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WD 2004/ 032231 PCT/ EP2003/ 010800 1 Mcro-Structure
Cool i ng Device And Use Thereof Specification 5 The

woO negnsien rel ates to a cooling device that i SPCT/EP2003/010800
- characterized by mcro- structures (mcro-structure

cool ing device) and that is u§ed for cooling objects
by heat-conducting contact. The invention relates in
particular to use of the mcro- structure cooling
MieFo BEruceiirec0BbIiRg Divies ARG Gsé& TRBAIFNE S, 1N
particular electronic processors such as centra
processing units (CPUs) and conponents of power 10
%%e@ﬁ&E@ cs. Wth regard to manufacturing process, the
Cro-structured cooling device in accordance with
the |nvent|on is suitable for mass production in terns
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sﬁﬁ@t@:?%(‘rﬁi&r%%tﬁf&tﬁ\‘é"@d&ﬁh@deh@e ) Bh@mat WIBEE Fror EaollfPobjects by

conti nuous increase in The capaC|ty of electronic
h@@hp@mmeg cpatact.iThet inensiontrelatesingrasticular tof wsskof the micro-

rﬁ@tﬂ%%@%ﬁe ae{\]nd@ f%[' EB&I%CgeégaFém%?bﬁB&g%tghb rRalrtlcular electronic

I NCrease ese “conpone

pmcmsabnsrsmatasoaenftnat phsessiny anits KAPES) tihd sosipbrehisawf.power
al t hough pmeasures are

elriemeai B P BOR R B HECHHB A OGRS B e S GERs QNG
dGWSS i®bEcorbBn@ddith N inveRfor?@ dutapieast ﬁﬁasﬁ?‘i&ﬂmlon in terms of

density of the individual conmponents Insid
degignasruciyrerand assemifingsnethedandrthus thedwiare-siructure cooling

dg{/ltca%tah Qnmg&?e@?ﬁgncﬁﬂgg@@qa&%%u rts be remved

romsmaller an er s t he
performance and service life of el ect roni ¢ conponent s
depeiggon t he maxi num val ues for operati

o e TRy htreARe 1 I coperion T SR GO e gomROBEDts: for
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coolin ystens in order to assure efficient |ocal
!n«:é@asedr%ﬁ&vathesasnommeyts@lQmmnenpmew@atmfwﬁ@es

e&?éelrbg%a!ﬁ‘lg%ltzgtlé/r\ﬁtf rind| él%ﬁle]frﬁ’g mcpéaslglzg ?L@nﬂga%r‘ég are

IS 'su st an Yy  nore
uhdertaken telredece theram80ntsof et therproessgor gm@wféstn éddilian, the

A AR e Bl R BT oo R b B o Ei syt
sbelbe 3 sehadtsleaB8 i biflation in which more and more heat must be
removed from smaller and smaller spaces. However, the performance and service
life of electronic components depend on the maximum values for operating
temperature and their fluctuation range. This results in the need for very high-
performance, compact cooling systems in order to assure efficient local heat

removal.

Currently a modern processor releases for instance 70 Watts in the form of
heat on an area of 1 cm?; this is substantially more heat than a heating element on
a kitchen range produces (~ 10 Watts/cm?). In order to remove this quantity of

heat, the most important cooling systems used are cooling bodies, fans, combined
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WD 2004/ 032231 PCT/ EP2003/ 010800 2 with cooling
bodi es, heat pipes, Peltier units and liquid cooling.

WO 2004830281 be expected that the anpbunts of heaPCT/BP1963/010800
renoved will increase even nore in the future.
Currently the nost frequently2used cool i ng techni que
for electronic 5 conmponents iS cooling wth anbient
air. This has proved sinple and cost-effective for
WIBNebolRg doeds, Bt pl"p'Bé SPélf &M@l ghd Iﬁﬁd‘&é& [FJ. 1t is to be expected
unecononi cal for higher heat renpval capacities since
thatehe amouwrds af he@tﬁp regveswviliinaneassr evaspoad inghe future.
hi gh output are required, which not only drives up
capi tal expenditures and operating costs, but also is
pr oblCareenitly the mast freqoénthneseglycautidg éestiniquentan eldctronic

olicies.. 10 Wth.the ne eneration of processors,

cBfiohepts roeltis ith Hmes Ao Frchas Proier MugER ang Gost-effective
f&l rvanp appliddiont SThik BrihSiplistetr@edy ufddtomiYal fble@bher heat
renmoval can still generally be assured by increaSing
rempvalsRpacitiggsinge thee alrcendiioningcyysienas wit qomeﬁpwgdmgly hlgh

Rt re TR ks VORI, PRASFR IR gr s

cpatsk bulgalde s ptopldrmatiqindemss of energy antdreswvironmental policies.
heat - generating conponents in the snallest possible
space, such as for instance in servers, makes air

exchavigetHendw geherssibh &% praveSselis! vhidhl frodGea s @"r&ﬂto%%l of heat,
t he ﬁrobl em of heat 20 concentratl on and thus leads to

alfrPooHRg ésmaled PusBirgdts lianitscinrteims Of:@ﬁﬁﬁ?ﬁbé rileat removal can still
QQHSF ng%te' é‘é]su?éﬁjb? Hdrdd¥h %?1 r' bﬁﬂhﬁsa?éds'ets%{\amgrease in

nt enance tequi rene primary pertorfance
rmmsg deisat iToday ﬁﬁmasnemdosgmatmptdm mt caommerdial and household
ad@cltj on, CPUs that operate in the G gahertz range
aRR aé'l D2t rical | y operated fans can have reciprocal
el ectromagnetic effects that | ead to functional
problems with the CPU. 25 In order to inprove the
cool iTA§ high pe%mgiem'tytfﬁépmmssqlseamcaherch%aimﬁéaim

C%F@ gﬁ%ﬁhqn ﬂﬁl?&ﬁ%@% s ce'?$ﬁ&h gy c?r Iﬂgt% E&ld é’erpgrs makes

coO0 e cooling od
agexehahdg ircthepgrdusings massduﬁeuﬁmmcematm the momehabf heat

c&ﬂ?gﬁrqt@%w&fjaﬁgﬁﬁ o alcrl@lwms o E‘EFPF elec{)rgnlc components
overheating and failing. However, reliabillty and low-maintenance requirements are
primary performance considerations for servers and workstations. In addition,
CPUs that operate in the Gigahertz range and electrically operated fans can have

reciprocal electromagnetic effects that lead to functional problems with the CPU.

In order to improve the cooling efficiency of the air, electronic components
that develop a high amount of heat must generally be provided with cooling bodies.
The cooling bodies generally comprise a massive metal core or a metal plate
made of copper or aluminum, the top side of which is made for instance by a multi-
member structure for surface area enlargement and therefore for better heat

distribution. A fan can be mounted on the cooling body. The layout of such cooling
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30 nmenber structure for surface area enl argenent and
therefore for better heat distribution. A fan can be

worwansrt3on t he cool i ng body. The | ayout of SuBOT/EP2003/010800

cool ing WD 2004/ 032231 PCT/ EP2003/ 010800 3 systens is
only sonmewhat adaptable in terrs of geonetry due to

the space required and the weight and is furthernore
associated with | oud running noise, typically between

gstand iSonigBottewhat b8aptablelidderm9BRyeorhBEy SRBRo the space

publication nentions a relatively small AT between 30
EBYirgd ard the ueightangds iwthermree assaskatad wittioud running noise,
ned ' i Ntehi C ki
bRIRRY Beticeront ahd Bp TISICTLIR 122, 200 2K ThE Rt Rabitn
mestorena Irglatiedl g sertl\A T betoeep 30narsi40 kh emeassiredybaiween the

cool ers, ich entails th technical.a conom, c .
BRIl P e fi e AhetiBe i EPUBL fSrishish: ESSpeplure in the
refid @ibteolersiFer tHee k8880 iprRdrdduentlP@ecdSsari%d compromise
several years have been increasingly used as high-end

WBeN UaR9Rseraterst whichiendaily kath tesfinical iapd ssongmigdigadvantages.
pi pes are forned by a passive closed cooling system
with which very good heat transfer is attained by a
t wo- pHeatepipeshave been nomhercialhoavaigbteesinoetherh@s6disand for the

absarption fromthe el.ectronic elenent. to be cool ed
PR3 5" Doarmaye o FCieRan G ofSen P g dine ool R Shstems for
theasestranicy iBaustiy HexR Pipddtard Jorfmst bynatg2RBivERYESed cooling system
t hrough the so-called adiabatic internediate space in;

Wit Whichrnh §aefl dieapBrpsfeniscittaings heatwpinhese Theghanisie in the

8 g eGP YR ot 880 e diESforé Blemeito be cooled
leadp tor avdponatioreaf theaoalingrewdiymoirotie adsed system. The cooling

Adj ' hi - ph hani i.s .onl ible i
bR} R ey S iR Sereaied sty S eBiRie ppace inhe
coralensgtigregortion id thdies i ise T2Hers aehedtyis Fe&abled b ahhRiditional

options_for enploying heat pipes. In addition, the )
e s Thegpaerpsatefomreard syger retumedionpaavaparation area via a

11 | i _ . i . .
A8 60000l 600 o AARHAIRS 8 Bl BBl 0% bbb n
\eirg fmiteditempeiaturg nange iy usingns pegiftcecdatiog oggdiamdditherefore

B8 o s PR LRy SPPITAL B B I FeBiofné i
cupaciiyiof telse sybems inwoshptisbalto Qe ddoling, for irteaiceitlow.

to be elimnated locally and cost-effectively.
Peltier cooling units furthernore require heat sinks

for osyfiéedoohiRglunitd afd'dsédas heat pumps for instance in electronics, in
air conditioning technology and in medical and laboratory engineering. They are
very compact, but they are very expensive and as a rule are not suitable when
substantial quantities of heat are to be eliminated locally and cost-effectively.
Peltier cooling units furthermore require heat sinks for counter-cooling and an
electrical power unit for the power supply. Energy consumption is increased by the
amount of additional energy required. For this reason the power requirement of
these units is high relative to cooling capacity, so that their use in mass

applications is uneconomical.
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el ectrical power unit for the power supply. Energy
consunption is increased by the anount of additional
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of 30 these units is high relative to cooling
capacity, so that their use ip mass applications is
unecononi cal . WD 2004/ 032231 PCT/ EP2003/ 010800 4

Wat er cooling systens made of netal or ceramc
materials have the highest cooling capacity in direct

conpari son to the coolin s%rgterrs cited above. This is
pri meValey capling systerasinade alvactat apaeiamjc sratenials Wavethe highest

ﬂng‘; E?pé&fglﬁ'dﬁﬁ éér}ﬂ arlsyist hé%ﬁ@lmé éf;%s‘f@%?cn?&’%&&es This is

ham and ceram
prineardy due és ther kigh aheeat bepacityrof thewater laed. itsAblv mCosh)esTdnus

ct tod are subj ect t.ne hi manuf act urin
BEGY kel B8 rEnEARIEicBEhen PRk Bl ediacs o cooing
niigpiprecesspey fiave base of ah@mriketPAll @ﬁﬁmefs@fpr@dlm(ﬁ&da?@é subject
cool ers avail able on the narket are at best for a

t & BioarRRUTariuriBe &Rsts A naneindueralcamealhbetch gwpdusgon. Typical
d%%ahé‘é 8 ta]é}%o( ?ﬁ&f& for Iﬁﬁ’@mtlgﬂal ?érs'a%igéale ghtljrg niarket are

to 16 K un a coo
af beat for @ temperaMmdlﬁeferaa Aﬂl\ﬂetﬂ@@ﬁ@ﬁ’@ andaloeting fvater inlet

i-nst anpce, these ei a . flo antity of 1

(TP 2 raspenct & 15236 1Yo fhass L3 dbofingimegfim flow
quengtytof@‘ L/apinripdn AMID 20040Gs gosiad, far PeiERBEHesk datiBeing a
bet ween, 30 and 100 cnB. The cool ers are designed for

flomeaYRINGeT hayurd i/ IHD i RERSSUIR IRSe phPe &9 2pQ) m:baxsnaxmum a
nbﬁar ta?pzooz Inno(?/g’p’&rﬂ @oﬁ%ﬁﬁé’g m[;ﬁéﬁem arM’QOO cm”

Tel ¢apleratase desighed or thlaelseuoﬁraquam@m,ounms \Bitl tymxdae bump
essed t a h per f or mance
5pa, o P o B BR AR R Rre sy SahraaB Tober, i
Cct ober 2002, p. 20 48). For coolers for power
ors there have bheen initial ts to

sem n atte
cor IRaniEinmoatak Q8 STBEL SamNam. Gaimany Arls watsnapolers, the
N 2E56L F&F 310 rﬁb&elhéﬁﬁat tﬁﬁé B@ﬂ%%s%e?éléﬁ t have the blest

m cro-reactors, as wel ovatl ve I p- Leve
pesermagce oﬁanMe@wla@e on thepGrkeE(e @ gehipMactober 2002, p.

48).

For coolers for power semiconductors there have been initial attempts to
use channel cross-sections smaller than 1 mm2, as is the case for micro-heat

exchangers and micro-reactors, as well.

“Innovative Chip-Level Cooling”, J. Schulz-Harder, in PCIM Europe, March
2002, pages 27 — 42, describes a water cooling system for power semiconductor
circuits. The cooler is produced from copper layers and joined to the
semiconductor carrier with ceramic layers using a soldering process by means of
eutectic melt. For manufacturing the cooler, the cooling channels in the copper

layers are produced by etching similar to printed circuit board manufacturing
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2002, pages 27 - 42, describes a water cooling system

for power sem conductor circuits. The cooler is
w@e@dosrdl from copper | ayers and joi ned to thePCT/EP2003/010800

sem conductor carrier with ceramc |layers using a

sol dering process by neans of 30 eutectic nelt. For

manuf acturing the cooler, the“cooling channels in the

copper layers are produced by etching sinmlar to

tBEMMEGSs. A E6dlin Hb@?rtﬁiro'ﬁgﬂ%rﬁﬁﬁ WNig0R LR RSR &3t has in its

PCT/ EP2003/ 010800 "5 techni ques. A cooling bod

interien giRuctiiec taa 10 copper layeragvitisa hexaganal hase stiycture (thiskness

' [ C f. er. ' a, :
D 18 T QT0HD BBt PefPER Lat UGS s Sy i apgumen
that3a "E%t @Ttim ofl rmore thami40g Watﬂcamzectf arr b@l;]erﬂo\ﬁeth a flow guantity
u that a heat quantity of nore .than, 400
Ik k PEWBtes 26" BUNYiE e BEESSHTe drom isidicatRd 19 eS4grmBar.
of water per mnute the pressure drop is indicated to
be 640 nbar. Further a simlar cooler for the use in
cool ifvgther agimiati eotasripoieritse insooting electiericiaonmonesss is
. Thi v |
E2off O P81, SATNERESoRlorkBe 3] RPofEBhbb surece
foottld electranje campdinents @odiangtatlaptesolimydaydls sThelcooliredlayers are
e interior of the cooler a

that t f in th | 1
Thetapd 3t B Ben i inidior of Ba Groler & b Rirgensional

dfihg BlrB&LMERR adidolifd RledirideflEerfAn Wbl SladrRPan odti& area.
coolTng structure conprises branched out flow routes.

The cealisg spaeture compeses beanchgd logl Bow rogtest Aleasi rart of the
. ot of b1

R R T

hydeodynalrde fladviresistanee betwesar thpsé hegionslin the cootdragigciaack

t hose, regians in the ol er which agre farther awa
NeREP L therialiRg sudass and Hinseimpens dn the eeplemuhishargfarther away

tR&RfrorPiseb Ilof fhieriRies Bredl fo thBSutibiatek| F'é'laﬂhisc‘gtﬂb'tbﬁg all the
0

| ayers are designed to be different from eac er.

individgalceaoling fayens arq desiarsed tohe differenitrorneaeh ethsirer s
are expensive high- 20 perfornmance conponents as they
are difficult to manufacture. Furthernore, WD 98/41076
A2 ddkiscidae sroanthigpgesaiption fthat thesd coulersedre @xpensige high-

ts in whi.ch ity. b i sed
RETBLTERER SPTponennas ity pes dEiHhic BUAdiresy & heat
sink and the heat transfer coefficient and thus the

total_ 25 thermal conductivity are to be substantially
i npr dusthermere, MY Q I8¢\ ORSA2 desgribes an apparatus for cooling

electronic components in which capacity can be raised substantially, compared to
known coolers, by a heat sink and the heat transfer coefficient and thus the total
thermal conductivity are to be substantially improved. In this document it is
assumed that the largest pressure loss that the cooling fluid produces when
passing through the micro-structured heat sink occurs in the area of the distribution
structures and connecting channels. In order to solve this problem, a cooler is
suggested that has a plurality of individual layers and that comprises at least one
plate with numerous micro-channels and one distribution channel and that

furthermore has an intermediate plate with connecting channels and a collection
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assunmed that the |largest pressure |oss that the

cooling fluid produces when passing through the
worR@ro32sr uct ured heat sink occurs in the areaPOf/EP1963/010800

distribution structures and connecting channels. In

order to solve this problem a cool er is suggested

that has a plurality of individual |ayers and that

conprises at | east one 30 plate with numerous
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The ¢ T%SI ng nediumjn the cooli ng channel s is

Iﬁtﬁfm@@la&’é‘eabfq] dfad caplingmediugh iimsg gradgdiang/or beveled transition
stueffe %Fé@%ﬁlch%séééﬁloﬁﬂﬂs v§g?§ E)Pfﬁ‘fe OIFIIGE Eﬁ&’/HQButlet

an exit opening. I ntermedi ate plate
opedinan gank of \almd’fus rasvmtlgal Fobtd ﬂj]ﬂcﬁtmfracb divieLighl all mdnvndual layers,

RIS PSS 418 bl S e AR5 55 s

cealsh vath eduling chanaelyavith @ﬂbwcumbsst-gedti@ﬂ Fod ﬁﬁﬁxtmrrﬁﬁglb cited
all indivi dE’gtllhll ayers, successivel %lpt ransi ti ons
1%

351D eXaraRles lers greqt rapsfer gae @Fbof:%ﬁrYMéﬂycmi\ Kand a
p?é’é%!u‘?é wgstch 0399& Bfa ﬂbmagé & 380 ML .ewttgrn%aSro% %géﬂnsré With

mMmis cit as ah exa
ﬂ@Qﬂﬂ @ﬁerformamatdata ath§frelatwebrfempenewe cobI98 aftamatandy apgtoximately

L KN R M A

performance data, this relatively expensive cool er

attains approximately 10% of the coolin
capad? P9"tt’§v§l§? Pgefor@@ct%s a0d migeo-trgat exghangers gpﬂtraégfalready

eh?blﬁilé‘d Pr fe8a&rcAr sh e VB @r‘itLtﬁ 8% iR |ﬁ|ﬂ§|t|n@5§nal

already enployed in researc ment projects
peeresseentheprobiem ef the eyt of electrpriscosksss js stilecopiétielym

e T ANEI N —

fmnd:amerrtaﬂycdﬂer@‘rt frone theat e atcoebes tizditd@is tb $emove heat from a surface
fundanentally different fromthat in a cooler that has

@ renpve heat froma surface 20 area. In a reactor,

heat that occurs in a flowing nedium i.e., inside the
reactor, nust be renoved or exchanged as rapidly as
possﬂrbaéeaﬁobﬂ@@t thad ogeurs ing@ flowieg measium, i.e., inside the reactor,

must be removed or exchanged as rapidly as possible in order to come as close as
possible to the ideal of an isothermal process. For this reason, attempts are being
made within process engineering limits of a reaction to keep the cross-sections of
the channels and the wall thickness between the channels as small as possible.
Naturally a reactor must also be optimized in terms of layout, e.g., with respect to
flow resistance, flow rate, etc. But the fundamental heat management principle is
relatively simple, since heat is transferred from one system ducts for cooling liquid

to another one the two systems lying close to each other.
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possi ble to the ideal of an isothermal process. For
this reason, attenpts are being 25 nmade wi thin process

wenguneesing limts of a reaction to keep the PCT/EP2003/010800

cross-sections of the channels and the wall thickness
bet ween the channels as small ,as possible. Naturally
a reactor nust also be optimzed in terns of |ayout,
e.g., wth  respect to flowresistance, flow rate,

etc. F@#linétﬁtﬁi?céC Wﬂ%@éﬂrﬁ‘e BRad tﬁ'@%‘?ﬁ@ﬁi@ﬂ?uctﬂfé Mﬂbﬁ‘ed@ can be
relatlvgqu si nce heat is transferred from one
fr@mfladlv

agrRyfani istsial thiry mlafaj $heets3foilsy that henea fineestrudure, the

rﬁ'g% E@%}ﬁ?ﬁf&% 4%71@@6}} | hs g{%é%ﬁ&e as g%&ﬁ fREtor is

despobedoh 843,409,072 Bt en@xamle:dnsplosmgtanﬂxab-rbedor/heat
uf act ured. from L ndi vi dual eets (foils
S G s S b Pate Mo GrnthiskGss of 125 WBbAnd

ddttsletehéd Breteits whieh halé balat offakdie a0 dim M 86& deRALHPE0 ym
is described in US 6,409,072 131, an exanple

%mds%wsbuvvigthaofrﬁcbnd@) rlegontasthisea ceolex folemtronimegmpensnts the
Rt st o $BRBOES ROt & 3tBAY B8k 2 AdH S FRBPSo ke 125 P

s etc erel ave a W of about
430 pm a duct depth of 60 pm and a web w dth of 70
er, for ectr

. nt r ast ni c )
G o B Q03rapskPn R CHEEt L (ROTIPGAPA Gomanigeal highly
He@€st sErrdcey, pﬂfvelgqatbes&%ry%om%wfabl&h OPiRd difﬂ‘bsm?% th%'ﬂ the
this object, i renovi ng heat froma local highly

aetal beabeauTeR & losa@d@twée péthe caaler, éempiush peesbattention must
P15 St B i 96 ok AR RY B o e
cavtimpbodnthrmosgh whé:hgheéluidﬂnwéde heai resi st ances

wWithin the three-di nensional structure of the cooling
body through which the fluid flows. 15 The solution to

t he mheloRitionstonmvptdblémas neR Takh&radRAplRata By hH@dhal specific
specific _requirenents in electronics (for instance,

"RAIEFETRRIYS iThglectionies gk instange, henisgoling K& eampaneatshia that
t@%ﬂ@éfﬁqugﬂ BedlrénSleY WL ﬂ%ﬁﬁ%?l&lrétﬂén Pl:b@g\g‘{kaét‘él: and a

Nnd a N ni mum pressure oss In e coo
npinissentpréssuse tasssn lleey eodleind t hat i ncreasi ng t he
cooling capacity by
The present inventors have found that increasing the cooling capacity by
using increasingly fine structures, i.e., smaller channel cross-sections, is only

possible in a limited fashion since then the flow resistance rises too high.

This effect becomes a problem when a large quantity of heat is to be
removed via a small surface area without the flow resistance increasing too much.
In this case, then, the cooling capacity cannot simply be increased by increasing
the flow speed of the cooling medium by applying a higher pressure difference

across the cooling device, as is the custom in the prior art.



10

15

20

25

30

using increasingly fine structures, i.e., smaller
channel cross-sections, is only possible inalimted

wo a®hiosa23si nce then the fl ow resistance ri ses PODER20gs010800

25 This effect becomes a problemwhen a large quantity
of heat is to be renpved viasa small surface area

w t hout the flow resistance i ﬁcr easing too much. In

this case, then, the cooling capacity cannot sinply be

i ncr %‘F%p%’atldﬁ%m '%%rvér@%nﬁ'v@f‘ks“%@ﬁ gpé‘ssﬁ%)bthrﬂﬁs are
medi um by hi gher pressure nce

tﬁ@calé&suscehiethég@qudwgedf@v inséances aipsessse @@gp dtmapprOtXhéSO mbar.

app u(:I g%) blin r??' %e\ggé?’géﬁ)?%r 5 angy\ﬁg‘%% iq(i)%(ﬂgl% eg%o'r:so that work

Lmdesslevatqmn'nml prezsutey fordnstayce S éxr thdtmrep dreerot dageptable in
ressure of up to approx. 250 nbar.

b’g st ance,
W@Fﬁﬂueéeé ¢ A8Stredi um punp systens for conventi onal
m cro-reactors that work wunder elevated initial

pressure, for instance 5 bar and nore, are not
accenaher reguirgment is thaldbe ¢oelingdevieecbave a shapéedapted to

thE IHEBPHe ISt AL chRBoRBRS! 1, HRAGARBLE oyl Ghfing

ada ronic nponen

deve:e,s andethe mmcﬁuaﬂmgaarea oofthé Icempooéntngwomietze ateashdbdutehe
nnuntlng area on the conponent should be at | east
S#BUP'“¢he 10 sane size. Finally, for the purposes of
mass production, it nust be ensured that the

manuf acturing costs for the fluid cooling devices and

t he fmllyn@rg@% PefRogee of Brass Pueduclinni &mtyst hegnsuradhthat the

rﬁﬁﬁt{fglft%nﬁg%‘st@%r ﬂw@ JlJ‘d 56'5[[@ vllée% a(if%ﬂt Tooling SV&SQ’I are not

or ar 0es Nno S
subgiantielleingbenthaarfoyaipaosling. | y sati sfies them Thi s
relates in particular to the requirenent for
cost-effective mass production for mcro-structure

CONPOR 8PP Gt caif BE CoRBIutBE thdtdhe bh@M{ar& a§b§ hepgﬁ&fy these
t hese conponents. Apart fromthis, rules for

re@yreypenis or &ybmaraa"m@s@egthmttmé regissiin @adwia:ré@ the
rBAiFerR@ft BEESSHEMRMve RSB Brd&uction for micro-structure components and
reducing the high flow resistances in these components. Apart from this, rules for
the design or layout of micro-structure cooling devices have not been known
hitherto.

The object of the present invention is therefore to provide a cooling device
that:

1. has a very high cooling capacity;

2. has alow hydrodynamic flow resistance to the fluid cooling medium;

3. has a shape that is adapted to the electronic component to be
cooled,;

4. is easy to produce cost-effectively;
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The object of the present invention is therefore to
provide a cooling device that: 25 1. has a very high

wa@omkiosp3tapacity; 2. has a | ow hydrodynam ¢ fPOWEP2003/010800

resistance to the fluid cooling nmedium 3. has a
shape that is adapted to the glectronic conmponent to
be <cooled; 30 4. is easy to produce cost-effectively;
WO 2004/ 032231 PCT/ EP2003/ 010800 9 5. furthernore the

layout ef fifGerdaRbithdialeyt 6ﬁh§%6liﬁ’%68vibé‘s98bm be largely
scalable, i.e., it should be adaptable to the

r equi r emerfic3lakle. handt sheuld be pdgplablaisrthemequiraenis@énand in a
consunpti Qg ' r 0,

Vet ¢ o/ o TEP R pfiop e By BRHRI LA ST aifom

be opt i nal10Wattajenettb&000Natg/cnmdyeral | systemin terns

of layout,, size The fore

obj ect s arfg%éed'moééi%g g&"ﬂagz %?% %ﬁgﬁqﬁ Eé@?'@’a@ﬁéﬁga%%% to the

devi ce i N ovaffOdyBesHh tn Yarhls oFllaidit 1sizd doimé Nesseambipletc.
the m cro-structure cooling device in 10 accordance
wth claim?24. Preferred enbodi nents of the invention

are Vi iy ; i t I . .
o o SRRl 340 AR BBl coppg gevice
gucesdartcei witteciginon anfddry the wsej afdbe huchoesto@bliredooling device in

articular. fqr. an,elLectronic.c onen i ncludes a 15 . .
ER0AnSe it aint 24 ¢ BT ed e ORI BoT el e BNBRId; afpiovided i
taegubarindtbalsgmghat can be brought via a thernal
contact surface into thermal contact with the object.

The netal foils and the base plate are joined to one

anot hgfe m}’cr%'é'{rh@tqé c6ol1 Jid¥in %cecf) .n‘&H%tmmﬁe?rﬁg@rﬁliHvention
sol dering. Present 1n e netal ToIrls are chanrel’'s™in
fahag lobject tmse tbaled pinl pamtjcutadion an tehedtroneEnconegoridrd, inelaties a

SRR el RS R BB 57 S bt Hll 0t can e
bretigiti\a afthérmdiaehtactetifhcd itd thEemabeorigst it thel sbjé&! The
r%et?al ?lorillgealnd%gl rt])g'se plate are joined to one another by suitable assembling
techniques, preferably soldering. Present in the metal foils are channels in which
flows the cooling medium that removes the heat. Assembling the at least two metal
foils and the base plate together may preferably be achieved by material fit. Each

metal foil may be designed to form a channel plane.

The channels in the metal foils have a width in the range of from 100 to
2,000 um, preferably in the range of from 200 to 500 um. In experiments it could
be proven that, when all other parameters were maintained, performance of the
cooling device decreases sharply starting at a channel width of 800 um and

greater and is no longer advantageous for high performance applications.

The channel depth is in the range of from 25 to 1,000 pym, preferably in the
range of from 50 to 400 um.
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The channels in the netal foils have a wwdth in the
range of from 100 to 2,000 pm preferably in the

wo a00g@3081 from 200 to 500 pm I n experinments iPCTBP10d3/010800

25 be proven that, when all other paraneters were

mai nt ai ned, performance of thﬁ) cool i ng device

decreases sharply starting at a channel w dth of 800
pmand greater and is no | onger advantageous for high

per f NiNEnNg lggh ' e A6 o

r angg&of f ?S%Rgéﬁ%:?dlgg%egﬁ%aggg@é r g%%ﬁ%? ﬂ"dttﬁ gl r ’&%%rlﬂ?el depth,
shauigepreferablyraeso the migometer napgelle bgdrastic diameter: 4 - A/U; A =

et oL e e pler (e acorcaEn iR sspiscne
&‘l'muduaquele’e’_é(“a“bblyniw ﬁlaidWegh‘a’r:qfclisO)INaﬁfprémWies Tegel
yasing & Ho ilhea  pei Shdacidmes Fupdarc andubemt, David P.

“EIRGSMbAGINEO IS4t URIIELE Trnstdr G BRI, GBhn Fityds Sons, NY, 1996,
Mechani cs"), Kanprath series, Vogel 5 Publishing, W

PBAAP) shauld peaferably ba Buthelrange péfram 2GGiekS00, prand

Dewitt, David P., "Fundanentals of Heat and Mass
Transfer”, 4th ed., John Wley & Sons, NY, 1996, p.

449) Toeanéah mtef el Bativeehehé ohameels ng eneadél foif B 20rdrge of
1:500 Brp T(F)% mean i.nterval between the channels in a

oo 2P te 4iQU0 1wm; preferablydn dae rnge1ql frarg v e 860 kb oighgeross-

sBERSIEbAkYchaRnbRes Fé&?@rﬁ%ﬁér & rﬂéﬁ_r%f}@cttaﬁgﬁgg Rthat & bHR formed
f the c

Cross- section o annel s 1S rectangul ar or

bebueery thecehaangls inthe metalfal, thisdaterval is charecteritad agdrar width.”
the channels in the metal foil, this interval is
characterized as "bar width." Furthernore, the

resi (Eulethefmcbde, tHa r@lsidﬁszfdﬂhhi@kl@éssIStgmLfdthhg flobr 6htke channels is
.channel s i 15 in the range.o to p

i IBTangR ey 3010 Bk ik efeaROI it freyanoe of SOTHRR torfad Wase

pl ate of the cooling device has a thickness in the

range of from 200 to 2,000 pm preferably in the
r angé hefbase phats @b thercaclivgaigyine rs Fthicknesh inthetiasge of from

. hiohe
G AP LARE Bl in S AR AT RO SRR e

preferred ranges, especially when very high power
ui red. Further

densities arge,r re, the aforesajd ]

- angEC" SRET 91 thedPreRid e A, Mepasamelara Paricsly satisfy
teeyneuirsmeaRdvién Mé?_é?é%ﬁth‘ifﬁﬂ'@ préferrddl ngds, apdcibiPwhen

2 provide the definitions of _the geonetriC paraneters
vephhigh PoWsr @ensities are required. Furthermore, the aforesaid ranges apply
for the parameters in particular when copper is used as the base material. Fig. 1
and Fig. 2 provide the definitions of the geometric parameters (channel width,
channel depth, interval between channels (bar width), residual foil thickness and

thickness of the base plate):

It was
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25 channel depth, interval between channels (bar
wi dth), residual foil thickness and thickness of the

whama/opizate): It was WO 2004/ 032231 PCT/ EP2003PO1/@810)03/010800

11 1. the perception to first provide fundanental
rules and features, i.e., sqq0|f|c geonetric data for
the optimal |ayout and design of mcro- structured
cool i ng bodi es for uniplanar |ocal heat sources, and

2. the negft b&cEERM §Q‘1r5ﬂ2ro§i@!%%ﬁbarﬂgma'i P@Q?En@ﬁ‘éﬁ?h%’s/ e.

that are 5 assom ate cool 'ng m croprocessors
( CPUs) anépmlh@getbmetncaiaﬁ@mrdhe Qpbfnadalaout amd design of micro-

et ot anc vPal ecitioBopisk I8 LRl fisel bPisnugoes. anc

m cro- 2.1 thed nkeed tocr@eblive thel spédigisaddifidrtn thﬂﬂ@h@ftI@éit%re
have remai ned unresol ved, 10 that was necessary

find out ERPNURIPAMIBFaclng ﬁ@cr&p&ﬂeéﬁp%ﬁmﬁ%@@%@{)@r hot
Mor e specthinpoRBRs\of %cﬁr@ﬁlcfddfrﬁﬁlﬁérsom gé?tléeltahocﬁe ‘?écsutgrg gﬁ flow

cool ing devi Ce according to he present 1 nvention
gi ven her edsistbedeand IlimsLIm/\less irahigh derformante mictoestneture

wi dt h, interval . 1 bar
width) ar g&ﬂmrgg‘% ef%e?@%‘]ﬂ%%ﬂﬁ%/ eeYe; FSHlﬂ"P%ﬁ‘é’&rt%OlP"B?’
the production process in question. \Wen very small
val ugﬁtare set for these (tgeometrl C Par anmeters,

pr od tNANRS NFCesRFYdB AN oyt tha $ldtions Odﬁhﬁfnretalem @tuthe%d above.
Mde sheeit rn?éias‘u?ésefo@ﬂ‘ﬁ'ﬁ%r?ﬂﬁﬁi toR of@ﬁ’éh‘ rﬂ'@)"?é/ S(Edpordlng to
app

production options depend on the techno

theppresant invertiorovergivemberein below: can accommdate even

| oner values if product engineering 20 is refined.

Use of mcro-structuring nmethods nakes it possible to

pr odThe Icmae:rhahge dimitsdbrchapinebidiiet cHaemet d@sthvdridichannel interval

conva{n)l nia t echnol Q.%q In accordance with the
(B3R Gre Targely terTie by & AUTPEEBIYIOR &8 PrRsiugtamBrocess
lrﬁqlﬁ'@dﬁ%aWHérn' W}/%ﬁ{éﬂ%lde‘é ate s@hfd?*ﬂhés!be% b p’a‘?ér‘?ﬂeﬁe?g mass

structures are forned Iin terns of mcroneters,
peeivickien of trmmng epiceris dificsiltrsinga theoerdired thernogy cannot be

oS TRATRORE SRSk Hhfon SARRU 4P hflecnaglopy ampies. so trt
thmlst/\@ncmgmlﬁhibs can accommodate even lower values if product engineering
is refined.

Use of micro-structuring methods makes it possible to produce much finer
channel structures than with conventional technology. In accordance with the
invention, the term micro-structure engineering means a manufacturing method in
which the highly resolved structures are formed in terms of micrometers, as they
can be produced in printed circuit board technology. Such methods include the
production of high-resolution structure patterns, such as for instance photo-
lithographic process steps. For instance, channels can be produced using dry
etching methods or using wet chemical deep etching, depending on the masks

used. Mechanical micro-production is also possible (e.g., micro-milling, micro-



10

15

20

25

30

l'i thographic process steps. For instance, channels can

be produced using dry etching nethods or using wet
webenioseBl deep et ching, depending on the nmasksPGUERX®&010800

Mechani cal mcro-production is also possible (e.g.,

mcro-mlling, mcro WO 2004[8?2231 PCT/ EP2003/ 010800

12 stanping, reformng, etc.),” whereby nethods simlar

to those for printed circuit boards are preferred. In

s,tté‘rﬁblnbh\%f@l‘?‘ﬁiﬂ;@eétc"yI Wﬁ@reb"}/hﬁé‘t‘ﬂ%s deRidtto fly el grinted é:ircuit

i nterval residual forl thickness an
biegsds E|2i1eaitI'éleTﬁd:kness are sel ected within the given
ranges, it is possible to effectively reduce the
pressure | oss using the inventive design of the

m cr dn #at tlod ohanreai dvidth, amaraiemdedma bb@melmﬁésﬁab{b@r width),
dlfference bet ween t ject to be

SRS oL HiCinass el 1456 Rive: iskhes ars: SHIFLE BN e given
rERGEC ittiy pob&Ble tbréi‘fé%fl@él{?@dlﬁ‘é' th¥ )pfe%e uréfels, L%‘g?ﬂh@lﬁventlve

tenperature difference 10 can even attai
designcidhe myjcreasteustung ansl toiajtain etleastziasgibietermparstue e

difEncd oIl difkc %Y bEBolRN Shd heROBRAP haclfn 2§ given

canlhhg lmlsaccmyt (heat taarisﬁerg@arpasey vAdea:ttl p‘cﬁsubl@te@ﬁtﬁhrfaﬂu@@ dlffrt]arence
capacity.is required to_circulate the

OB GER oA heen th cosling APerty Isnioh daBl R hersessure

I&%%'tlﬁ'él cébl'ir%déwé@ﬂﬁk@smﬂﬁs@?b?@@ usSpérPs %}Efe&ﬂﬁ? ffhdé &oling

he entire cooling system (cool |ng device I nc
M%méhatwgareless ﬁndutt@us aﬁtwe a lpnger, sepvee life. s pgdition, o:mly a low

4 4l 3 DR Bl R 4 0

opervdtithg thpeobhmgmmcﬁumwi ben mlnlnwzmi; lak\candhe koste duethedentire
20.The neI nnel depth%ﬁhannel i nterval
l"pq}

cPaingisys PPO'm 3%%%@0 uging epunte &, flHiddings sRUBRPOWer
s@ppl Qér* @\@%hnh@) lTﬂfstéI%'h?éan‘éﬂtﬁél thS%BSﬁﬁg bevitdeah 8ki 0 of

coo gcapamtytot e volune of the mcro-structure
"t@@lenﬁlgehrewtt%rlalhdm@aﬁpwUCGfdtanﬁh thalda widg spenituanokgooling

ngg?gj}:aﬂ\pegg\pg gCPU. 25 In conpari son to conventi onal

reduction in tenperature difference is
achieved if the inventive mcro structure cooling

devi ed. . Thi iL.on, effects imed ate. . .

ener g ShenREavidlh eheBBF drptb opBe diteval Eocteb Bigniciness
aPd\bakEPlatB thickness can be designed in particular with respect to the ratio of
cooling capacity to the volume of the micro-structure cooling device and can be
optimized, for instance, for an AMD 2000+ CPU.

In comparison to conventional coolers a reduction in temperature difference
is achieved if the inventive micro-structure cooling device is used. This reduction
effects immediate energy savings in a cooling system and thus effects savings in
operating costs. This property is particularly relevant in the case of mainframe
computers with a plurality of CPUs, since in this instance several kWatts of heat

must be cooled.
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operating costs. This property is particularly

relevant in the case of nmainfrane conputers with a
w@baonabizsy of CPUs, since in this instance sevECHEEP2003/010800

kWatts of heat 30 nust be cool ed. WD 2004/ 032231

PCT/ EP2003/ 010800 13 The chganel wi dth, channel

depth, channel interval, residual foil thickness and

base plate thickness can al so be desi gned

appl iTeatchannapedil, ichanmglefepth) &hahaéllivenng, r@isidal foil thickness

ratin %ondltlons wth res ect to essure_ | oss
agH brse Midte TiFkiaps GaBIEP e ies aner apPUSRUOTASREGHIR Hiler dip
fcﬁl@)'wm@éiv@ﬁ %geféifntg%ﬁﬁmn%%ﬁ %5{943 gg g?%ses'ﬁ&ig)r?@%ﬁﬁor(’(fwe cited

teréner@tlaﬁtw@eme ane optieized! fot mstance forsam AMIR 2806+ GPU:
the cooling nediumflowing into the cooling device of
| ess than 10 K; 10 c. Flow quantity for the cooling

medi um t haougba pbeee 0d CiPusl&y 7O §Vattsicrnhe range of
0.01 to 3 L/mn; d. Pressure |oss of less than 100

mbar. |'n Bn QiSDFe REWRRN te teapsratiiesPredherna) contact
curr ent | y avgihedhbRd Wtﬁehﬁoeo}lmggﬁé% fg)ﬁ\aﬁ% ??ﬁé Edifg device

may attain at best a
medi um |n0flﬁ§srtha@é0dﬁ 12.5 and 16 K at a flow

guantity SIL & l.0ss

of from2 toVggh%prﬁ)tglfgrtbﬁ(?@?"ﬁ#&’egﬁ‘r@ﬂ&@ %ﬁgollr}gh%ewce
inventive dothd naggd@iiocﬂfl toe3|uiniias a AT between CPU

and cool i ng redi um t hat t least 30% | ower in

order to ?er?ﬁ%%s‘{rﬁéo%saqfée ADiY0P BPaheat as the fluid
coolers on the 20 market that have heretofore had the
best performance. The inventive cooling device can be

or i eht anlideolieal @verall sustent @ watercaoles qurrestly awailaide oofthe

6o 26 LA SR RUE T, NPl A ey

lmiherrange bﬂ ¢2.6raad tOKI At mﬂ@equamlw bfifosetrans Lyatreand5t a
th a much spal | er AT.

P%Jﬁ%?%a Hsﬁer#’%ge@ ac' ke the, FamRECadgionge fedaventive
c%@lg‘lrgg&%\{mﬁ bcétqg[ﬂgé arATe b@ﬁNéehQ)P@W' dobliRg mdtum that is at least
30% lower in order to remove the same quantity of heat as the fluid coolers on the
market that have heretofore had the best performance. The inventive cooling
device can be oriented toward and adjusted for the pressure loss of the available

or preferred pump via layout and design while assuring sufficient capacity.

The inventive micro-structured cooling device thus demonstrates
substantially higher capacity with a much smaller AT. This relationship is exploited
for the high degree of scalability in terms of the capacity of the micro-structure
cooling device. In terms of the ratio of interior surface/volume of the cooling device,
for known coolers this ratio is much lower than for the inventive cooling devices, by
a factor of at least 3, e.g., if measured in [cm]. For a commercial reference cooler
this ratio may be 1.13 cm?cm? and for an inventive prototype it may be as high as

4.8 cm?/cm®. In the inventive prototypes the thickness of the cover plate may be
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cooling device. In terns of the ratio of interior

surface/volunme of the cooling device, for known
weoalmsR3this ratio is much | ower than for thePCT/EP2003/010800

i nventive cooling devices, by a factor of at |east 3,

e.g., if measured in [cn]. Fqgr, a commercial reference

cooler 30 this ratio may be 1.13 cn2/cnB and for an

inventive prototype it may be as high as 4.8 cn2/cnB.
asTow 36 1 MYEBAE Wee Mickhaby BEthel d18e WaIIS 5BG8% 28%aphbhsk. ag\sm.

| ate may be WO 2004/ 032231 PCT/EP2003/010808 14 as
Tﬁ@w aalugs g Yalpel fqrﬁ@rpntlwzeéis@,enﬁndmeors poslugtion engisepdng. The
|

BAREUes 2 B explRATET MRS pBRlctbh CBhaipns:

foll owi ng val ues can be expected under industria

prod tio I nternal surface/co

d t
vol ute" EBBC iéo ?e“ﬁ“feﬁe/ cn8  Thi ckﬁ@??’%g&t‘h@ emgem’

wal | ShickRess 61AE skigwailie af oresai d valiggsnbon rhie
operating conditions can be even further opti m zed in

particular when using a water/al cohol m xture,
t I
A R i G %?%%Efﬂr@er
opfrhiZEden mrtmmlargvhamllsnag aceater/aigoheldnixtare Tingpatiinllarmg
oG SR g, P g A B EEE S watrang

5vel.Vpeiylehe gyl ¥glcdeind @edifti@nnel wi dth, the channel
depth, the channel interval, the resi dual foil

t hi ckness and t he base pl ate t hi ckness may be

opt i L& %go @e\llé?écéd?gm\g%?ﬁégFeeselnPﬁI%eRf? n é%?ﬁl%% imfd with

medi um i

rasaleotet;)tbé gNaan pﬂrame&rswscfbﬂpwﬁ; he channel depth, the
channel interval, the residual foil thickness and the
base plate thickness may al so be optim zed such that

t he Whéalescer deinnernidithaht eRBRKEdEPE, Ahe ERENALIGTtER/L, the
contact. surface and the tenperature of the cooling

residial ik thisknags and theeb%%platﬂ;th@éﬁmeé% may bewm;rwzz@euclwat the
p@%@uﬁ@lb% he tcBShvg{'ﬁ%Bﬁlm M febodlifg deVRBMEhidlfRdy.

channel 1 nterv

The values of the channel width, the channel depth, the channel interval,
the residual foil thickness and the base plate thickness may also be optimized
such that the difference between the temperature of the thermal contact surface
and the temperature of the cooling medium flowing in the cooling device is
minimized.

The values of the channel width, the channel depth, the channel interval,
the residual foil thickness and the base plate thickness may also be adjusted such
that a cooling capacity to volume of cooling device ratio, i.e., a “cooling

compactness”, of at least 2 Watts/cm? is achieved.



10

15

20

25

30

the residual foil thickness and the base plate
t hi ckness may al so be adjusted such that a cooling

W(aarma/@iszzylto vol ume of cooling device ratio, iPEI/EPHE03/010800

"cooling conpactness”, of at least 2 Watts/cnB is
achi eved. 30 WO 2004/ 032231 RgT/ EP2003/ 010800 15 The
val ues of the channel w dth, the channel depth, the

channel interval, the resi dual foil thickness and the
baseThlearamdsrtbqu@eﬁénrr@wv@ﬂhsmeb@awreu&é@tﬂ ﬂ'iécrfhantnbﬁﬁwtérval
‘coolin %amty per volume and AT" of at |east O.

the [asigal fod) thickngéhped the basemplate, ickagsemayaise hamﬁi@rsted such

tI’Mt‘H% #geoﬁwg Her J6RME abd&TEB Qﬂegs a4 &R YAl krﬁikgachreved.

resi ness and the ase p ate t
may al so be adjusted such that a specific, pressure

| oss=nor I|z I|n agity of tIat .1 .

W (o VRSt in PRontid WA ofle! hefinehtent fiactigngl joterval,

tiedh pavizl al %rdhtbkné%aﬁ@ﬁi@@és@kﬁ@téﬁmrcﬂ(h@w Prﬁai?' @éo be adjusted such
an

i nterval the residual foil thickness base
thata spadice RFRSSYrarepSACTDaliredenqlisg c@paeitnof @tﬂa@sta heat

ot_{g\nﬁine& Jga Afin }ééﬁme?x}%‘& Watts/cn2 is achieved at a

maxi ere In tenperature bet ween t he thernmal
contact surface and the cooling nediumflowing in the

cool 18 RBasceh e st Sied e Rlonut (& ghPunterval

trreammuar fdirtaiekAesslandthd Mseplamhmn@semsaw@belaeﬁeted such
at nost 100 nbar. The fol |l ow N9 shoul d "be observed

ﬂ?%ra hart tEpelargrPRGR/20y Wikslene) 'S\ﬁiCB'lGHed at AgRemum difference
rﬁfe%ﬁeriaﬁ}?é%ﬁ{/ X r{‘ﬂw%rtHé’rln&%rcgﬁia@Fébrféée Lnd FHngal g dﬁ‘é‘ﬂum

ase ate t nes ven previous
flawing redge caolmg deviee dfalbKtat @f flayo quantity dorsthe coolimg medium -

GRSl i Plase st GPEE L A &S moure

|dSeyoici esost 100stsar, si nce under these conditions a
better heat transfer is achieved between cooling
medi um and cool i ng channel wall than 25 by adjusting

| am e félid@%h%@hb&lé belEBRKRIG fof méo&%él%@@%fgggﬁ%l%dth,

i nvol ves bstantial increase In press
channel depth, channel interval, residual foil thickness and base plate thickness:

Given previously gained knowledge about the layout of conventional coolers
it is assumed that high heat transfer cannot be attained unless there is a turbulent
flow in the coolers (high Reynolds’ number), since under these conditions a better
heat transfer is achieved between cooling medium and cooling channel wall than
by adjusting laminar flow ratios. However, this optimizing measure involves a

substantial increase in pressure loss.

A very substantial increase in heat transfer capacity by orders of magnitude,
relative to the volume of the component, could be attained by using the micro-
structure engineering for manufacturing cooling devices and heat exchangers. An

example of this is commercial high performance micro-heat exchangers from the



10

15

20

25

30

A very substantial increase in heat transfer capacity

by orders of magnitude, relative to the volune of the
wa@oeowposxat , coul d be attained by using the m cPOI/BB2003/010800

structure engineering for manufacturing cooling

devi ces and heat exchangers. Hﬁn exanple of this is

comerci al high perfornmance cro- heat exchangers from

t he WO 2004/ 032231 PCT/ EP2003/ 010800 16 Karl sruhe
KeRBiRk CﬁéﬁteRﬁﬁ?@és‘éQrcH h PQ&IE!JI%@ hﬁét:mbh%og{ 9(? rﬁ.@% §trt§€ture

m cro-structure product an e~curren
pradyietion end tee CSIranMe\serhdiugh fhow tesistdntehave la:ppére@atlroad

BRI b T e TEET OB fig k3t B v esi st ances of

the known micro- structured heat exchangers is that an
i ncr ity generall

ﬁse in tgwe heat transf ef‘, ﬁ &Wc X )
| eadihfeason 5 ihsusUresarery NGAJIOW wsisiates, of v known micro-
stri@URIOR Eat %ﬁaﬁ%r&@tha’f'@ﬁ GerERdS ﬁ%hb'h%a'bﬁ%sf%ﬁcéﬂfmty

increase in the Tl ow resi stance, which cannot
geogralinteadsiwith apgrgecedlen doriger cbammeig aricetberafaie; due to the

-EAERPR e G0 She rifedds bSnPBhiab RGBS Rlchicomor be
tdienatethfor appkgitiong én coplngt eledtrdrie chepbnémtanadveéver.

capacity and it does so by nmaking it possible to
optimze, even with regard to the pressure loss in the

cool jt r’sﬂoﬂ?‘(hé%resénhﬁw%ﬁ%?ﬂﬁiat Y\%é&\{;él E%}Bsierﬁj F\Hut thlfgaving

channel interval, residual ness and
aglegative impagiesshe hleeé@anﬁasmr@@ltwasd inddes sa bpomklrig it

PhEhE BRI K5 Hhe8Bh T Blfe Lo oS af MiCesafih Bvice
thuxthammlellwmleOd“hanoel depth Ugteaninel intdrvdl, pesidieN @il thickness and base

eco cally conpetitive. The basis for the 20
pkagﬁlg'\‘ﬁrgr\?éschannel design is that the cross-section of

the channels is mnimzed just enough that a | am nar
flow is attained in the channels under operating
condf beshmeasyigstais@ meake itpassihie {0 teduee preducion castseand

tH@?&EE{i 5!'%8 S&Efé‘gfg g{)i&%ssv_uéfﬁ Eﬁe{t%ém étrl?cturetz%)%hﬁ g\%&?% are ggt only

resi stances, i'S manner t
texhnizally edperiorclut dre evadagbaomically hem@Bﬁh\ve: athiedasid for the

Ed Pt TBL o AR e 5552 e e il Byt iz just
et 8eahhaaRewas aRBRlediiM Ry MHnhels under operating conditions.
Turbulences are ohly tolerated or caused where the flow cross-sections, i.e., the
flow resistances, are low. In this manner the pressure loss of a product can be
adapted to the application at hand in a simple manner. As a rule the first step is to
roughly optimize the geometry (channel width, channel depth and channel interval)
within the given ranges by adjusting the surface/volume ratios of the flow channels.
A low surface/volume ratio of the micro-structure, e.g., 3000 m?m? generally
means a low flow resistance but also lower heat transfer. At very high values of the
surface/volume ratio, e.g., 10,000 — 30,000 m?/m?, the flow resistance climbs

sharply so that an optimum is attained preferably at mean surface/volume ratios.
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wi thin the given ranges by adjusting the
surface/volunme ratios of the flow channels. A |ow

waoootaseBrvol une ratio of the mcro-structure, BCDEP2003/010800

3000 n2/nB generally means a |low fl ow resi stance but

al so | ower heat transfer At 4 Zery hi gh val ues of the
surface/vol une rati o, 000 - 30,000 n2/nB, the

fl ow resistance cli rrbs 30 shar ply so that an optinmm

I s apkdab kel ehargel! Mo@évéfeaﬁtlrﬁlﬂrflg’;ltﬁ%/ﬂﬂw HERstARdd &% the
WO 2004/ 032231 PCT/ EP2003/ 010800 been
sriasefeRluMeJREQ afonegis oksylfiggnt fas ononmln@@ag@qwc Asaligady

uyf k

e%@%inr%?iz !’nnag'F @(g%ﬁ{l:\}é{rﬁn&%sétﬁfﬁqr@ g%n@(@%\’lcé Hfdef l‘l@étes%hrge s outside
of tneesntaling device @nsithhaat isiremaeadl via mejheateca)rtdmetlm@atetal structure
sQur .S _outsi ceand eat i s
2Py Ee 5 a Retfionhe el B i Reb&) thethiiatoal Shucthor tre
chylinig eviczomiustbéregtitbedihadaridnlts optimlihihg tHesfidabndifiens.
physical structure of the cooling device nust be
optimzed in addition to optimzing the flow

d The i
ol oo h BB o e AR i e A el B ¢,
‘hydrodynaorie n‘aﬂter, "fwhich ﬁnssrewonmbre fior tive optirdumi fliove comditions, and

o o e HACHEL G0 550 o 353t O Yo,

illustrates the inventive deS| gn paraneters and their
effect on cooling capacity: 15 It has been turned out
t hat Twe {Qllowing, flystrates fae awsn@vs%ﬂ@rslg@pameﬁegs and thain effect on
cOSIRRS cft)?’SS and tenperature difference, it is
part| cuI arly beneficial to optimze the ratio of
channel width to interval between channels (bar

s to.

Behat he. heat .
tr anE%hgls’ b@%ﬁé%P"Fg ﬁﬁ‘%u“&ﬁ]ofr‘?&ar #R’U@et ?@3?54 ?Qe}'m'z'ng criteria,
p(e&sdté‘llbssltaﬁd V@hberéith@tdllﬂer%hﬁéh 8t i%q%artlag?wlbéﬁkﬁld i#@Ng8plinize the
channel  wi

. to
rai@sqfdih'ann%/wﬁth toi iptaneal Petweenchangels Garyya) oh rafipsthat is too
f [ :
"BAThAS pEgek T Shh RN T 6 o
sl50uld ;prefma’nlywbe imtpetlaoge of fraoml .5f:dli fo 2.0i: dkAegtwnnel width to

sl Bl Bl R R3na R Blee ¥ oA lfR Rhgriia.f chamne

widih/rédieud dsibthitkmiess sRbultiibeciiingé sande ofcforhize: 110 5: 1.
tenperature of the object to be cooled as a rule is
not constant over the surface area, it could at first

appeffinitinPite relidlaPfdNthicREe¥BRhermore attains improved heat
transmission between the individual layers. The following applies for the base plate
thickness: Since the temperature of the object to be cooled as a rule is not
constant over the surface area, it could at first appear obvious to design the base
plate to be thick in order to achieve homogeneous temperature distribution in the
cooling device. On the other hand, heat transfer for the base plate diminishes as

thickness increases due to the heat resistance of the metal used.
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plate to be thick in order to achi eve honpbgeneous
tenperature distribution in the cooling device. On

wao bw4posh2er hand, heat transfer for the base plBECEEP2003/010800

di m ni shes as thickness increases due to the heat

resi stance of the netal used.1830 WO 2004/ 032231

PCT/ EP2003/ 010800 18 Thus there is a heat transfer
maxi mum for the inventive base plate thickness, which

thic mhas?eh@r%ﬂs Bh et €ahSfer ATaxafTBi foF (HAaRGATVeD R pi&e
(desi regl}‘ nperature difference or layout. In all of

thigkngRs: 'Cébfalcéngsszaan bagreatar e smales depending arethrdeesired)
térhﬁemf@fte dn@f FeﬂEé df qu‘bﬁmr‘( &ff of E@é&g lcQ@@Fs (?lg\"%rﬂﬁ/ egﬁémﬁle on

using t est POSSI
tmmarkﬁtstha headis rapaddy r@nomdaframctbemeat seurce bgdising the thickest

pﬁ)%%h@l%{sse ;?Ieges ‘éfg”t i@grvvﬁ]oéjg fm m#qhg%ooun the cited

obkimtkmeRte hOéntN@e:dwhg a@med@m thec@PBEhANd, HR3GRe AflHimum
thus brings the m.cro-structure with the cool i ng

nﬁﬁlﬁﬂw &@si ‘P%&@Ow@@s%ﬁ iprehe sofrRePonchng capanitysange gad thus
f?é’m?ér% Rk th@%@})hﬂf%drﬂ@g YosW %sg%ossdble tq the heat

| taneous 10 substantial reductions I n c
Sgamen dbus assuredraraloptimimkdrlodal dteiab removalmsth. simlitarseduse

e or. t.he chapnel geonet.r channel, width, .
SHBRANT Tatur g in o R0 PIRERA a8 ARy rEhidgygn in mass.
"hydrodynam c factor”, while the channel interval
residual foil thickness and base pl ate thickness

par arfete e parametasdor the ehannebgeqmainy (Fhasnelwisth, idesth and
' t  ACH e t
4 B AR ocS bl Syl AR e
ingarvel, rasidualrfaih feckness endtbaseqtiateibicknessmbrameters influence the

; . q ”

BaLEahufyobieting bledaklond SruPuls "Ember Sty Beer

Theslatbaeﬁ a@lﬁ@hlyﬁé@dnﬁé\ﬁtod ihe p‘HyQWaUarréﬁgdn@éhtldﬂ the channels
utljne ein below p S a ver

a?ﬁ?s ‘Pff? Ny fef- et e‘lﬁff‘é'gjbﬁsgﬁ d5m0ﬁ§lyr§’ieé veth %arqﬁﬂgrv@f@énples

pfedentétbBedly. 'Sh?p 't @IS H &N @ﬁébﬁgl‘%dfthéﬂ tﬂe'ﬂ%lw célrectlon in

I ntroduced t hroug e gap in this design
Dgsignod muatn@dd@selg rbalqw playsiawesy sabstantialitelec #he idekign principle

obfadt Bk ARG 38, SHfhlodBd LSRN B 4 nd REE RN e
gapum tes Ueﬁlgn eUtlhg a‘plpfxyprfat@dbtlgnftheYnkéﬂaﬁéa?lﬂ‘ie céteal in-flow
ure sultsfromthls and the pressure

oRRE e, S imeliurtionns that ncressendbe Paak TaTPraimgion jmmedately

above the heat source before the flow finally fully develops. The pressure loss that
results from this and the pressure loss that results during the distribution and in-
flow into the channels from both sides of the cooling device having the Design B is
compensated by the shortening of the channels and by the doubling of the number
of channels compared to Design A described herein below. Since in accordance
with the Hagen Poiseuille Law flow speed is proportional to pressure loss (Ap) and
by doubling the number of channels the flow speed can be cut in half, Ap can be
reduced by 75% maximum by this and by halving the channel length. The channel

has a so-called “critical length” beginning with which the laminar flow developed
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25 flow into the channels fromboth sides of the
cooling device having the Design B is conpensated by
wo w4928t eni ng of the channels and by the doubdT/RE2003/010800
the nunber of channels conpared to Design A described
herein below. Since in accorggnce wth the Hagen
Poi seuille Law fl ow speed is proportional to pressure
|l oss (Op) and by doubling the nunber of channels the
cérhptét@peﬂﬁﬂr@ﬁ!he%eéétdlétﬂbthlﬁinf carlPe gascied & %@éﬂ?éecbé(ngular
75% maxi mum by this and by hal ving the channel Ien'g_z|
profite. dm Hhipspse ¥t@spr§S§WEda$s isreater in aegordamgs with the Hagen

PHERE 128, P e e Bl S ighers TP R R R st s

be netisﬁmbwm ther lindet eftact camthiab treepressred oby remaiaamhipimized in a
ile. th I
oy RO eer, BlUhs rBahka P ER oS RS OB Sy | o

Law, but the heat transmi ssion is higher. The

tranS|t|on poi nt nmust thus be optimzed with the
" i nl Bunggmentally, Soweyst. thﬁéhgrﬁ%@é@m@m §8aulddigaasshort as

p{)@gmglfg,egad%@s,&% controll ed manner, but the heat

transmssion Is turther increased. Fundanmentally,
however, the channel |engths should be as short as

poss' le for_ ea Si 10 Startin
B nd 8 3 S30a053! 4 Rk Ao ReBanit th Bbing
d@ﬂ@’dz eéllapel APisie miniliird caih g THtBrtiaRalbepiisHeRNEVePNBvMeY using the
ushed even | ower using the described design

desgriogdidasian yasiatings-nore it has proved advant ageous

that a heat exchange surface 15 created in the
channels in the interior of the cooling device is

| ar geurthérmore itdhastgreverhbdwanageaussthat abeabexchamgeasieface

el BEERATER s et bEYe BRIBE Bl e '8
theehal cdritatt Suefaekionghe base platérEortinstanegf thedlow étfa'ﬂnels in the
exchaq?%e surface in which the heat flowng into the

cRApLi GRY Icekan foEmiamarmseF Issd dspse ﬁ@tt@rcsldmaq@et?éa@'utﬁoomwlane

| f
o SR P URTa R 000 P SRS 1 EEooing
d@bﬁ:@tﬁtabwrlﬂ%ﬂ by thsl eapling medidin: ébe arée oftilis bealtachange surface

\ t hi d 0
A B aoBp D8 urifGered T HBEReq SRR Wa YBpEbE fect to be
chuted toihedirecs theemanturitast withethieodlihg ﬁévtlceCWHaaﬂils addltlonal
surface as dlre% |y as possible and conpletely t
optimizing measure achieves is that the heat from the object to be cooled is
conducted via the thermal contact surface as directly as possible and completely to
the flow channels and thus into the cooling fluid and not for instance into the side

walls of the cooling device.

Another influencing variable is the aspect ratio of the channels, i.e., the ratio
of channel depth to channel width. Given the same channel cross-section, deep
channels (high aspect ratio) clearly have a positive effect on the heat transmission

of the cooling device. The aspect ratio in the inventive cooling device depends on
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the fl ow channels and thus into the cooling fluid and
not for instance into the side 25 walls of the

w@omkiosy3devi ce. Anot her influencing variabl e PEI/EPI®03/010800

aspect ratio of the channels, i.e., the ratio of
channel depth to channel w d?B G ven the sane channel
cross-section, deep channel §°(high aspect ratio)
clearly have a positive effect on the heat

tHel IFARSTbEMeUtcFAg Proddie Heftf] Idhl; 86y meRimdiScArRable figures are

ratio in the inventive cooling device depends on
coroent)yos ihe ramgErpEro0R/ D0808. 20 the limits of the

et chi ng process being used; the maxi mum achi evabl e
figures are currently in the range of from1l : 2 to 1

3. Uskigrthe tdescitest dédigl opraiziny, @pteffactivagansfar of heat from the
5 object to be

é,ffective transfer of heat. from.the [
oilget B 6o1IRe Kb FaRiing evice anddnioihg qeRling Bsdiugg can be
aft@ Ay WE&iebRehe PrdBURCHss 8484 d D8 RLESTLHIE rér@e%m'tr%the
adjusted to a reasonable range with the inventive

inyantive adinstnagnttahéhenyirodynamicdastat as deawibgelsio thd Buegaing. If
d%ﬂleed‘, %rﬁ?g&ﬂg'loésf %feﬂgﬁpé.g'd‘” s t[:ﬁrc\‘ §8tr !irgeszﬂi gtjt}%)lcal heat

ar’'or  I'ess “can ned Wi
tramsfes Eapaditgns @ppyoxirhapp2 e Watstdny’. I9PichbEiaracteRistic
Typi cal hﬂ{act ristic 10 paranmeters for the cooling
p@y@&{lgrs&fgé_ € PVROLRYI€IA G- 0.01 - 3 L/nin; Absolute
capacity: 0.02 Watts - 2 Watts; Power density: at

| east 20 Watts/cn2; 15 CPU/fluid tenperature

di f f eloehauantitesds01 kank/minik. Addi tional design

par a th cture factor and

t hat ﬂg%cﬁg%l %&'%’s@gyﬂ\?ﬁtgpt?rlﬁﬁyz%&ég are: total nunber
of cRaweetsnsityuableast?0 Wadtalcrii | s (channel pl anes),

surf r, on the fojls, syrface area in the
ch anﬁ%ﬁéﬁ%'ﬁz%mpﬁ@ugﬁéﬁfﬁ §ecs E?statg‘é” gpé&-) , channel
| ength, type of material conprising the netal foils,

the base plate, a cover plate for closing the cooling

devi Additigaltdesigroparameterfdhatrinfuencerthe struptirefactdr-anidt that

S j .
SARISbB32h G oo, o O RF o BRLIRY Tl v s
(chhaneli ganss)dsdrfacecareatanrtbe foits, sbdacebreado the charrafis\draat

t he object to be coole an%the C olln% devi ge.
exchange'surface area), channel length, type of material comprising the metal
foils, the base plate, a cover plate for closing the cooling device and the joining
material for the material-fit joining of the metal foils to one another and to the base
plate as well as the selection of the material that is used for creating the thermal

contact between the object to be cooled and the cooling device.

The inventive cooling device contains at least two metal foils with flow
channels. Preferably the channels are organized into channel planes. Instead of
two metal foils, it is also possible to use a single metal foil and additionally one
base plate provided with depressions for receiving flow channels. In this case the

one of the two metal foils is then called the base plate when it has channels.
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25 The inventive cooling device contains at |east two
metal foils with flow channels. Preferably the

W@ b@ansd231 are organi zed i nto channel planes. |PSI/ERPHODO10800

two nmetal foils, it is also possible to use a single
nmetal foil and additionally e base plate provided
W th depressions for receivi 3 flow channels. In this
case the 30 one of the two netal foils is then called

the RSBt idi : 0
T o e BB e o dind 38038 Bréterdlly 20010 pafedfor the

chevnele WiHB respeck tathieyforegoing tk ameansftbat eiteer th&metas foils and

MbhBgB AR bl bR 0 P25 B8 Tl o
apditivhalgdorvé basecplats@itiowtrchannelGrepralidédiFsr sabdke plate that
addi ti n%'nlpgsr 8?@6 ba tne |ate without channels are

CRAEHNS ek haepidyakioihickressiariméesrange of
frohe56 engod hﬁﬂdéé@ﬁoﬂ%@l)f. gHetheal trfaﬁisﬁer'bg'&)&lﬁgﬁﬁ&n'tﬁ% bBject to be
5 o] apply. The

the range of from 50 to 300 pm does no
cpelad te thmer@ingdnedium yicreasas with toenaotber of bhanmeal plangs.

A BE ORI ERYTSER Lol ORBPe Flgasea
furtreer, oratnedstrcanapiaee tneaomgholy iherebsed eated, wher there are more
east (IEannot be neani gg%ul Iy i.ncreased further

| il
e | 0RE W 1 HEe SRSMIGNAn SNy BPinG e iIRBeE argyers makes
itgb%@gigté t)bg;dﬁhéiﬁaﬂob!@?é/ﬁd& drihRabaRger Qépé%%f Qhé"@gﬁﬁlg;device

it ssi bl & to adjust various ranges of at trans
apd  toyintentiomallydbliuensg rienifaeturing ¢oatss Since each channel plane

P O e LTS B DU AR M 3PP gupecty
rdti idesingrétheniusing the iapaitiveahamufagturing peegessi the pricet ¢em be
ViR oS Enil ecticet Yol SushOga Sl SRBShaANDPAIPpIcation-specific
desigh ¢edlictistduriadbidrea£oi vai@Rker capacity when

appl i cation-specific design reduces surface areas or
volunme. In addition to the netal foils and the base

I e t to..
o a5 P07l A 108k e st
ta thedhéinva contach s@face fandhelobjeciol bencoaled, the imlesrive asic-

over plate. The cover plate itself can be . al

S e, R G teVife 8 Rl Rver gl heciten pefe Stk o be a
mgtatfol piovicRA Wity ERamed But ithedh dIBGBEH WHdtR@tirbe cover plate.

m cro-structure cooling device, the structured foils
Faf manufacturing the micro-structure cooling device, the structured foils are
provided with a cover plate and a base plate and joined to form a compact device.
Preferably a plurality of openings for the connections of the inlet and outlet areas
can be formed by etching, punching or lasering preferably into the cover plate. It is

preferred that the cover plate is made of metal, plastic or plastic/injection-molding.

Provided for introducing cooling medium into the cooling device and
removing cooling medium from the cooling device are apparatus for connecting
tubes, for instance injected, integrated or joined connecting supports. The tube or

pipe connecting elements can be directly integrated or variably attached by
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provided with a cover plate and a base plate and
joined to forma conpact device. Preferably a
w@bkamaBizBy of openings for the connections of POEEPINN®010800
and outlet areas 25 can be forned by etching, punching
or lasering preferably into ?Ee cover plate. It is
preferred that the cover platée is made of neta
plastic or plastic/injection-nolding. Provi ded for
stRWiIRFYSE] JBE\I@@bld’é@m@RﬁéHﬁ@ ﬁF@ssH@fer?d?Q:l bﬁgdﬁé‘é{vé Cohécted
removi ng ‘cooli ng medium f ron1t e cooling device are
taihear £P0BEGH0 LippAEEEraduiddnes o e pyrops andioarxternal counter-
ted, integrated or joined connecting supports.
e tube or pipe connecting elenents can be directly
integrated or variably attached by WO 2004/ 032231
PCT/ EP2003/ 010800, 22 screw n . J 0l ni
(ol AUTRSIIIGE b g a8 Sié Lt s SaspralBsiaasalel o one

afSRBE B this det MOS %e%ﬁﬁﬁ@ﬁﬂwb?%&é# BRI sSuRi® a@tr‘é'lgﬂwt line.
lines to the punps and/or external counter- cool®ers. 5

Peiallehsnalse dneg’heuryrd enestar-shapast chenagls fooitheslikpethet do npt
n%ﬁéb Eﬁhﬁhh?grél%l FH]Sne aR0HBFEan BHD t}eﬁéi\/ %?aeieougt THEMakes it

run 1n a stral
p&saiblelte Iarraegakrm btnarreméls extrgnaelg obose tstome—ahﬁlm@tbo that very

o StBispt FontiAE s atbines DeuieenBh malora A e gulnd eripeymeta

foMBK&sd tHe cdMRg inkdBuo A?sfor (ﬁi?fﬁélvtaB% i§ %ﬁ? RkFed Mrégfﬂ%bénsmnal
close to one another so that very ffective

afrargrinent ofdhechannmig lfb\é'hwbéhe tndewdml éayea$ l: pttqveied with

o hbg}g device (nmetal foils) and the cooling nedium
so-concei vabl e is any desired three-di nensi onal

arrangenent of the channels in which the individual

| ayers ,are ided w enln 15 Furt her

o ERs PR e eyt GRURE Bevish cRilvie gt et pne nlet
dietrdutioh 8baceslhnd at Ridst Be BOBGRIISABuUSN R foPMR Mlh%hedlum.

di stribution space for the cooling nmedium Design

The distribution spaces can be arranged such that they

are Eéélgﬁ‘tAeq’h@dlﬁhﬂ&hﬁ%ﬁé@%@?ﬁy% %’??rg;i%gf %J& SV s e,

opposi t& one anot her an y across
situatéd et swdeltshrfates inghe soding deviee eppcﬁsiﬂelmecmﬂthelgand extend

d | [, desi .
5 8Brosh d Bl & AUk e o AGE0R0 Bk e
space and on the outlet side to an outlet distribution

space. Thus in
In the flrst channel design, the channels connect on the inlet side to an inlet

distribution space and on the outlet side to an outlet distribution space. Thus in a
cooling device structured in this manner cooling medium flows via a first
connecting support into the cooling device and then travels into the inlet
distribution space. Since the inlet distribution space in this design cuts into all flow
channels on one side, the cooling medium can flow from there into the flow
channels. Once the cooling medium has traveled through the channels, it reaches
the outlet distribution space. From there the cooling medium flows into external

cooling lines.
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cooling device structured in this manner cooling
mediumflows via a first 25 connecting support into

w0 b@408x2Bi ng devi ce and then travels into the PCI/EP2003/010800
di stribution space. Since the inlet distribution space
in this design cuts into all §|OMI channel s on one
side, the cooling nmediumcan™Tlow fromthere into the
flow channels. Once the cooling nmedium has travel ed

t hr omgh sédsh Ve | Desidh B ﬁ‘ﬁé:rlﬁ%?al féll%ear@qﬁﬂe%pted at
di stribution space. Fromthere the cooling medi um

awr@w&ltﬁtydhemeghﬁ &f thegpewnal Gangadtisnegce \p at trest 08e Fdet-side
e e

rﬂetfilgh'rls ad atdae, Wherel’mlthe m&talcfblls ard pneéer’ajalyaetedaeateﬂ abteast
i.nlet-side |on hanber .  For nst nc
sy ReiroL el e TDEHERviSt: fen bgk HE Fiaged Jiom 50 to
28003, fohRistdneet Wﬁegﬁbfﬁha ed |dfstA @idi @fhBdH can pass through the
separ ated at | east substantially vertical to their
conlingedevigedaraaly avertthe @ahreoerorssrseﬁ%orr vergealdp the srataidols If the
f ny [ [
D cdThc Utk 8% APEfiocd ApERMARRRERLR bhREbadl piate, the
distrioution ehembier elsorsesaFaiesztheonmebaé foilscapgproxintately e the center
foilz. t t her nal ontlaﬁ aiurfaels arra%o} .
gt 3 RUEERS MILGET TSRO IRP U T e AR SHTREION of the cooling
déliisé ekfentiingrusiaad ronpihedbasennaeitAfoudhethBRhahnéiQibses. What
approximately in the center 10 region. In any case the
thgsa@rra%gqmemtea@m\gesuem e eoplingemedinfrethat 8gwvaintofthe he
dlgﬁfﬁlu'heﬁ cpﬁﬁff)b ﬁ?‘%tﬁf‘v‘e' (%eHQ ?§e lpLeﬁ@lé Béo Efsoocto%gs into
t hroug e c anne ["anes. a I'S arrangenen
cmad:teuiﬁstheebasteamaﬂemppcmomatgjy imethewertttahbrdd iowshichtte thermal
amber, from bove when .t he bas
ctget ok it Slyetas T BirckicbR B i in o o 1 IPAGS Base
inpleised et rhsrakely in the central area in which the
thermal 15 contact surface is situated. This produces
a flowinthis area that |l eads to increased heat

tra@ﬁﬁéghéﬁﬁ%eﬁg‘ﬁrefé}ﬁpp A u}?'ih‘i{ Slléﬂgeﬁfaannefhltfaf% all of the

pl anes o e neta
ctmme&:amobcamecteeh at theieonea dnticboltri&adldtrmraob whaover. In one
refer ed enbodi ne

PR ProaPioi O BhtoR ol &g eibpuidey Bt RSeRtaly
pdralleirne onecirvitier. Futiidraiore rpeom@dllsd@tdeaﬁ oile doiastiorP&famber
wﬁl%ltﬁg tcegl?ngcgqu?e with which all channels are connected at their other end.
Two collection chambers can be provided for instance that, as in the case of the
first Design A, are arranged on side surfaces opposing one another and that
extend essentially across the entire width of each side surface of the cooling
device. The collection chambers are preferably connected to one another so that
cooling medium can travel from the distribution chamber into the cut-in flow
channels and from there into the collection chambers that are joined to one

another.
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within the cooling device with which all channels are
connected at their other end. Two coll ection chanbers

w@2004/0822pr ovi ded for instance that, as in the PEEEPWN3/010800

the first Design A are arranged on side surfaces
opposi ng one anot her and that,25 extend essentially
across the entire wwdth of each side surface of the
cooling device. The collection chanbers are

pr ef g1 gl dasesTIRE DRAigh®B, AewaN Proated Ard Babastcad firse
medi um can travel fromthe distribution chanber into

comrecting-suppprtdhat is kanmeated tminerqalgctioneekambpers, apwell as at least

88 30 B §3380 T B Riasdn S hishan O Wiarp R Qimber. The

codlingDasdipm Ban dwuisied tonductad adf aneexiérnbbesdlingrimefviia e first

connecting s ort that is connected to the col] ectio
o iREpUPRBH T the 8o Bn ERBNek S0d Las RuR dario the
flowrpahhelsh@he icBolrMmeaiuedlisi theh AR eblictiftoltHE icOlle @bATEMRMbers
The cooling nediumcan thus be conducted out of an

apd frophHiere ¥R thegacrid conreating stppert ogt againdetoj aryexternal
C&ﬁ He.i nto the distribution chamber and travels from
there into the flow channels. The cooling nmediumis
then directed into the collection chanbers and from
therg via the second.connecting sypport out .ggain into
an_ exbsdmensiass g aNve saomEdalce el cappal be
obfirdef wite irﬁﬂ@hﬁeﬂl 9r<§iﬁ|‘é_ti§|¢ méthddd M&hﬁoﬁéﬂ%plib@ for
obtained with industrial production nethods
megmiraiehingherolingystamsitoday.  nanuf act uri ng cool i ng
systens today. Therefore for manufacturing the
m cro-structure cooling device, nmethods 15 can be
usedThérgforarfor maaltagtuingttbe pricnottdlatineadiolin davide, methods

o BR3P0 0l 58 Bop B R OR BREE i b Moo, tese
n&gr:i%ﬁ wm;jQSi?Q Iﬂfegfndrvﬁﬂlag pRicebs B@ps d??h@{oliﬂio’zéﬁémg/, afcturing

g, preferably soldering ( 197 08 472 A). The
(é&ﬁfﬂ%@y Stehinglaneal RNCgeanc IRiEg. draferahly Raidegng (O (9 08 472
s T i L el
staskingearidngningy micrasstraclerenpiailai Ceapboentt desigmstrvotiiré and
joﬁn%gfso%erliruﬁ s"il/gtielniwst grefooprtimized for this method in terms of the ability for
mass production and thus make it possible to manufacture the micro-structure
cooling devices in large numbers cost-effectively, whereby existing systems can be
used that generally do not have to be modified or only require minor modification.
The advantages of the described manufacturing method are the use of already
existing micro-structuring processes, scalability for industrial mass production and
very low costs. This offers the great advantage that technology that has already
proved for mass production can be used in a new application for the inventive
cooling device and furthermore that the process steps can easily be combined and
integrated. Thus, for instance for ensuring force-minimized assembly without
additional retaining clips, the cooling device can be mounted directly onto the CPU,

preferably by soldering or adhesive.
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mass production and thus make it possible to
manuf acture the mcro-structure cooling devices in
wo arog@3nanbers cost-effectively, whereby exi stPOLEP2003/010800
systens can be wused that generally do not have to be
nodi fied or only require ntngg nodi fication. The
advant ages of the descri bed nuf acturing nethod are
the use of already 25 existing mcro-structuring
processes, scalability for industrial mass production
and very low costs. This offers the great advantage
t hat Thethinwinggyropedieshars adfiainesldyith theosmalicBtion obisgcro-structure

ot P BBy e he S e By RB er mor o hat ¢ he-
process steps can easily be conbi ned and integrated
Thus, for i nstance for ensuring force-mnimz

assenbl y Y&V RN rgbabci%ﬁtﬁoﬁﬁ%lse?'e(t“ﬁ?wrﬁgse@l PB;‘P 19Rabar - Ls)
I t
cool i ng Qﬁ‘th@ﬁu&r%%ﬂ%%n@@ﬂ tﬁéjcgblfrf?c(yé\)fcé)gfogtdr il §§ﬁ‘ent but

preferably by sol dering or adhesi
PCT/ EP20C8s®@beseen the riceo-Ehan red rmgthprcmvmet fcth)m:rrezmg the

attai ned lic re

engi neer |Hrg§§$ghg§%§§$#gt'ﬁ+ g@'ng[%énfg gce 5 1.
Very hRglExdetibntairiegsurelrgsistinee of #e éd(ﬂmlgttm\ﬁ@aénwﬁtrérigth of
10-9 nbar - Vsz;§ of the mcro-channels in the coolin

devi ce t dNeiRINtSIRAtWERAENE Metrl foilsardthectanes and hase plates;
m cr o- Qha\m?lg%obrteglg%n@@t? %Srro&?hl ?@édrtrglti 3(? ﬂ%o %‘é of! heBfication,

transport by “using a conplete
Excel | entusiigeruesion pritectiondayers aptptaed et dtroghdmidatiy;

and stpe ts between the netal foils
and the %@E}&bﬁsgaglé%g%s{sg%n S 3. Very good resistance
t o cor 6osHiamogenkpisathdndetsithabaredray ofgapdsitetandrihat are

usi ng corrosian ote tion | ayers applied
el ect roct%?i"%‘%ﬂ"?%y‘ﬁe fef18% enper at ure resi stance; 5.

"angeBeCMﬁlrﬁQI%TB%tﬁetIG@ fortrfe éécﬁﬁg%eé’i@ﬁpiﬁ' tF'\t/lé r???r@hg device.

that are 15 geonetrically wel i ned; 6.
pressure | oss for the cooling nediumin the cooling
device. For assenbling the conponents, the |ayer

thi W%%%eﬁfbhﬁ{i?né%rﬂ bh&% St)‘\%ﬁ%’%ﬁﬁ@k@%% W&{tﬁe%ﬁ@fe‘ﬁﬁé system

paranmeters nust be ca efuI y €00 nat
arghibeegocéss parameters must be carefully coordinated with one another in

order also to make possible soldering in the laminating presses. Please refer to
DE 197 08 472 A1 as well as “Handbuch Léttechnik” (“Manual of Soldering
Technology”), |.E. Petrunin, Verlag Technik GmbH, Berlin, 1991), with regard to

possible joining methods.

Please refer to the figures for the following explanation of the invention:

Fig. 1: shows a cross-sectional schematic illustration of a structured
metal foil,
Fig. 2: shows a cross-sectional schematic illustration of a micro-

structure cooler in thermal contact with an electronic

component;
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order also to make possible soldering in the
| am nating presses. Please refer to DE 197 08 472 A

w@g0mmbi23ns " Handbuch Lottechni k™ (" Manual of Bol/dBroosig10800

Technol ogy"), |.E. Petrunin, Verlag Techni k GrbH,
Berlin, 1991), wth regardtg possi bl e j oi ni ng

nmet hods. 25 Pl ease refer to ﬁe figures for the

foll owi ng explanation of the invention: Fig. 1! shows

a crpgsgsecti %@lus}f‘éé?ﬁ@?’@é&&ﬁ!l%%t@i?ﬁ?&igagicgé-sﬁucture cooler plane

structured netal
cross-sect i onanh afobieDesiga A; | | ustrati on of a mcro-

struture cool in thernyl t h, an ect roni
compbitdr : oo S S Bats st of GrBisn stuatis Groé: plane
3: shows a sch.egaggc@ndl[jelg Btl on of a mcro-structure

cool er pI ane in a first sign A, Fig. 4. shows a

schehig Pa: i | | $8PWEt3 srhesnats IM%ﬁa@ogﬂf @dnigre streeileg cooler in a

plane in a S?ﬁ&@eﬁ@?}A trﬁcogflng'rﬂedléﬁ %0?1'?1%%@ ressed in;

schematic illustrat a mcro-structure coo
a fFigsBbDesi gshosta s¢hepadici ihgstratidn wiacoicrestractare cooler in a

of o mcr 0. st PR RO ANET o sCORTRLl Spnrds WihiPfing

of f-set distr |rbgd|u@m@m@@@$s metsbe@qpl ing nmedium
connectars pressed in; 10 Fi shows a schematic

i |1 uEiG 261 on ShowsiA &th@iw@éoe%E@Icrmstéuctﬂre@oler ina
Design A with fﬁ&rtfn%"é'%ﬁ‘A%m éé?@\?/rlﬁ@ba %ﬁﬁ%ﬁﬁﬁ %ﬁneéz o

5d: a schematic i tration structur
cool Big. Bd: a f iarsaheniadiciidrstration Dhasmcm/\sh'mntum@m in a first
cool i ng medi u

connectors. Fiqg. 5e: shows a schenati _
“Tlustration GeSORr! Sreyde %’@?%%B‘P‘glngi'ﬁ SqiULCanagiors:
Desi Eig. Sewi t h shbivset schepiatichiistratios BRaenicroMstrlictare cooler in a
nol ded cover plate in the shape of a cover, wth
screwin cool ififgf Design A with offset distribution spaces, with a molded
cover plate in the shape of a cover, with screw-in cooling
medium connectors and with a base plate that has cooling
channels;
Fig. 6: shows a schematic illustration of a micro-structure cooler in a

second Design B with cooling medium connectors.

Identical reference numbers have the same meaning in all figures. Please

also refer to the attached reference numeral list.

Fig. 1 illustrates individual optimizing parameters on a metal foil 1 that lead
to minimizing the pressure loss in the cooler and to minimizing the temperature
difference between thermal contact surface and cooling medium flowing into the
cooler or for maximizing cooling capacity. The channels are shown as recesses 2

in the metal foil 1 that has not yet been soldered.
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medi um connectors and with a base plate that has
cooling channels; Fig. 6: shows a schematic
WO kdoymsn2at i on of a micro-structure cool er in aPCRBP2003/010800
second Design B with cooling nedi um connectors.
I dentical reference nunbers ?Zve the same nmeaning in
all figures. Please also refer to the attached

reference nuneral list. 25 Fig. 1 illustrates
i ndi ghewalar@mid Bhindg wihh %T%hﬁﬁlsel%fﬁh f'%l’%lnnfeplhher@al (bar
that lead to mnimzingt ressu ['oss i n

wiib) & @nd asidgalfpihthigkriesy rt A@Otsinwm isttoe J@/Idtblffdfgln@ sigectured
%‘Jag W?ﬁ{é ﬁwgfdrl L%Cﬁgggl%é?\% rtlﬁ?%?d@@ﬁ'al ﬁopg r#g%go%%r?rﬁg}er g (base

pka@ﬁmkmess)l’he channel s are shown as recesses 2 in the
nmetal foil 1 that has not yet been soldered. 30 WO
2004/ 032231 PCT/ EP2003/ 010800 27 Shown are the

chanpgy. 2wilgsthutds a cbarrnsl w1ﬂ?@fehmtall¥ EBﬁﬂéeﬁJd (‘JIBUeﬁrB@éssor 4. The

(bar wi dth) s and residual foil thickness r.
ceplena in Bis pesepemprisesoput ﬁ@t%ltfﬂm:i ueaah ofavhigh bastﬂmﬂ cooaling

& irdls %'n!db]a 'sgtual?eidst[‘]8¥$ hetiee ﬁd% cggrgrilu%l_g%éfeachnrﬁetal foil 1

par ame ess).

alrel tlosad iay es anijamot met@ fod t hThdeoaotird MwalmtsazbemélBWermost
se conprises fo

TS5 ot B bt o 15 A
alebaibaeiss \33 @ﬁﬁerth@élscoﬂta%'t %Hﬁ&@@'ﬂﬁ@ h@aﬁﬁbé@?‘%PU‘ﬁocessor 4

channel s each netal foil are
dengleRse for H@ﬁ urgasel thf: Cﬁ’hlepr@gmsmgt istrended snaza ¢gdiningeneans

YL cBRY Al 101 o B vShRP ol BoliE, Gk spngcive
acissive) 7 toithe dbatsé epiatals dm diné arda eﬂmfe&hﬁrnfaltchﬁtdmetjrféd%ﬁs The
4 ev r ose
CBbPipr e R HOinor SR G bl GorHef Bl g HRbaEeK ohgmetal fois 1
arﬂ@@dsé PRiteTslis 6leBEd Y iavddver pratd 9. sntﬂ@?éd 6r5 ﬁﬂﬁﬁfﬁ’é base plate
onpound, sol der, conductive adhesive) 7 to the base

thﬂﬁ'@@ésg'ﬁﬁlwoa\ffba of the thermal contact surface 6.
The 15 CPU processor 4 is nounted on a CPU carri er
plate 8. The stack of netal foils 1
Different designs of the channeling in the micro-structure coolers according

to the present invention are illustrated in the following:
Design A:

Fig. 3 schematically illustrates a cross-section through a micro-structure
cooler at the height of one metal foil 1. The individual channels 2 in the metal foil 1
are shown. The channels 2 are arranged parallel to one another. The parallel
arrangement describes a heat exchange surface that is determined by the width f
of the channels 2 and the channel length and that is larger than the thermal
contact surface of the electronic component. This is attained by selecting a
sufficiently long length for the channels 2. The channels 2 open to an inlet

distribution space 10 and to an outlet distribution space 11. While the channels 2
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and base plate 5 is closed by a cover plate 9 situated

on top. The base plate thickness g is also shown.
wordfiesrat desi gns of the channeling in the  PCT/EP2003/010800

m cro-structure coolers according 20 to the present

invention are illustrated in2 he follow ng: Design A

Fig. 3 schematically illustrates a cross-section

through a mcro-structure 25 cooler at the height of

a@@td’&é@bnfﬂh'théplaﬁ@%f bRdinvétdrmbl 1¢ hféﬂuﬂ%t%s%nbmudn%ace 10 and
metal foil are shown. The channel s are arranged

”’tﬁa@laﬂqt@I'Stt'@Jtmﬁ'eSFmﬁ@ﬂHeeXteﬂdw@V%fathalelnéte lné&rnalrfg@glﬁm the cooler
r t r. IS '
SQ SRS afpde 2 fBTHARRIE T B sl bl 8o o
dlsmtgnbnamacehao,Ys | arger than the thermal contact
surface of the electronic conponent. This is attained

by selecting a 30 sufficiently long length for the

chanpgligrafity dffseich tﬁﬁ’elStEIel’olﬁfs 4 986t BbricBriither, both via the bars
distribution space 10 and to an outlet distribution

99 dhe structurgsi fods d rpadotiafieeedge1 nof Q‘@dtpyl d3bpaddition, one of these
fcﬂgT'/o §%%%$é§ %@ﬁﬂ? bf@?%% tﬁ{a %y&%qgttgi éegk?@ggsair%rl‘lgngth of
treenchartriets 2ig ioein%hmieradpmbxnmateslpacenmweeﬁ thedsurfaee drbe of a

ht, of th

ter cool so_that t
CEhL Aires S ot aqRii g £ 30 Thie s marovsrang of the
caHes eslet the th@rrhé\l%on@écﬁtsﬁﬁbée fd?ﬁ!hé @Wﬁﬁrol:@sséﬂon Sach side
plurality of such netal ils 1 is soldered to one

resydis A chappel Iengthtah aotsvamsancba width fof He beatiaxehangs byrface
aa%ﬂ, ' ﬁﬁj%ﬁw foil 1. In addition, one

are ee!%d’bg/tﬂ?e |ei?2%g %?2 n\c/HIna the bars 9 and the

edge 12 to a base plate 5. The l ength of the channels

2 is.for st ance appr oxi Omnv\henth rface

2 eaFist 52 TS a P Rseeslon B e TErn e cabierdirggeby in

thigcaddthe cohnectoid W%Bﬁﬁ?n@dﬂrﬁ hat G iRl cteRin®y 8hd bb?of the

thermal contact surface Tor the CPU processor on each

ceqlge3 areshewa. Therg iz ARME! sieevrylhand apeuliet sleave 16i Gemrapid
alfu% ebst %\‘?eégﬁétas B@g S%A%Pfu%gﬁ E:ioa ﬂé@grslcff' SfOrel¥ed B? screwed

anne I'S a | ustrates
inte tesintst endantlef sleevésct®- 16 Thit makesid pbssible, towhmcb laytube, for

in'spance with a diameter of 4 or 8 mm.

Fig. 5b illustrates a cross-section of another micro-structure cooler 3. In this
case the connecting sleeve 15 and the rapid plug-in connector 17 pressed into this
sleeve are located in the area of the cover plate 9. The other connecting sleeve 16
with pressed-in rapid plug-in connector 17 is situated to the side in the cover plate

9 projecting over the channel area.

In this case metal foils 1 with cooling channels 2 are used that do not
include distribution spaces 10, 11. On the contrary, the metal foils 1 have
exclusively cooling medium channels 2 that are arranged parallel to one another.

By assembling a plurality of metal foils 1 with channels 2 into a cooling block, the
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this case the connectors for cooling nmediumthat is

conducted into and out of the cooler 3 are shown.
wab@n®e3i231 an i nl et sleeve 15 and an outl et sl eRUBEERBN3/010800

For rapid and cost-effective assenbly, rapid plug-in

connectors 17 are pressed orpgcrewed into the inlet

and outl et sleeves 15, 16. I's makes it possible to

attach a tube, for 20 instance with a dianeter of 4

cauling omannEis®bpehbatithe Balls atf B (ﬁ)dﬁhgfiﬁocﬁ(e‘}'hls%dﬂﬁg block is
anot her nmicro-structure cool er In this case the

agssed g toe base piate Srand the qoaﬁr alat Bguch tharhadlewspaces
fong\ tﬁateé%%ééégrﬁ 55 g{e;en(%ﬁqﬁé c@BﬁdeOBI‘B@R efldliMtolAgc Rt hiegchannels

e cov her nnecti ng sl eeve
2 ppeni theser ?e@@uswacensafpnmi thet lugahdnstnmtrmcztp:acelm a|$d the outlet

GRS Sob8 1S e, TR BB BB FAST i

plagon icognediarsnsieh dretly intsele tisaibudionspaces A0l $4€The cover
di stribution spaces 10, 11. On the contrary, the netal

plets 9 621 bRADanJECkRed Gastlieptivaly Bs ryMpliad ATk mad el plastic.
ﬁuhé&tﬁ&@olﬁ*{d GiBgek aﬁﬁg{e@} #e%hcééi’t ?gb?ﬁ{ﬁ ?ﬁ%ﬁ the

assenbling a p neta annel s
manufacturimgoansits fog the coder 3 sen \ne szrb@tarman)zfmuced

PCT/ EP2003/ 010800 29 cooling channel s open at the

ends of the cooling block. This cooling block is

asselFl‘gl 66 ilWistratdsendiesrecddiatvarianeng thid @a§@\46fcoﬁfr§§t€to 92he
h that hall ow spaces formthat are a %acent to

vaiies Ilypireted ia £d0i 97 e &RRid Rlvg- 'nrﬂoanﬁﬁﬁoasw fﬁ@rtenarﬁﬁteqslgeve 15
ard fR e oliiSFedld M)Wesé’rﬁﬁ&ﬁﬁﬁ &se f’ 1%6 ctors Othenmse this

di stribution space 10 and the out r|b i

vagigat eorrasparsisgedhe eabpdintént ImEmLe&al ng sI eeves 15, 16
wWth the rapid plug-in connectors open directly into
the distribution spaces 10, 11. The cover plate 9 can

be nEigusddiustratescasithef doetdri veellant as tids wakelad c@ﬁfréstft’@dﬁe
oég&l astic. Since.the cooli bl ock is Iar
epaetiEteat {1ysiraiedd Fig e, dhe radplig- WH@W’?&H@F%?U@”E@ inlet

sléé\?é $5 Al foMPeRALESIedVE 18 dpe eﬁ]‘%ﬂ’é’i‘ﬁh'éﬁ"} A %é@ gH&ﬁéj ThIS

Fig. 5c illustrates another cooler varia
m@b@%powblem altesnative assembhef thettube k:gemecaoesofrmm tIFe glde o)

i nl et
8 8 PRASh B oS BB BB, Al Bt el gt e
tubes san &e-donneoteddotoerfeee Shditiey e didd More easily mounted, even
under tighter space constraints. Otherwise this variant corresponds to the

embodiment in Fig. 5c.

In another embodiment of the inventive cooler 3, in accordance with Fig. 5e
the cover plate 9 is embodied in the form of a cover, for instance made of plastic.
This cover 9 can preferably be manufactured by injection molding. The cover
includes the area of the cooling block formed by the cooling channels 2 in the
metal foils 1. Also integrated into the cover 9 are the inlet sleeve 15 and the outlet

sleeve 16, which receive rapid plug-in connectors 17 that can be pressed in.
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variant corresponds to the enbodinent in Fig. 5a. 15
Fig. 5d illustrates another cooler variant. In this

W@ a®e/032281 contrast to the enbodi ment ill ustraP@dEP2903/010800
Fig. 5c, the rapid plug-in connectors 17 for the inlet
sl eeve 15 and for the outlet .5l eeve 16 are enbodied in
an angl ed shape. This nmakes éossible an alternative
assenbly of the tube connectors fromthe side, so 20

t hat The lc@¥Rig 6%?%6%;3#‘1@%9@%&@"\‘0@@1%B\%Q@%th cooling
Addi ti onal advant ges are that the tubes can be

chamnrie 2dinstanrrex y&vﬂjsam@w@r@s tilesGP W § heaaooligg channels
2P G L b T S RIB TR B et

distriitition space23. Thealsititieionespiacds 1ON11 afe inmetiaveintoneected to
C00 ccorda W th Fi t he cover plate

the 'nLe?é}ﬁﬁY&lfel’da chﬁ'len%“ *%gﬁlﬁ%? 18, &)\9@?“"‘?’& i nst ance
made of plastic. This cover 9 can preferably be
manuf actured by injection nolding. The cover includes

the Aheiowermoss rraeial foitd qﬁﬂ%m@m@ac@s alsrethededserpjate. In this
L
oFHEMREE TR, REne el ol eI R o B EBAE,  halee

phdt@&ud(nh%g ghisiin the am@e\cé fnoapi(z)ﬁlo /tdog,@go?m.olnnmntmss tHe/residual
t.hat , can essed in. 04/. .

riRlckBat ST T domerstes meteder #ﬁ@ i %bﬁoqi@&@hagnﬁg 2 3fg also
sif@étéb doek Indt ﬂie@éé&éh@e{%v\é"tb hecse® Wltﬂih th%hﬁ\%fﬁiv% rgnﬁ@éf from 50

a oxwratey he sane size as the . ecoomg
HB1- Howeves, thagesigualifoif Biickness @mnthermraﬁrtm@tad feliletis within

hgz_l SUER t,lagﬁe?gz@g ﬁtda@rﬂo I_]H]t o the outl et

stributio distribution spaces 10, 11
are |nned|ately connected to 5 the inlet sleeve 15 and

th I t Th t
ot al e GV B 1§ FRlEd o PRy s e § anafdp GoRIAG e the cooler

3RARA Qherhiblbbhﬁact sasacd eTHAGPUR Rt St oI tRE Bﬁﬁ*ﬁ\;rﬁblate 8 into a
satisfies the inventive conditions, i.e., the Dbase

rqfess dn enielagieedl inpulatingrayerd 8 fardestance peiectiye enanel @uo
e B0 bidbinadd el e dbidol ) FRRRR A s e

""ower nos
CPUa4¢oﬁ1&soutsedet uat ed does not necessarily have to be
set wwthin the inventive range of from50 to 300 pm
However, the residual foil thickness r for the other

met aDeéighl® is within

In order to minimize the pressure loss within the micro-structured channels
2 and thus to minimize the necessary flow quantity of the cooling medium with
respect to optimizing and making smaller the cooler and the entire cooling system,
including a cooling medium pump and the fluid tubes, the metal foils 1 are
interrupted approximately at the height of the thermal contact surface by at least
one distribution chamber 20 (“splitted channel design”). In Fig. 4 this distribution
chamber 20 is illustrated in one micro-structure cooler plane as a gap that cuts into
the channels 2 and the bars 9. While the channels 2 are only partially taken out of

the metal foil 1 illustrated in Fig. 4 leaving over the residual foil thickness of the
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the inventive range of from50 to 300 pm 15 The CPU 4

is nmounted on a carrier plate 8 and is in contact with
wobe4menBer 3 via a thermal contact surface 6PCT/RE20GHWI0800

4 is set on the carrier plate 8 into a recess in an

el ectrical insulating |ayer #3 for instance

protective enanel or varnish, and is surrounded

t hereby, such that the cooler 3 hernetically seals the

foﬁ:,FiH_eﬁﬁaIpOZd i%ea Qi dtdEns %ggﬁlgﬁ?ﬁhgh@hgﬁ%él b1 Overlaying a

m nimze the pressure e mcro-structuar
ploraditynedl stich metatifoila dsthus forims chanmetshz fareeesisiag\thé Icooling

BRI R whiR 2 Bl P ThE DR P e 20 formed by
therfaip! ©n ¢ieobineg hais ! @tends oedrubé Btk iBRor be tHEEehdlen,

punp and the fluid tubes, the netal foils 1 are
interrupted approxi mately at the height of the thernal

contigt 4 fEHAR AR SRAtY thg?ﬁt%tch%?nﬂélsdi é{)ér‘x RH6 Qb iE BRI & amber
20 ("Splitted channel design™). In g. 4 this
24iTdher¢adlectiamcharhbernst inzudies thé channedisedface acaeeon three sides,

] - I I . t ts..int
A58 fadimgfbih G 38 MGt e Bt 20 B SR etibes
chaneel ¥nd e loaler thhmkels 20The ebolindmedRingexitiaglthd channels 2
illustrated in 4 | eaving over the residual foil

Fi g. . .
g3 ERUES B¢ Heshapeseilipatarbeharpest $JdusMaenogoef cangucting
e
copliog capacily is aitained whersthiearaniing sediwhds 2ohducted drefheiragerse,

; [ : ' t. r ithip th tal, foil ,

14 P A A SRl el BB b o e
channklse2, dtdne wheenthe eodliag dsedivigrtraviess iBes tHeedistiibafib®Eharhber
the cooler. 5 Fig. 4 further illustrates that the

2Q.hannel s 2 open into a collection chanber 21. The

col l ecti on chanber 21 includes the channel surface

area on three sides, so that cooling nmediumfromthe
di stdusblike tbe distebitéon cttaraber 2thitke collestiopgbamben 24 iefarmed in

0 . cooli [ itin
8 58 1 A0 B RIRTK e, e AL T BUPRFLHEAE 109 s
beeol plecdd ome ovamthe rott2dr. thishshantber2drexeéndwacstoss thgentire inner
height of the cooler. Just as in the case of the distribution chamber 20, what this

achieves is that the cooling medium is distributed uniformly across all channels 2.

For conducting the cooling medium out of the cooler, two connecting
supports can be provided via which the cooling medium is removed from the
distribution chambers 20. Once the cooling medium has passed through the
channels 2, it travels into the two legs of the collection chamber 21 and is

conducted out of the cooler from there.

Fig. 6 is a schematic cross-section of a micro-structure cooler 3 with cooling
medium connections. In this case, as well, the reference numbers have the same

meanings as in the foregoing.
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the cooling nmedi um makes possi bl e excel |l ent cooling

capacity. Substantially worse <cooling capacity is
wateiosdlt when t he cooling nmedi umis conduct edPCTVEPI093/010800

reverse, 1i.e., when the cooling nediumis introduced

fromthe coll ection chanber 33 into the channels 2,

fromwhere the cooling nediumtravels into the

di stribution chanber 15 20. Just like the

di stri bution chanber 20, the collection chanber 21 is

formed in, the netal foil 1 as a continuous recess, SO

t hat A8#HEEiG: 3. it H1is £35e stuethrg ofi the coolesd wigearcopling block
e G\Rétal msggs;ﬁ.re (I:%(ﬂi'tna gﬁﬁﬁﬁ@@rz %ﬂaerﬁéhﬁﬂgfeiﬁgiﬂﬁsct{%g& The

entire 1nner the coo ust as i
cooling bk iscappiraximiabely tmsarhastzerasXe ansbabf the thermal contact

ey IS that. t he cqoli diumis distribut
vy Epis' G 2w e B Tom ElsctioB shatinery 2 rsut rom
treocdvien glare 9i than srajects oldians eratiel atewinCBBRRBIINGBlock and that
sugForts can be provided via which the cooling nedium -
Ca PrefRmPbHDS Fsmufarduredsasansiniqchan Nsidethaatenadeof plaptice These

cﬂambs@% 5% mer?m%n%mrt bgﬂmcfrpeme%ﬂe{m S ofe

it travels into the two legs of the collection chamnber
centrallydntiesruptashehregsponding tothe beangmhent ihfog 4 aadehus form a

afsego chafhl 8T8 s G R RBE 8T Zreci um

connections. In this case, as well, the reference

nunbers have the sane neanings as in the foregoi n?.

VO 2002/,98pedingieees i 36chaliegeive 7apid nlvg-i gonmssiors A7 are
. | i t q i i t .
rifeangaf LTHE ISP B ABRLELT T 1 el Uthe 1
infiodupegecoalingrreediuimsintd thestooker SdandTthe rapioloplugdn bbrmdctars16

I OX] I .he .sa Si z he area of the thermal .

SENEARENS el BTt Tuhes TR e ietesl BriDepid
plughih eohhesto i iescobhet Bisg bibelid 9510pERE it6\cdisPbatién Shannel
% at pro%ects over the channel area in the cooling
22 ihtiergRy inta dee disibutipacaambe)28e manuf actured as an

i njection nolded part nade of plastic. These chanbers

21 are connected to one another. Furthernore, the

met aExdroples are centrally interrupted corresponding

to the arrangenent in Fig. 4 and thus forma 10

di stribution chanber 20 that cuts into the cooling

chanTied sodling device according to the present invention having the Design A
is compared to a commercially available cooler. For this purpose the two devices
are mounted to a computer server For determining the characteristic figures,
characteristic data calculated for the computer system are used. In this system, the
coolers are measured under otherwise identical conditions (PC, CPU, tube system,

pump, radiator, measuring program, etc.).

Various characteristic figures that describe the performance of a cooling

device can be defined.
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Two connecting sleeves 15, 16 that receive rapid
pl ug-in connectors 17 are in the cover plate 9. The

WO apid3nBug-in connector 17 in the connecting BCEHER®OLG10800

i ntroduces cooling nmediuminto the cooler 3 and the
rapid plug-in connector 16 135renpves cooling medium
fromthe cooler 3. Tubes can ge connected to the rapid
pl ug-in connectors 17. The connecting sl eeve 15 opens
| Nt oln@pdht Faddodsi4#8: channel 22 that opens into the

di stribution chanber 20. Exanple: 20 The cooling

devi ce according to the present invention having the
Desi LS conpared to a c ially avail abl e
coolg?. 3¢éqhis pur pose theiimosgevices are nount ed
to aPowersurfacesaneaaf QRIY: det ¢Wwtisiamef]t he
charéﬁter'stkc.fi ures, characteristic data cal cul ated
for %E%bﬂﬁﬂfgpe‘yéten1are used. In this system the
25 C;Q.thrd%li@érgz neasur ed underr|gl hefh@n sfeRbisiab
conditions (PC, CPU, tube system_ punp, radiator,
neashtigsagrelesg imsystenc. ). valinbad characteristic
figures that describe the perfornmance of a cooling
devi ce can be defined. 30 WD 2004/ 032231

PCT/ Bre iz ig8tbactedstid pprametats fbatiteocsoliag etevidéldan be

ower Mtts] Power/surface area of CPU. [Watts/cnR]
’e%r‘?ﬁ%t‘%\ t

eristic line for punp delivery: Flow as
function of pressure Pressure |oss in system [nbar]
The foll owm ng characteristic paranmeters for the
cool YlgmMeeRf cooles dwitheut comnegtignsdent ed: [oml une of

cool;qbw(%%.{g%fwﬁ?mé’&%): [ cnB] FtLqmirﬂuant ity of

- cooling

Temperature difference AT between CPU

and cooling medium inlet:

AT = Tcpu - Teooling medium inlet K]

Temperature difference (for given CPU)/power: [K/Watts]

Cooling Compactness (cooling capacity/volume):[Watts/cm?]

Cooling capacity per volume and AT: [Watts/(cm? - K)]
Cooling capacity per volume and AT and flow: [Watts/(cm® - K - L/min)]

The various parameters describe important application-relevant properties

such as size, performance, efficiency and system requirements.

Important influencing factors are:

CPU power: approx. 70 Watts
Power/surface area of CPU: 60 Watts/cm?
Characteristic line for

pump delivery: Eheim pump
Pressure loss in system: 10 — 100 mbar
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Tenperature difference AT between CPU 15 and cooling
mediuminlet: AT = Tcpu - Tcooling nmediuminlet [K]

waempesrBure difference (for given CPU)/power: PCT/EP2003/010800

[K/'Watts] Cooling Conpactness (cooling
capaci ty/vol unme) : [ Watt s/ cnB] 4 Cool i ng capacity per
volunme and AT: [Watts/(cnB K % 20 Cool i ng capacity per
vol une and AT and flow [Watts/(cnB K L/min)] The
various paraneters describe inportant
gpl i cation-relevant properties such as size,
PAYPeREIRIY AV@f'?b'@Fé}%@f and systemrequirenents. 25

I nportant influencing factors are: CPU power: approx.
70 Watts Power/surface area of CPU 60 Watts/cn®
Char Yeluerd eftgoolari(wihéutrcaBbeplions)del i very: Ehei m punp

Pres tem 10 - 100 ar WO 2004/ 032231
PCT/ @Jﬁégd@qgié%@)@ A) Comer c?gt%l‘i}nAval | abl e
Cool Elow qedntiteofidoofing heddidi t hout 2ganRget i ons) 1 5

WKLXH( 5x5x3. 5) 87.5cnB_ Fl ow quantity of cooling
medi U Péraiurgﬁ'ﬁﬁreﬁ%égrt&t‘d?@ d| ffer ence AT between

CPU epg) m&wﬂgm@@aﬂm.hr& et = Tc - Tcooling

medi um i nl et 0 Tenper at ure d| fference (for given
CPU) A p&wWeary - d-.cdbﬁﬁméﬁlumtatts Cool i n§3 Bonpact ness

ot e AIEk . o o L o2 10
(for given CPU)/power: 0.186 K/Watts
Cooling Compactness
(cooling capacity/volume): 0.8 Watts/cm?®
Cooling capacity per volume and AT:  0.062 Watts/(cm® - K)
Cooling capacity per volume and AT
and flow: 0.023 Watts/(cm® - K - L/min)

Internal surface area/volume: - approx. 1.13 cm%cm?

B) Inventive cooler in accordance with Design A:

The cooler is built from a base plate (thickness: 1 mm), eight structured foils

and a cover plate (thickness: 1 mm) with soldered connecting supports.

Geometry of the structured foils:

Channel length: 16 mm
Channel width: 500 ym
Bar width: 200 ym
Channel depth: 230 ym
Residual floor thickness: 70 um

Number of channels: 31 channels/foil (structured width: 21.5 mm)
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w@p@rox231. 13 cnR/ cnB B)

15 Cooling capacity per volune and AT and flow 0.023
Watts/(cnB K Unin) Internal surface areal/vol une:

I nventive cool er in aPCDEPRNYE10800
with Design A: 20 The cooler is built froma base

plate (thickness: 1 mm), eight structured foils and a
cover plate (thickness: 1 W th sol dered connecting
supports. Geonetry of the structured foils: 25
Chamygemhbkespfohs: 16 nm Channel wi g@th: 500 pm Bar

wi dth: 200 pm Channel depth: 230 pm 30 Residual fl oor

t hi ckness: 70 pm Nunber of channels: 31 channel s/foil

(str ' " 004/ 032231

o AR sl i kol RboEIP O 292250 | e o
cool er (wi thout connections): 5 WLxH(4.9x4.9x0.5cm
12c Fl ant it f _aooling iug 1.25 Umn
Terrpr‘&r)%llr ﬁfﬂg(gpfxf%pé%%g Cﬂ?l'?bet yveeg?%gﬁ' and cool i ng
nedi Flowi dilagtity dilcoelidg medigaol i ng Aed ymihnl et 11 K 10
Temperature difference_(for given CPU)/power: 0.157

K/ Watarspereyeidifferenss At thedwsen cool i ng
ca bit : ; .s/cnB Cooling capacity per
vofﬂénguﬁlﬁ%@ﬁ%n%%l%:@%}( cnB  K)

AT = Tcpu - Teooling medium infet 11K
Temperature difference

(for given CPU)/power: 0.157 K/Watts
Cooling Compactness

(cooling capacity/volume): 5.8 Watts/cm?

Cooling capacity per volume and AT:  0.53 Watts/(cm® - K)
Cooling capacity per volume and AT
and flow: 0.42 Watts/(cm® - K - L/min)
Internal surface area/volume: 4.8 cm?/cm?®

The results of the comparison tests are given in Table 1.

Table 1:
Commercially Available { Inventive cooling device Difference
Cooler (Design A)
Temperature difference 0.186 0.157 Efficiency improved by
(for given CPU)/power 20%
(K/w]
Cooling Compactness 0.8 5.8 7.5 times smaller
W/cm?]
Cooling capacity per 0.023 0.42 Improvement by a factor
volume and AT and flow of 20




15 Cooling capacity per volunme and AT and flow O0.42
Watts/(cnB K Unin) Internal surface area/volune: 4.8
waepiiosRR3The results of the conparison tests aP€T/gP2e5010800
in Table 1. 20 Table 1: Commercially Avail able
I nventive cooling device Di f%gr ence Cooler (Design A
Tenperature difference 0.186 0.157 Efficiency inproved
by (for given CPU)/power 20% [ K/ W Cooling
Conparﬁbres%sa&e&té f%uies‘icnéarweéer%ﬁéﬂr&é théf Vt\p@ Rlent08bithg
capacity per 0. | npr ovenent act or
device r@é‘eamlgmﬁcaﬁblacfwaateg@s ingll m@oom 032231
PCT/ EP2003/ 010800 36 The characteristic figures
clearly denonstrate that the inventive cooling device
of f eRedsiction ini teamerastdneaqnffalgmseihy apdroaratds effLetd inimeniiate
inte erature di fference appr.ox, 20% effects
5 eSS 18 oAy SYBhARs IS Bot SHyMGy e 2ig costs
thus effects savings in operating costs. Cooling
capacity relative to volune, 0 T and flow is greater
by aCoslingcapacityretative tg woluiiee Avbgnd flandegreataey adartor of 20
rgaenSI ] Ié Bé%fm%@{ Ieﬁgg%@ﬁérﬂkhgtrabgmﬁ ts@@% nggl Iy ?'g.hﬁ'é %acklng
densities hmbem:ﬂ CRgs/tOludevinig <anlbe sttankd with Sleedeecoudingd

10 dbfigpad shod ol B epasRREE st b GPacstistulied dad costs for
tdtﬂh@ ah&%@ﬁpﬁ@s‘?%ﬁ*é %bﬁ&ﬂiﬂlly?édudédhéﬁ'd Fh'i’spl'eﬁas 'td‘@éﬁé}%é?fdlmg

hi'ck tubing). shoul d be particularly noted that
(thtﬁbtslb'@laﬁ@@ﬁé)ﬁt@ﬁk Blbﬂﬁgjur es apply for a 15 conponent
the size of which is currently adapted to the area of
the chip carrier and
It should be particularly noted that these characteristic figures apply for a

15 component the size of which is currently adapted to the area of the chip carrier and
not the CPU itself for technical assembly reasons and, when directly integrated,
could increase even further and thus effect even greater differences from existing

technologies.

20 In another comparison test (commercially available cooler vs cooling device
according to the present invention having Design B) the performance data for

these devices are summarized in Table 2.
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not the CPU itself for technical assenbly reasons and,
when directly integrated, could increase even further

w@na4s231 ef f ect even greater differences fronmPEREB10031¢L0800

technol ogi es. 20 In another conparison test
(comrerci al l.y avail abl e cool vs cool i ng device
according to the present invention having Design B)
the performance data for these devices are sunmari zed
in Tahhe 2. WO 2004/ 032231 PCT/ EP2003/ 010800 37

Table 2: Commercially Avail abl e Cool er Inventive
cooling device (Design B exanple) Wight 312 g 80

AW fo¥al A O AR AT 12 LW O—-AK -l 4+ 2_.Q
VO tffe—oU€¢1o CHo— AT Iz oK 95K —ow—gtahittty—=—°

Urin. 1.5

conpari son

i n CoupetciahyAveiahia Faoeat er

fests

wer e conduct ed under

gl ycdhvenvg aingdevice
i dent (Regjgn B example)

ccwgb,l&i ons
|t

1l oad

for coolings;,5 an AMD 2000+ CPU under 4§

AV oY=
7

paqily assessed from

[ ]
these resul Psbj

t vatumkehe ¢

pol i ng

capagoky’ of the coq

bl i ng devi cescm?®

1
actltururtiy

ef f&ttive f{

I P oaont H + PN Y- 3
U tTicprcocrmn FTTIVCTIU T UIT 1T

han t

hat dR-5t*he conventi ¢

mieahbh—-nnr o
ITuCcTl 1TTUT T

bnal cool er.948 |t

P “Jé%@r st
des e héd

bod th
nerein

ebodl ment s

at t xanpl es and ¢
andrb%d'?néw ngs shown

Coddihd e diah i

herein _are ¥4pn

e purpose only and We@t@ycgrégwg%w

madirfiecent i Ahne _AnA -~ Nl i aht +thaoaraon
roct-H-ecat A eof—as—well—as

I]ﬁ[!ﬂﬂ(‘
LILE>] AT \Jllullybd T LI | 3IIL L LA A

conbi nati ons of features described in this

app! Tiatbparbon tedts aeeesidR@tdPuitsrseasticak cond@ionsor cooling
the art and are to be included within the spirit and

ap AR 2008F G upgstfulldead.i nvention and within the

scope of the appended clains. Al publications,
patents and patent applications cited herein are
her elbynayneoepsilyasseéshgd frefmethese eesults that the cooling capacity of the

cooling device according to the present invention is much more effective than that

of the conventional cooler.

It is understood that the examples and embodiments described herein and
drawings shown herein are for illustrative purpose only and that various
modifications and changes in light thereof as well as combinations of features
described in this application will be suggested to persons skilled in the art and are
to be included within the spirit and purview of the described invention and within
the scope of the appended claims. All publications, patents and patent applications

cited herein are hereby incorporated by reference.
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Nurmeral List: 1 Metal foil 2 Channel 5 3

wohkanm3zBructure cooler 4 CPU processor 5 BasPCPER2083/610800

Thermal contact surface 7 Thermal conductive adhesive
10 8 CPU carrier plate 9 Coveg plate 10 Inlet
distribution space 11 Qutlet distribution space 12
Edge of netal foil 1 15 15 Inlet sleeve 16 Qutlet

sl eeRefdrénBapughdgrhudsi: N connector 18 El ectri cal
insulating layer 20 Distribution chanber 20 21

Col | ecti on chanber 22 Distribution chanber b Channel
Wi dt ? ijdepth s Channel interval (bar wdth)
25 r Re5| du 0|I thi ckness f Wdth of structured
area2on thbaneelal foil 1 g Base plate thickness

3 Micro-structure cooler .
CPU processor

Base plate

4
5
6 Thermal contact surface
7 Thermal conductive adhesive
8 CPU carrier plate

9 Cover plate

10 Inlet distribution space

11 Outlet distribution space

12 Edge of metal foil 1

15 Inlet sleeve

16 Outlet sleeve

17 Rapid plug-in connector

18 Electrical insulating layer

20 Distribution chamber

21 Collection chamber

22 Distribution chamber

b Channel width

t Channel depth

s Channel interval (bar width)

Residual foil thickness

L T |

Width of structured area on the metal foil 1

g Base plate thickness



1

(@]

1

(&)}

20

25

30

WD 2004/ 032231 PCT/ EP2003/ 010800 39 Patent cl ai ns:
1. Amcro-structure cooling device (3) for an object

w@ 20040822be cool ed, said cooling device (3) coP@EI/EBRI0N$010800

a stack of at least two netal foils (1) and one base

plate 5 (5) that can be broyght via a thermal contact
surface (6) into thermal contact with said object (4),
said nmetal foils (1) and said base plate (5) being

Patdmemihg: one another, the cooling device (3) further

conpri sing channel s (2) for cooling nediumin said

metal foils (1), said channels (2) haV|ngavv|dthb|n

4t f t , ,
1 0 A0l O 00,18 8, 820 BB IS8 Kdied i cooing
sidevided3) aogerisingfa stackof a0ledstt00 rpatal foilsgd) dodbné biake plate

I S be S g o B E D5RRR! (2 shatTsantact
Pritesild Dhictt paS Saial rAER {o'ﬁ); h)aé(dmgala da%bcafét@szs Beih§ joined to

the ran%e of from 200 to 000
here the @@@@ldqvg:ed(é\) fltr@emcompaismglchametﬁ (2) for cooling

tPﬁerv 'WS%éqd;g%al?@gjgu’aw %rﬂﬁg&%}n@s\fé sal ghe range

batsférom ao? td Bj()fﬂ@nﬂeﬁa depthi lng tlm@tan"gezefcfr@ndfo tbhia(DO(T pe and a
ressur 0SS r the min sail Q n
P TS atinteryS'S i i e ! o A toTRO0Hen  Eidieal fithieness r

ccre&um@g ﬁ@m é‘kﬂd @haﬁhabr@)hn s%ﬁi ﬁ\efé]%‘lr@d \Heﬂ{ghnt?he P of from
channel p , said hannel i nterval S, sa

r &) tm?eQO 6T an‘ﬂ ﬁa@kba@@splatea(ﬁbh@\ang a thigkaesps gtlr@the range of from
eing optim zed such that the difference
Omg?g%%”m'enperature of said thermal contact
urface (6) and the tenperature of the cooling nedium

2D oS HER OISO SR OHapIT b SA1d SN Brlav O R riaic
Prepaadendepth & $8id chahrkl imBaans) sé’Mi dedidiral feiptickRasRahd said
depth t, sai d channel interval s, said residual foil

t maék‘rpé%t@ thickmesssaipgingaeptingred suththak thespragsuis Ings for the
: i N J . | f
RN N

cool1n
conpactness”, of 30 at least 2 Watts/cnB i s achi eved.

3. The micro-structure cooling device of claim 1, said channel width b, said

channel depth t, said channel interval s, said residual foil thickness r and said
base plate thickness g being optimized such that the difference between the
temperature of said thermal contact surface (6) and the temperature of the

cooling medium flowing in said cooling device (3) is minimized.

The micro-structure cooling device of any one of the preceding claims, said

channel width b, said channel depth t, said channel interval s, said residual foil
thickness r and said base plate thickness g being adjusted such that a cooling
capacity to volume of cooling device (3) ratio, i.e., a “cooling compactness”, of

at least 2 Watts/cm® is achieved.
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WO 2004/ 032231 PCT/ EP2003/ 010800 40 5. The
m cro-structure cooling device of any one of the

w@e@ameizay cl ai ns, said channel width b, sai dPChvapzes/010800

depth t, said channel interval s, said residual foi

thi ckness r and said base plgbe t hi ckness g bei ng

adj usted such that a "cooling” capacity per volunme and
AT" of at least 0.1 W(cnB K) is achieved. 5 6. The

5M T , . .
S e S ey p o el s
desheRnel wisth b, saidshannelsieptivtisais chaming! inderivelusil saidrdsidual foil

tZ}JhﬁKHS SSran Qgﬁsrfésg d?gtéechl !u?és% %péﬁg[hoiﬁstgd REEA that a “cooling

uste suc a speC|
| ccpanity pet valacecanl Aﬁg)ﬂmnwu 0Oy \0f/(cat® -[1o)as tachi@ved 1
W(cnmB - K L/mn) is achieved. 7. The mcro-structure
cooling device of any one of the preceding clains,

6Sarté midiganatture bhlindy dsAdofcdiiIR oﬂﬁ@td?eéedlﬁg‘?‘b%ms said

channel interval s, said residual foil 'thickness r
ardhasaclwvigiisb, gaidichanmel deptist sgidehangehiiteryales saidresidual foil
t i .

qﬁfcé@eé%era%n&éaﬁrbaa@g ?%e?lﬁ\g@génstgé ?%una%% lyg?é% ?(J&'gg]at% specific,
beirassume $assehdrhvealized coolivigacdpasity bhaeleast) and t he

cool | nedj,um _fl ow in said cooling device (3) of
1(9(??(\/\2@”8 f‘(O\}v/'HUQI‘ﬁ ?%e‘ﬁq‘ the cooling nedium
t hrough said cooling device (3) in the range of from

0.01 to 3 L/mn and at a pressure |oss of at nost 100
7 nbidye mipgo-strugihee apeling-daviagcefany ansoofithg paecsdirg ofainasysaid

on&afh It\&ﬁ df%e%aqg gﬂgréri?%%nggv Eann 81 infdry S %abdeﬁeﬁbdual foil

channe I'nt erval
i thickeessamared sdid Haseplate Shickriessq Beibg adJustéch@ch tHa¢ a heat

mcro structure ol j ng, devi ce, of any one of t i
oriEASET AEPEFLY P20 WattS(o s éenigiad AL B mexmue dffsrence in
f Qélhpbfﬁtﬁﬂ@meén Isald tﬂeﬁﬁél%nté@:t%hﬁaé@(&%r@f thec@Blirg medium
to 5; 1. 10. The m cro-structure cooling device of

arfgwmﬂalrb?falfﬂ ﬁ@olmge@@mm@ of a9 isat 3 Hew quaotiyHanthel cooling
WL Nuf BRI ddid EBQINPRERB) T A8 raRde 0P 3P0 8T to 3 Limin

and at a pressure loss of at most 100 mbar.

8. The micro-structure cooling device of any one of the preceding claims, the ratio .
of said channel width b to said mean channel interval s being in the range of
from1.5:1t025:1.

9. The micro-structure cooling device of any one of the preceding claims, the
channel width b to residual foil thickness r ratio being in the range of from 2 : 1
to5: 1.

10. The micro-structure cooling device of any one of the preceding claims, said
channel width b being in the range of from 200 to 500 pm.
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WD 2004/ 032231 PCT/ EP2003/ 010800 41 11. The

m cro-structure cooling device of any one of the
w@e@amsi2ag cl ai ns, said channel depth It bei nBCT/BP100®010800

range of from50 to 400 pm 12. The micro-structure

cool i ng device of any one of ﬁhe precedi ng cl ai s,

said 5 nean channel interval 's being in the range of

from150 to 300 pm 13. The micro-structure cooling

SRS 0N Eng IR SR e B e S84y s, o
gehagnalztepint bengia therrangs offeorg GOt @Oeuro0l | ng

devi ce of any one of the preceding clainms, said

thi ckness g of said base plate being in the range of

12./Tova roREo-strudtubd Bogling dévicelbieany eri@oftheysrtesding eRiirs gsaid
devi ce of an%}ﬁone og) the pr ecedieg% clains, the area
ofMEAThERANNEL MM gES S6INGR AN Fangecef fram slaldo SRArHB s

(2) being larger than said 15 thermal contact surface
6). 16. The micro-structure cooling device of any one
13T hermaicpe-streefurg cedlimandgvicsapianycermelkthe pregeding skirds, said

s o8 et BT e 5t BRYESRAE o fp Bl ce oo

any one of the preceding clains, further conprising
fé_least ope inlet distributjon space (10) and at . )
14-dRSMIGHRESEUEHER COingr95ving PTANYifcef hepregesting glgims, said
CORbkmsssepef i1 bh8e pldts by BthE Faitde bEr&GAS 00N ﬂ'ﬁ(m G,
of claim™7, all channels ) connecting on 25 the
inlet side to said inlet distribution space (10) and

: . ri . C
1211 i) 5o, ARGk o B P PALIRT 9 e area
omé adfeat ErchemgbsuwiacéRredtedtimeaid chanpeiss2hbeiny lhg@s than said
one first copnecting support and | east one second 30
c ! Fﬂ@tagﬂﬂﬁ'g?qe &Q'ai d at |least one first connecting
support being connected to said at |east one inlet
distribution space (10) and said at |east one second
16:dheonlre strecureregl Pg Ry 3re0afcByYONef themneeadimgclaims, said
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17.The micro-structure cooling device of any one of the preceding claims, further
comprising at least one inlet distribution space (10) and at least one outlet

distribution space (11) for the cooling medium.

18. The micro-structure cooling device of claim 17, all channels (2) connecting on
the inlet side to said inlet distribution space (10) and on the outlet side to said

outlet distribution space (11).

19. The micro-structure cooling device of any one of claims 17 or 18, further
comprising at least one first connecting support and least one second
connecting support, said at least one first connecting support being connected

to said at least one inlet distribution space (10) and said at least one second
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20. The mcro-structure cooling device of any one of
clains 1 to 16, wherein said 5 netal foils (1) are

WO ndoans22pt ed at approxi mately the hei ght of saPdI/EP2003/010800

thermal contact surface (6) by at |east one

di stribution chanber (20), wq.rein all channels (2)
connect at their one end to said at | east one

di stribution chanber (20) and wherein the cooling
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chanb all wi thin“said cooling device

al $pagedihkl s (2) are 10 connected at their other end.

21. The mcro-structure cooling device of claim 20,
wherein two groups of channels (2) are provided that
20uThesseoistraicture paokiid eévm*:@obmy am\@bheleimd tot16r whereit said

gg%sbé{%géﬁgg Ig tl on%cfgfﬁngo?'{))il 3 ytﬁ@lg%%ggfegaigsthg'mal
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of said eing in the range of from?5
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o SheF o oA A (4R o OTR g o bonecton

s eclemberq@hnwithinrsgicscppivgtdevicei (@) & whighsdll ahaainkls (2) are
connect t bel ng connect ed to said at | east

on® e §{e|d|%3'i‘$'gﬂ er (20) and said at |east one

second connecting support bei ng connected to said at

| east one collection chanber (21). 25 24. A Use of

2t1 hﬁhwr@sérwwe gpelinghdevieryotideint 0.ovhernejn tyyregrstups of channels
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ructure C€oo evice an
t hene=cdllestidos tharmbat (20) ésemBodikdragi angaie betwdrrdsaitl tWio groups.
reference to and as shown in the acconpanyi ng
dr awi ngs.

22.The micro-structure cooling device of claim 21, the width of said gap (20) being

in the range of from 50 to 2,000 ym.

23. The micro-structure cooling device of any one of claims 20 to 22, further
comprising at least one first connecting support and at least one second
connecting support, said at least one first connecting support being connected
to said at least one distribution chamber (20) and said at least one second
connecting support being connected to said at least one collection chamber
(21).

24. A Use of the micro-structure cooling device of any one of claims 1 to 23 for

cooling electronic components.

25. The micro-structure cooling device and/or the use thereof substantially as
herein described with reference to and as shown in the accompanying

drawings.



