,
wherein the tube is disposed in a first part and a second part of the

conputing fevi g, a%)%alja%us of claim 28, further comprising:

a fluid container coupled to the tube; and

a fluid sensor coupled to the fluid container.

30.  The apparatus of claim 28, wherein the tube is disposed in a first part and a
second part of the computing device.

10
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