27-Mar-2007 1 Mcro-Structure Cooling Device And Use Thereof Specification
5 The invention relates to a cooling device that is characterizethdxHR09-
structures (mcro-structure cooling device) and that is used for coollng

obj ects by heat-conducting contact. The invention relates in particular to
use of the mcro- structure cooling device for cooling electronic
conponents, in particular electronic prpcessors such as central processing
units (CPUs) and conponents of power 10 electronics. Wth regard to

manuf act uri ng, process, the mcro-structured cooling device in accordance
with the i nMREQ-SHurture Gqaling:Device Angddsa Barreefon in terns of design,
structure and assenbling nethod and thus the mcro-structure cooling device
can be manufactured econom cally in large nunbers. 15 The conti nuous

i ncrease i nSpeeifieatipaci ty of el ectronic conponents, for instance the

I ncrease in clock frequencies in mcroprocessors, also entails increased
heat in these conponents. Conponent mniaturization further exacerbates
this sitbation. Themvahtipreidtest a ooliag deyicalthd tsigharastadzedasy miceo- under t aken
to reduce th mount .of heat the processors, give off. In addition, the 20
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subst anti al Idy nore heat than a heating el enmen _ I'tchen range
produces (- designsstrustureand asaembling meiood @nd hustthe snigngsstructyre soolingat , t he

oSt i MPOT t dfalicE Ah bB AR RE Ao EN R b8 GuRREES. fans. combi ned

15 The continuous increase in the capacity of electronic components, for
instance the increase in clock frequencies in microprocessors, also entails
increased heat in these components. Component miniaturization further
exacerbates this situation. Thermal problems increase, although measures are
undertaken to reduce the amount of heat the processors give off. In addition, the

20 increasing packing density of the individual components inside the overall system,
such as a server, leads to a situation 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-

25 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

30 akitchen range produces (~ 10 Watts/cm?). In order to remove this quantity of
heat, the most important cooling systems used are cooling bodies, fans, combined



27-Mar-2007 2 with cooling bodies, heat pipes, Peltier units and liquid
cooling. It is to be expected that the anpbunts of heat to be renpy ﬁi}ﬂ%Obb
i ncrease even nore in the future. Currently the nost frequently ‘use
cooling technique for electronic 5 conponents is cooling with anbient air.
This has proved sinple and cost-effective for many applications. This
principle is extrenely uneconom cal for2hi gher heat renoval capacities
since then air conditioning systens wi th correspondingly high output are
requi red, whjch drives u Eﬁtal expendi tures and operating

|
costs, but \glftfggoqqlgg@%glﬁéeng@ti;gpqsn nitsr andiquid caahing dhisite BR SERgcied

pol i ci es. Jtﬂat\/\!hbfhnﬁdlﬁlwéﬂhé&'f@bé‘?érﬁé\/éafwmr%é‘a%‘écﬁv%n mbreGiRIfafkee a great
deal of heat, air cooling is also pushing its limts in terns of capacity.

Heat renoval can still generally be assured by increasing fan power, but
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operated fans can have reciprocal electromagnetic effects that lead to
functiofral problens with the CPU. 25 In order to inprove the cooling

efficiency of thgit@iHe né géﬁé@mrpomme&t wmdqgﬁéd&%@ @Bt dedtoBheatmount  of
heat nust generally be provided with coolin e cool i ng bodies

general |y cahgnalisg 1salsnpuphiag ieliats dvleems of &aﬁ?ét%lH?ﬂté@@OV%a@Sw copper or
al um num  t et R bd SRufdd ¥ inefakg TR Bower, bLlRisARkReS¥n thddisklin

running noise. Today 55 dB is no longer acceptable in commercial and household
15  applications.

The high packing density for processors and other heat-generating
components in the smallest possible space, such as for instance in servers, makes
air exchange in the housings more difficult, exacerbates the problem of heat

20 concentration and thus leads to an increased risk of electronic components
overheating and failing. However, reliability 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.

25

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-

30 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



30 nenber structure for surface area enlargenent and therefore for better
heat distribution, A fan can be nounted on the cooling body. The Janvaibho
such cooling 27-Mar-2007 3 systens is only somewhat adaptable in ternms o
geonetry due to the space required and the weight and is furthernore
associated wth [oud running noise, typically between 40 and 60 dB (c't,
18, p. 122, 2002). The sane publication 3mentions a relatively small AT

bet ween 30 and 40 K, neasured between the 5 nmaxi mum CPU tenperature and the
maxi muminterior PC tenperature in the tested air coolers. For these

reasons it i $YS'eB§ireRly yomewbatadaptatle BJRIMDA %‘f’é’m‘%ﬁé‘i’#%@l the SBRGe cool ers,
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There the heat is renoved by an additional heat sink. The condensate forns
and is then returned to the evaporation area via a nesa-porous edge | ayer.
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low. Peltier cooling units are used as heat punps for instance’in
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require hgat raliRis tHeR mERY hRGh L 588a % dMbatic intermediate space in the

condensation portion of the heat pipe. There the heat is removed by an additional
heat sink. The condensate forms and is then returned to the evaporation area via a
meso-porous edge layer. Adjusting this two-phase mechanism is only possible in a
very limited temperature range by using specific cooling media and therefore

20 severely restricts the options for employing heat pipes. In addition, the cooling
capacity of these systems in comparison to water cooling, for instance, is low.

Peltier cooling units are used as heat pumps for instance in electronics, in
air conditioning technology and in medical and laboratory engineering. They are
25 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
30 these units is high relative to cooling capacity, so that their use in mass

applications is uneconomical.



el ectrical power unit for the power supply. Energy consunption is increased
by the ampunt of additional energy required. For this reason the

requi renent of 30 these units is high relative to cooling capaC|ty, SO %%
their use In mass applications is uneconom cal. 27-Mar-2007 4 Water
cooling systens made of netal or ceramc materials have the highest cooling
capacity in direct conparison to the coo4ing systens cited above. This is
primarily due to the high heat capacity of the water and its | ow viscosity.
Thus 5 recently water cool ers nade of copper, alum num and ceram cs for
cooling mcroprocessors have been on the market. Al of these products
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Cross- sect i quanttyaf Bermin)#anlAMDL20088 i$ Codidtk; ferasgtandd, tHBs@Mété@@hg aexc hangers
and mcro-reactors,. as weII 25 "I nnovative Chip- Level Cool i n%+ :

Schul z- Har d(-,ﬂPW qqgnb@cm Erjggbgnlnm,pgqf,sure loss of 25 to 250 mbar maximu
weight of approx. 200 — 400 g and a component volume between 30 and 100 cm®.

The coolers are designed for the use of aquarium pumps with typical pump
15 capacity of 1 — 3 L/min at a pressure loss of 130 —140 mbar.

In 2002 Innovatek OS GmbH, Stammham, Germany sells water coolers, the
innovaCOOL rev 3.0 model at that time being assessed to have the best
performance of any coolers available on the market (e.g. Chip, October 2002, p.

20 48).

For coolers for power semiconductors there have been initial attempts to
use channel cross-sections smaller than 1 mm?, as is the case for micro-heat
exchangers and micro-reactors, as well.

25

“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

30 eutectic melt. For manufacturing the cooler, the cooling channels in the copper
layers are produced by etching similar to printed circuit board manufacturing



2002, pages 27 - 42, describes a water cooling systemfor power

sem conductor circuits. The cooler is produced from copper Iayer§7§ggqum7
joined to the sem conductor carrier with ceram c |layers using a soldering
process by neans of 30 eutectic nelt. For manufacturing the cooler, the
cool i ng channels in the copper '|ayers are produced by etching srntlar to
printed circuit board manufacturing 27-Mur-2007 5 techniques. A cooling
body through which a liquid flows is forned that has in its interior
structure 8 to 10 coRper | ayers with a hexggonal base structure (thrckness

of each | aydPChriquessAaoplingbogy throuah Wiih : Hdud dewsds formed that BagiRity ¢ j s
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It is 15 nearby the cooling surface and those regions in the cooler which are farther away
there from rises from the inlet area to the outlet area. For this purpose all the
individual cooling layers are designed to be different from each other.

It is clear from this description that these coolers are expensive high-
20 performance components as they are difficult to manufacture.

Furthermore, WO 98/41076 A2 describes 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

25 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

30 plate with numerous micro-channels and one distribution channel and that
furthermore has an intermediate plate with connecting channels and a collection



assunmed that the |largest pressure loss that the cooling fluid produces when
passi ng through the mcro-structured heat sink occurs in the areazijéfﬁh07
distribution structures and connecting channels. In order to solve this
problem a cooler is suggested that has a plurality of individual |ayers
and that conprises at |east one 30 plate with nunmerous mcro-channel s and
one distribution channel and that furthgrnore has an internedi ate plate

wi th connecting channels and a collection 27-Mar-2007 6 plate with
col l ection channels. C osed cooling channels result when these plates have
been provi depliate it dodlectidn chamnelsvEiospdl aoe@lingrnihanndla sesuftivaten. thadesplates! i ng
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in a cooler 1t ?{atf{ﬁasc tom renove heat f Om a sur f aégu 20 area. In a reactor,
heat that octr 8F % CROMNY GRRACTYLAYRH for A1 averaaq HEU: he reactor, rmust be
renmoved or exchanged as rapidly as possible in order to come as close as
15 In contrast to micro-reactors and micro-heat exchangers that are already
employed in research and development projects and even in initial industrial
processes, the problem of the layout of electronic coolers is still completely
unresolved since “heat management” in. a micro-reactor or micro-heat exchanger is
fundamentally different from that in a cooler that has to remove heat from a surface
20 area.

In a reactor, heat that occurs in a flowing medium, 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

25 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

30 toanother one the two systems lying close to each other.



possible to the ideal of an isothermal process. For this reason, attenpts
are being 25 nade within process engineering limts of a reaction yqﬂkeiﬁh7
t he cross-sections of the channels and the wall thickness betmee% tha'
channel s as small as possible. Naturally a reactor nust also be optim zed
in terms of layout, e.g., with respect to flowresistance, flowrate, etc.
But the fundanental heat managenent prinZiple is relatively sinple, since
heat is transferred fromone systemducts for cooling liquid 30 to another
one the two systenms |ying close to each other. 27-Mar-2007 7 For instance,
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difficulty is that ghe acééigl heat source is. | ﬂcat ed outside of the cooler,
i .e., nuch nB?& MUStBRIEHAVEH,EPM 4 ,3rQngy lofaligxterios NEALEOWERi st'ances within the
t hr ee- di nensi onal structure of the cooling body through which the fluid
flows. 15 The solution to the problemis now further conplicated b
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For cool g e B P 0 B o o B T B e D csent
i nvent or s hasalugldeatisauiee isi Ineated suisigetdi¢he-easiiernge.c apigbingre igjtention must
be given to the heat resistances within the three-dimensional structure of the
cooling body through which the fluid flows.
15
The solution to the problem is now further complicated by additional specific
requirements in electronics (for instance, when cooling CPU components) in that
the heat must be removed with a minimum requirement for cooling water and a
minimum pressure loss in the cooler.
20
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.

25 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.

30



using increasingly fine structures, he., smaller channel cross-sections, is
only possible in alimted fashion since then the flow resistancg; g0
hi gh. 25 This effect beconmes a problemwhen a |arge quantity of heat 1s to
be renoved via a small surface area without the flow resistance increasing
too nuch. In this case, then, the cooling capacity cannot sinply be

i ncreased by increasing the flow speed ®f the cooling nedium by applying a
hi gher pressure difference across the cooling device, as is the customin
the prior art. 30 27-Mar-2007 8 For application in PCs, servers and
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area of the tbis@asadue thethecmst.and t he nmounti ng area on the conponent shoul d
be at | east about the 10 sane size. Finally, for the purposes of nass
production, it must be ensured that the manufacturing costs for the fluid
cool i ng devi ces AndtHeheeduirehiengistiatitRecoslmgieiices hagé arshapeé biagtegter t han
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for mcro-structure conponents and reducing the high flow resistances in

t hese cdfporf@Mmessizeapart fromthis, rules for 20 the design or |ayout of
m cro-structure cooling devices have not been known hitherto.

Finally, for the purposes of mass production, it must be ensured that the
manufacturing costs for the fluid cooling devices and the cooling system are not
substantially higher than for air cooling.

15

In summary, it can be concluded that the prior art does not satisfy these
requirements or only partially satisfies them. This relates in particular to the
requirement for cost-effective mass production for micro-structure components and
reducing the high flow resistances in these components. Apart from this, rules for

20 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:
25
1. has a very high cooling capacity;
2. has a low hydrodynamic flow resistance to the fluid cooling medium;
3. has a shape that is adapted to the electronic component to be
cooled;
30 4. is easy to produce cost-effectively;



The object of the present invention is therefore to provide a cooling device
that; 25 1. has a very high cooling capacity; 2. has a |ow hydrodyr wlczédpw
resistance to the fluid cooling nedium 3. has a shape that is adapte

the el ectronic conponent to be cooled; 30 4. is easy to produce
cost-effectively; 27-Mar-2007 9 5. furthernore the |ayout of the cooling
devi ce should be largely scalable, i.e.9 it should be adaptable to the
requirenents at hand in a sinple fashion; thus pomer consunpti on shoul d

i ncrease from70 Watts/cn2 to 500 vatts/cnﬂ 5 6. furthernore the cooling
devi ce shoul d be op?i ﬁbﬁtheyma@atb@moetQfdh?ﬁeohrw\f&vmewfw@t%hrgw erns of

layout, size, Vol ure, saasqEbld, it 8i6iuid B 8eEREER% Bk BLAEHEN@Enafdlicy ed by

the m cro-structure COO|II’1? devVice In accordance with claimi1 and by the
use of the nicro-struéifpleasbian tyseewiet eonsymptionsbouldanreasd fromcl ai m 24.
Preferred enbodi ment s ;g4 L8 hM¥HHd \ggﬁg&gzprow ded in the subordinate
clainms. The m cro- structure cool'ing device in accordance with the present
inventio® for an obj éwtherrootecthe cobling, deviceshotidhe @p’unﬁallry waptabhactbrtben C

andone base pl ate.  ngreenr e h s Hbut $enife: S ¥E ce i nto

thermal contact wth the object. The netal foils and the base plate are

Lol deri ng. _Pr cooria FreBHSS ARSHE 15 920 ENPH DY e TS SFHICG eding Bue e

cool i ng nedi mt&aate MetRYEm 1 S6d B?tlhte usé&w@ﬂnlida@strbauaé cdofing deliveinet al 20
foils and the base pl at e to&et her pr ef er abl y be achieved by materi al

fit. Eacl neecardange withglaim ”dé’é‘?fgﬁé efngodigiantsofdha invention argprovided in
the subordinate claims.

The micro-structure cooling device in accordance with the present invention

for an object to be cooled, in particular for an electronic component, includes a

16  stack of at least two metal foils (metal sheets) and one base plate that can be
brought via a thermal contact surface into thermal contact with the object. The
metal foils and the base 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

20 foils and the base piate 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 pm. In experiments it could
25 Dbe proven that, when all other parameters were maintained, performance of the
cooling device decreases sharply starting at a channel width of 800 pm and

greater and is no longer advantageous for high performance applications.

The channel depth is in the range of from 25 to 1,000 ym, preferably in the
30 range of from 50 to 400 um.



The channels in the netal foils have a wwdth in the range of from 100 to
2,000 pm preferably in the range of from 200 to 500 pm |n experhfRpdS2007
could 25 be proven that, when all other paraneters were mnaintained,
performance of the cooling device decreases sharply starting at a channel

wi dth of 800 pmand greater and is no | onger advantageous for high
performance applications. The channel dgpth is in the range of from25 to
1,000 pm preferably in the 30 range of from50 to 400 pm 27-Mar-2007 10

At | east one of the two geonetric variables, channel width or channel depth,

shoul d pref er abl §t lsast ene efdheriwe aermetric variples, Thanne) widtluor ehanngheenth,: 4
AU A= cg I Cg0 e wth:
"Techni sche ﬁéSl'?krj nungsw tﬁ?wggﬁ]rﬁ?%ar?ﬁ% ﬁhg%ﬁéﬁaﬁ%&gs (et EKaﬁg?ar%h seri es,
Vogel 5 Publcrasstsegtiona aEﬁﬁhIU = petimeted (defiped irsageordance pitha 2" Tehpiseher. and

Dewi tt, Davi Ieh o 4th ed., John
Wl ey & Sons‘?rowngf ?Q%Hﬁ’g@%’%“ﬁ? %B’r%gs I%%Eﬁ?t %Q%%?{/%elrange of from
200 to 560 PubliSHimg, rWaBomlnl‘Elhvedl pb@8 Wydeeropéra, Efaak e bsd De\ndtt,rﬂavaj Pfoil is in
t he range of m 50,10, 1. 000 ferably,in e nge m 150 to
500 pm 11 cFuarites BLLbAtdncited Bakiehn At LioB ik b RAE oV AdB
rectangul ar p, 849) dnauideprefuraliif bé @f tedandedfivesn 200 @ sttagnel s in the met al

foil, this interval is characterized as "bar width." Furthernore, the

residual foil thickness through the floor of the channels is 15 in the

range of 50 to 39Re pBanRhtehRl BEiweeh thd aeaﬁn@@gﬁaoﬁetslrfems&ﬁ thOrahgf opm The
base plate of the cooling device has a thickness in the range of from 200

to 2, Oodopmfroﬂ} a9 o 809 IJFh preferaply{a herange ehfremd S0do i?og(D‘U‘ e giPSfor each of
the for egoi @9ctﬂﬁ{§rfﬁé Bhanneid8 n 5%&#& ?ﬁy Féc%H afa? YsostRibd 2 b IStf ﬁ'r%e

requi rements when they are wt erre nges, especia

very high p@m«eermethgl awlarretheamialrfeﬂ thlsmtemelrlsrﬁh@actpnaechas)‘ib@smd\;hranges
apply for the paraneters in particular when copper is used as the base
material. Fig. 1 and Fig. 2 provide the definitions of the geonetric

par anet er s ( chanRetthetmdré,, the residual foil thickness through the floor of the channels is

15 in the range of 50 to 300 pm, preferably in the range of from 80 to 120 ym.

The base plate of the cooling device has a thickness in the range of from
200 to 2,000 um, preferably in the range of from 500 to 1,500 pm.

20 For each of the foregoing parameters, the parameters particularly satisfy
these requirements when they are within the preferred ranges, especially when
very high power densities 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,

25 channel depth, interval between channels (bar width), residual foil thickness and
thickness of the base plate):

It was



25 channel depth, interval between channels (bar width), residual foil

thi ckness and thickness of the base plate): It was 27-Mar-2007 44 piar-2009
perception to first provide fundanental rules and features, i.e., specific
geonetric data for the optimal |ayout and design of mcro- structured

cool ing bodies for uniplanar |ocal heat sources, and 2. the need to resolve
t he special additional problens that argq5 associated with cooling

m croprocessors (CPUs) and other hot conponents of electronic conputers; in
particular, the issues of flow resistance and pressure |oss in high

per f or mance mi cr o- st rthetpereeptiontd firaprawide furslamenital ulee et ddatureshaeve r emai ned

unresol ved, 10 that | sol uti probl em
outlined above. Nbr‘é@}g@@?g%?@%%aiagar Fedsr rﬂ?eoé)ﬂﬂ‘frnérlp%u?%{j P%Tag'i?f %'l’t:c?%f t he

cool i ng devi ce accor dstngtured codimgpodiesrior uniplamar local heat spuress, bed ei N bel ow:
The lower range limts for channel w dth. channel, depth and channel interval
15 (bar width) ar e@r atﬁaé‘le)eld g%feépﬁ]eﬁlé%s%%;iql ﬁaa-'ﬁ'g iﬂr%lﬂ@'ﬁ‘tc‘g'qqéfet he production
process 5i n questi on.agébelatedanith &atiihg mictbpresesddes SEPUEANd dtR&iehddeonet ri c
parameters, mass production of the cooling device is difficult since the

required tol erances cCORANEREs of glacliprig comphikarerin Particylas: the issyge POIAW depend

on the technology appksigthncs @nkprdssutd1Bss PRGh peMSHhdricEmigrotsifcliffé ommodat e
even | ower values if product engineering 20°is refined. Use of

m cro-structuring netdRoHBg AaKees, whighdesetpfase have resarined Hokesolvether channel
structures than with conventional technology. In accordance with the

I nvention, the termmcro-structure engi neering neans a manufacturing net hod
in 25 wilch t he Hiatiwhg neeessianele findrout thersolutiondo the problemouttinedsatudve.

7 1O 1 b mEBRE rAME Sy RRed B 6 bisulbbosLdrhasine! 0o)

I 'gh-resolu Fucture”patterns,
such as for thepreaentényemtion-are given herein below:

The lower range limits for channel width, channel depth and channel interval
15  (bar width) are largely determined by the requirements for the production process
in question. When very small values are set for these geometric parameters, mass
production of the cooling device is difficult since the required tolerances cannot be
assured. However, production options depend on the technology applied, so that
the lower range limits can accommodate even lower values if product engineering
20 s 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

25  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

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



l'i t hographi c process steps. For instance, channels can be produced using dry
etching methods or using wet chem cal deep etching, depending onigqqﬁFggbﬁ
30 used. Mechanical mcro-production is also possible (e.g., mcro-mlling,
mcro 27-Mar-2007 12 stanping, reformng, etc.), whereby nethods simlar to
those for printed circuit boards are preferred. In that the channel w dth,
channel depth, channel interval (bar w4¢h), 5 residual foil thickness and
base plate thickness are selected within the given ranges, it is possible
to effectively reduce the pressure loss using the inventive design of the
m cr o- st r ucs@nMping, defooniagt eficn, whereby methqsssimitardo thaspdorprinted cittlitf er ence

bet ween the ool ed and the cooling nmediumat a given cooling
capacity (hggg"d?(rééené%eé}?%%pam ty). A least possible tenperature difference

10 can even be attained when the cooling capamty |s h| gh Optim zing the

pressure |oss i i ng deyice S use..punps for

feeding the coo|'ﬁﬁ‘é&'%ﬂ§§ﬁﬁ¢ﬂ$%§“v§wn% q‘:égtrhﬁa %rv? @ﬂr \g'd hger service

l'ife. | n5adesiduahfoilahickness|ama ba@urplfat@aﬂm:etss/aweswlmu witkinttioe givereul at e t he
Ls. for

cooling nmedium so. that the rati he cooljng citcuit can be
i ni ni zed, %‘géad?FrP@SE‘BL%‘«S ?%%Ft“ﬁ%regH?? %‘g%quﬁé‘sg‘ﬁéb%ﬁ\"?’étﬁ’ﬁl i ng device
i ncl udi ng Cﬂé%’lg@bfm@%l@fo-stfddﬂurd dnUﬁ@%ttalﬁlﬁﬁ@bea@%‘slblétéﬁ{ﬁe)‘atﬁﬁér the punp).
This al so neans that the cool |e§ggbew ce can i nexpensively industrially

mass- pr oducdiiferange giveen the @bl be conlest a%@ﬁu%@'ln&@ﬁa@m 9t 2giMee covered.
20 The changgdjin c@chntﬂh@Q(@éns@’&@a?acu?ﬂ%%@L‘t ﬁd%%l%fé’l% errﬁﬁiéjdlﬁ%reﬁ& !

t hi ckness and base pl'ate thicknes desi gned articular wt
respect 100 c#reeyen b@atsame@ wiben the eeqling cegadity is high v@phmemfthe neessure

mcro-str “%§%@%fﬁ#o@%&)‘bé@gﬂ?&'nt@@&ﬂ@ to 06 L%égfor f&?drln BB for an

AMD 2000+ onvent1 ona uct |
t enper at ur emédiunethat wear iess aot ittuscattairf a {angei s&mnelllfaelmadﬂltn?rstoniyaluvve cool i ng

device is u?ﬁlﬂl{) o Qé(fi |§$j i@y cédiS %ttﬁe bégmg'n‘?go?urﬁ &S Bt HR08Tol " @

cool ing sys ects savi
operating the coollng circuit can be mmlmlzed as can the costs for the entire

15 cooling system (cooling device including counter-cooler, fluid lines, pump, power
supply for the pump). This also means that the cooling device can be
inexpensively industrially mass-produced and that a wide spectrum of cooling
capacity can be covered.

20 The channel width, channel depth, channel interval, residual foil thickness
and base plate 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.

25 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

30 must be cooled.



operating costs. This property is particularly relevant in the case of

mai nframe conputers with a plurality of CPUs, since in this instaosgar-2007
several kwWatts of heat 30 nust be cool ed. 27-Mar-2007 13 The channel

wi dt h, channel depth, channel interval, residual foil thickness and base
pl ate thickness can al so be designed application-specific under the

foll owi ng given operating conditions w {f respect to pressure |oss and/or
the cited tenperature difference and optim zed for instance for an AVD
2000+ CPU. 5 a. Area power of CPU up to 70 Watts/cnR; b. Difference between
t he tenper at ur esThgchanaet wWisithrechaooel dapth, CMmEEﬁotemaidreiSiduahbil thickniesg medi um
flow ng int uantity for
t he cooli nggﬂéggsﬁﬁgtﬁtﬁ%kﬁ%%ée:ﬁc%gé P%gg 8 c @%%&rcglﬁg@dgﬁh& 0l to 3
Uni n; d. Pr é&llswing divsnsopsratirgscoriditions h@t restmct tolpreesure tbesstandfr thoy eitead |

SYSTET 2, VB L ol S o BB a0 S B TEpHEL 2 subet 1

12.5 ands516 K at a flow quantity of from1t03 Urin and at a pressure |oss
of from25 to 250 nbar.,k Under th % dltlons the inventive cooling
device requires a AT BehiFadowesg Q \efaﬁilﬂ'l'rhmthat is at least 30%

lower in order to re@@lﬁbhﬁlCé%ﬁNé&iﬁﬁé&élﬁpé}EtuP&%n%thBﬁnil'cBhﬁ:cFOO' ers on
the 20 market that have heretofore had the best perfornmance. The inventive

cooling device can be $HfasgEsd iR mﬁaﬁqsﬂl%weawm@@\wagmp theeoqlipgglevice | oss of
the available or prefegnges RdARoW:2 | ayout and design while assuring
sufficient capacity. The Inventive mcro-structured cooling device thus
denonst 8t es 25 substcarftlPwlquantityderthe capling medivintthraygilee ceofiabldericaT. Thi s

relationship is exploi tlﬁ‘iihe Eac‘z‘r'9 tJP%‘(ﬂltg@ Lc}ﬁﬂ{'ee of scalability in terns of
the capacity of the mcro-s cture

.d Pressure loss of less than 100 mbar.

In an identical overall system, a water cooler currently available on the

15  market as a substitute may attain at best a AT (between CPU and cooling medium)
in the range of 12.5 and 16 K at a flow quantity of from 1 to 3 L/min and at a
pressure loss of from 25 to 250 mbar. Under the same conditions, the inventive
cooling device requires a AT between CPU and cooling medium that is at least
30% lower in order to remove the same quantity of heat as the fluid coolers on the

20 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
25 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
30 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



cooling device. In ternms of the ratio of interior surface/volune of the
cooling device, for known coolers this ratio is nuch |ower than 58t/ %007

i nventive cooling devices, by a factor of at least 3, e.g., if neasured in
[cnl. For a comercial reference cooler 30 this ratio may be 1.13 cnR/cnB
and for an inventive prototype it may be as high as 4.8 cn2/cnB. In the
inventive prototypes the thickness of t{g cover plate may be 27-Mar-2007 14
as lowas 1 nmand the thickness of the side walls as | ow as approx. 17 nmm
These val ues may be further optim zed dependi ng on producti on engi neeri ng.
The fol | ovhsigwas Lesn aad theethickpess efithe sderwalladisdow aalappraxd i€ mnon

Thi ckness ol aianat Bp £ 88 Req YBb Mg BR Bratud e T e
oper ati ng clohawingvakieszanibe expected wntdérdindusidliproduetion ponuditidniscul ar when usi ng

a water/al cohol m xture, in particular a 10 water/ethyl ene glycol m xture,

and very particularly a mxture of 95 vol.%water and 5 vol. % et hyl ene

glycol & cool Lﬂgteﬁiaiispﬂace'fdf@lir%ldnﬁ@ devi ce ﬁccqu'rdxgmg mmnzmm%en]'g .

i nvention can Qptimz Wi espect to the give raneters as follows:
Flig il fhoshag?

15 The val ues forfVefRgRHE S$he channel dept$sst MBnnel interval,

the residual foil thickness and the base plate thickness may be optim zed
such that the pressure |oss for the cooling mediumin the cooling device is
m ni m zed. 20 Thdeaipiesgidorlyesdorcthaprerating gonditiensecanrhmenan faebem, t he

channel i ntgivabed int SRS whEN uditt &b Wl EiERep thePaserRl ate thickness
may al so be&{)pt ilz?g zersﬁ"such.t half "'ggne“;éilt%rf grencrgﬁﬁg{a\/\ﬂ?ﬁ ther}taerrperat ure of
t he t hetlal wateretiytenegiycat mixturedandeery paisulariy aemizture ht9% voll % wgteradidum
flowing in ' ' LSinaRiim.zed. 25 The val ues of the channel
wi dth, the S 08 At e'pﬂ’tﬂ?&{' 2 cbind il 200 o
The cooling device according to the present invention can be optimized with
respect to the given parameters as follows:
15
The values for channel width, the channel depth, the channel interval, the
residual foil thickness and the base plate thickness may be optimized such that the

pressure loss for the cooling medium in the cooling device is minimized.

20 The values of the channe! 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.

25

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.

30



the residual foil thickness and the base plate thickness may al so be
adjusted such that a cooling capacity to volume of cooling devicg,ngli$ho7
i.e., a "cooling conpactness”, of at least 2 Watts/cnB is achleved 0

27- Mar - 2007 15 The val ues of the channel wi dth, the channel depth, the
channel interval, the residual foil thickness and the base plate thickness
may al so be adjusted such that a "cool 4%g capacity per volunme and AT" of at
least 0.1 W(cnmB K) is achieved. 5 The val ues of the channel wi dth, the
channel depth, the channel interval, the residual foil thickness and the
base pl at e thi ckhkss¢alues otthe chbmnehdjdibtthe chamrtel deptht the chyaeoélfintervapr essur e

achi eved. - 10eTRgc0R HIIGHREE LAY ki Llb AtENIcRiets My e pE APVl channe
interval, thatar'emlidgaapadty perblakeessl ATichftabzabbsd Wi (ehe- Khisakhiesed.nay al so

be adjusted such that a heat transfer capacity of 200 Watts/cn® is achi eved
at a maxinumdifference in tenperature between the thermal contact surface

and the sooling Tmlvames of thwichgnrien widile, th@ ehariviel depthe theddhahRellintabvad 1 ow
gquantity for the cool medi um 15 t hrough the coolin ‘%ﬁgdew ce in the range

of from O. oS{‘etr851§U@JrfPH\t Gitreat and fhedase pite thigness may s be adiysitgsuch The
foll owi ng sMb%ﬁe@f.@qﬁ%s@@ld‘sernohha.zeatcbamtg capaRly oPht (eadnnel  wi dt h,

channel depth agnel interval, residual foil thickness and base pl ate

t hi ckness: 5dN&°menKpr|-é'\T/‘!rt)t%@<§P'Qj’&F’ned know edge about the |ayout of
conventional coolers it is assumed that high heat transfer cannot be
attained unless there is a turbulent flowin the coolers (high Reynolds’
nunber) 10si nce uHueyalu¢seithe shannel width,dhe eharnel daptht therchasnerintesvahichi eved

bet ween Cool snﬁEQl'foTtrﬁa%eEQ?M{i‘% kﬁ%@ Etﬁt@lrlesk'ﬁ?a!}/aﬁéo BY a@@% é[uﬂﬂ l'am nar

flow rati os. m Zi ng asure nvolves a
i ncrease i nthat adwat Eamsjetscapamty of 200 Watts/cm is achieved at a maximum dn‘ference

in temperature between the thermal contact surface and the cooling medium
flowing in the cooling device of 10 K at a flow quantity for the cooling medium -

15 through the cooling device in the range of from 0.01 to 3 L/min and at a pressure
loss of at most 100 mbar.

The following should be observed for the optimal layout of channe! width,
channel depth, channel interval, residual foil thickness and base plate thickness:
20
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
25 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-
30 structure engineering for manufacturing cooling devices and heat exchangers. An
example of this is commercial high performance micro-heat exchangers from the



A very substantial increase in heat transfer capacity by orders of

magni tude, relative to the volunme of the conponent, could be attgrngd-7007
using the mcro 30 structure engineering for manufacturing cooling devices
and heat exchangers. An exanple of this is comercial high performance

m cr o- heat exchangers fromthe 27-Mar-2007 16 Karlsruhe Center for
Research. In particular the high costs f mcro-structure production and
the currently very high flow resistances have hindered broad application of
m cro-structure technology in the past. 5 The reason for the currently very
hi gh fl ow rléaﬂs;mmmeesteoform%mm\m peribqutar tise high icossdf hdero-structueanger s i s t hat

an increase | t.he he trans Lty nerally l.eads wth a | arger
cool er, | on%fg %W&rﬁ{‘é’ @e cﬁﬁﬁ“‘[ S@ﬁglowdﬁgg'?ac?% a ‘%%@‘?{e%ﬁnr%agui lle Law, to
t he i ncr easapglicatidneoffrhioms-stasiture agehdologhirciheasnot be tolerated for

applications in cooling electronic conponents, however. 10 It is only the
present invention that resolves this problemw thout this having a negative

i npact an the heme rbé@drﬂfoethecm%m%ye@rmbh flovil AR Fst&rteB of BFRKKkndvni rhicrd?0ssi bl e
to optimze, even with regard to t ressure loss in the cooling device,

the channel Stchrad h@ﬁ%@ﬁ?@ﬁ"ﬁ%ﬁﬂ%’”‘%%ﬁﬁ@as?M'@P\?‘&Pt transfercaRRCibi | t hi ckness
and base 1guraldacady #HREHgeThRRS, RRGSUBANAL ki, ARSI e Lo I educe

productlon costsand theref ore al SO Sy stem COStS such t at m cro-structure
cool i ng devilagen Beisevite Law| tp the mmﬁsem thyz flowrresistance pubich icanrol ba

econon cal | ¢ QIR ddokiatiohath Basing ddirohBRofohdEdagierhannel design is

that the cross-se SIS mnrmzed jus enough that a
| ami nar1Glow is attained in the channel s under operating conditions.

Turbul ences are I { t ed. | ow | ons, -,
the 1 ow reci stcnoby Raietelinbnffiiigtsiieinlopetliiar pighalng 3
product cana hegatiwdampect drﬂhéheaam@isf@-aiapmtyeandhbmhssm By miakipg é rranner As a
rule the first i,S.to 25 ro imze th tr channel wi dth,
channel depﬁ’?‘? %t%p MIﬁlﬂé? evep g\p&jgpgé/rd%) he pressure Fosg {T\ee co%llrgg Qewce,
the channel width, channel depth, channel interval, residual foil thickness and base
15  plate thickness.

These measures also make it possible to reduce production costs and
therefore also system costs such that micro-structure cooling devices are not only
technically superior, but are even economically competitive. The basis for the

20 inventive channel design is that the cross-section of the channels is minimized just
enough that a laminar flow is attained in the channels under operating conditions.
Turbulences are dnly 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

25 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?m3, the flow resistance climbs

30 sharply so that an optimum is attained preferably at mean surface/volume ratios.



wi thin the given ranges by adjusting the surface/volune ratios of the flow
channels. A low surface/volume ratio of the mcro-structure, 7.M1%5h07
n2/ nB8 generally mneans a |low fl ow resistance but al so | ower heat %ransfer

At very high values of the surface/volune ratio, e.g., 10,000 - 30, 000

n2/ nmB, the flow resistance clinbs 30 sharply so that an optimumis attained
preferably at nean surface/volune ratiog 27-Mar-2007 17 As has been
energed, however, optim zing the flow resistance and the surface/volune
ratio alone is not sufficient for optimzing capacity. As already

expl ai ned, in als hasdmeh\mner'ged.mmevacmtimizﬁtmﬂhbd@wesistaflceIaedIﬂwt source is

out si de h conducti ng
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optim zi ng e fl nditians. .. The ob ect o thelnventlo is her ef ore
P 0 eht ovidTecedliie ferice and tee ayRanred Viaded heat ot ERITAMBBLSEIEI o ¢ or
t he optignunardd wtheeddiing meauumarme ré&lttbftlﬁlbﬁsfh&t!h@c‘ﬁhlyﬁl@alfﬁﬁfcﬁfre of tai ch is
est abl i shed b t he design of t{he cooli device. . The foll O\Mltpgﬁl | lustrates

t he inventi%® @QQF\Q‘FP LR ’aPr%PB'r"E'ZSﬁd‘ @qﬂé 9n tarapdimizipg,thedflouy ¢ong acity: 15 It
has been turned out that with regard to the aforesaid optimzing criteria,
pressure |loss and tenperature difference, it is particul arIy beneficial to
optimze the rdte®bisct ehtheraventipaisthersforataisaaghieyedhetinby Hignnel s (bar

width). A réq I F\@rgfb &ﬁﬁﬁ it

di m ni shi ng. Qqﬁdgﬁ%{??ﬁtgfﬂghl?wﬁm I nt \f/bzﬂt& urlngIr re g?'a@? |yn t he
range of0 f riynthe “structuretfacter,'swhich js estabiaha@by mecmeslgroofztbe rcegllrmmlvmm |
thickness ratio that is too high has a simlar effect. The ratio of channel
wi dt h/residual foil thickness should be in the range of from2 : 1 to 5 : 1.
M ni m zi ng t he rldeifdioaing dlustratas tHenibeentive dekign parametetssantstheireffecteh heat
transm ssi O&)?Eﬁt V\?eq%. the individual |ayers. The follow ng applies for the
base plate 9 KTRHMEss: Since the tenperature of the object to be cool ed
as arule is not constant over the surface area, it could at first appear

obvi ous1é 0 desl gftnha;[srbeeel?\a{ﬁ|?ned out that with regard to the aforesaid optimizing criteria,
pressure loss and temperature difference, it is particularly beneficial to optimize the
ratio of channel width to interval between channels (bar width). A ratio that is too
high leads to the heat transfer capacity diminishing. Thus this ratio (width/interval)
should preferably be in the range of from 1.5 : 1 to 2.5 : 1. A channel width to
20 residual foil thickness ratio that is too high has a similar effect. The ratio of channel
width/residual foil thickness should be in the range of from2: 1to 5: 1.

Minimizing the residual foil thickness furthermore attains improved heat
transmission between the individual layers. The following applies for the base plate
25 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.
30



plate to be thick in order to achi eve honogeneous tenperature distribution
in the cooling device. On the other hand, heat transfer for the basg. e
di m ni shes as thickness increases due to the heat resistance of the netal
used. 30 27-Mar-2007 18 Thus there is a heat transfer maxi numfor the

I nventive base plate thickness, which thickness can be greater or smaller
depending on the (desired) tenperatureqgifference or layout. In all of the
wat er coolers currently available on the market, the heat is rapidly
renoved fromthe heat source by using the thickest 5 possible base plates
(e.g., 5 mm) andTRuysuibers isiachaat trarsfagmarmymafor ednvertive basedlatept i rum  The

I nventive c | LIC R nnp 'qmgz ssary
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and redugt i possible mass platénesy. | i mnpleanairtkaewihdub takirteintthaduaeht the aited r y
e R T TN -
and base pl pecedshiyoiesidas! floar &idkness for iHd crepoiding éapdtafrarideddiinthgsi on of

t he three-djnensjonal structure the "structure factor." The latter

s al o hi gANGSIBEANBRFIUSHIE Mith She SHolian MRdiuR g8 s asPassBIRAIMER and

flow direct s@fitce THus assiiRAME 0B fimizaa Ibcal AEATPERbYA WA sihbiariddls desi gn
exanpl es  presented below Surprisingly, it has been established that the

f1 ow di 1@ct Fepptantial rasuictignsan sastsidvedo saviegsinreateralp Y seductien P Hagsst ant i al
role. The design principle 20 cannot nake full use of its advantages unless
the fluid is introduced through the gap in this design. Using appropriate
desi gn in the inlkus theparanéterscfontheaihanmel geometry éshanaekwidthnwidepthragdt ur bul ence
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this and t hintgrvals asidual foil shickreess med bass plate thinknessepatasieterd influemceghe i n
15  heat transmission of the three-dimensional structure, i.e., the “structure factor.”
The latter is also highly dependent on the physical arrangement of the channels
and flow direction, i.e., the design, as is demonstrated with the design examples
presented below. Surprisingly, it has been established that the flow direction in
Design B outlined herein below plays a very substantial role. The design principle

20 cannot make full use of its advantages unless the fluid is introduced through the
gap in this design. Using appropriate design in the inlet area, the central in-flow
generates swirling/turbulence that increases the heat transmission immediately
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-

25 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

30 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



25 flow into the channels fromboth sides of the cooling device having the
Design Bis conpensated by the shortening of the channels and by%f#F;F2007
doubl i ng of the nunmber of channels conpared to Design A describe ereln
bel ow. Since in accordance wth the Hagen Poiseuille Law fl ow speed is
proportional to pressure loss (Ap) and by doubling the nunber of channels
the flow speed can be cut in half, op qgn be 30 reduced by 75% nmaxi num by
this and by halving the channel |ength. The channel has a so-called
"critical length" beginning with which the |amnar flow devel oped
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so that the pressure loss .t ins,mn mzed in a,5 controll ed manner, but
the heat t REReRTLRsEwT e iigtiegecy b el bressR iosiRMans mBRET A ' ( ne
channel sl enghinsllethndhbrpbutdie RBattiandmissiopsis ifltifer irioregsegh design. 10 Starting
at a "critical Op" as a mninmum cooling capacity of the cooling device

col l apses. This m ninum can be intentionally pushed even | ower using the

descri bed desi gFuM@édwéﬁtbylfhowEWErE tHer dRahRelilEndiRS Ry 86 as@nantaggeous that a
heat exchange surface 15 created in the channels in the interior of the

cool i ng deWogeblefor gachedesigian the thermal contact surface on the base

pl ate. For instance, the flow channels in the cooling device can forma
more or less dense pattern in a netal foil (cooling plane) and thus define
a heat 1®xchangeStatingata |anitighliAph as BeniRisaum § ¢asling gaparity of e easling ng  devi ce

i s absorbe | 4 ' The: ' ' urface 20
shoul d be. ILSvie2cofaieRs, 118 ol B irfertBnaly pinea REBH IS0 HERRTRS e

obj ect to Islescriaag dasignsvdriations.ect t hernmal contact with the cooling device.
What this additional optimzing nmeasure achieves is that the heat fromthe
object to be cooled is conducted via the thermal contact surface as
directly as pos&uhermane ithaspraied  advantageous that a heat exchange surface

15 created in the channels in the interior of the cooling device is larger than the
thermal contact surface on the base plate. For instance, the flow channels in the
cooling device can form a more or less dense pattern in a metal foil (cooling plane)
and thus define a heat exchange surface in which the heat flowing into the cooling
device is absorbed by the cooling medium. The area of this heat exchange surface

20 should be larger than the surface area on the base plate via which the object to be
cooled is in direct thermal contact with the cooling device. What this additional
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

25  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

30 of the cooling device. The aspect ratio in the inventive cooling device depends on



the fl ow channels and thus into the cooling fluid and not for instance into
the side 25 walls of the cooling device. Another influencing Var%fﬁ*i?édh7
the aspect ratio of the channels, i.e., the ratio of channel dep 0
channel wi dth. Gven the sane channel cross-section, deep channels (high
aspect ratio) clearly have a positive effect on the heat transm ssion 30 of
the cooling device. The aspect ratio i nythe inventive cooling device depends
on 27-Mar-2007 20 the limts of the etChing process being used; the naxi num
achievable figures are currently in the range of from1l : 2 to 1 : 3. Using

the descri begk iR oMtheRicHAF prgesPBbifd he, theembxiaiupd 8chigfablefjurés & the 5
object to be cooled.to the cooling device and into the cooling nmediumcan be

attai ned, wSseFemy ipfke Rngeifom 45319 3 4dj usted to a reasonabl e range with
the inventive adjustnent of the hydrodynam c factor as described in the
foregoing. If desired, a pressure |loss of 100 nbar or |ess can be attained
with a typical hbaing the dasdrivedsigsignioplimizingapp effretivetteangfer obhetfrosy hep.

Typi cal ghar st | 3 r | e . Fl ow
quant 1 ty? 0 CBiEet o peoled epRERRBHY derlcarkl g O bR IRAGR D Bp, T over
density: at attained, wigerghy the pnegsuré fosSis adjusted ta 2 npasoaablecantie With thece: | ess
than 10 K LE:d O ‘ i r anet . | nfl uence. the structyre factor
and that - starivoaedE 8 I ARR AT st TRET SRS SR
nurber of hrrdéﬁired, @:dresshL(re Iltwg(r)tﬂhophwaesb less van aeettaih)eav@tﬂ attb@i?:éllchebs, hsur face
area in the, c nel s eat excha rface_ar.e channel length, type
of material "BBWEF FRRAFYY épmﬁaﬁayggﬁ?ﬁ%@ b&@cglcgﬁf-?f:?%'sﬁ%ver plate for
cl osi ng1bhe parphétas fBEWeCRORNG déVige aret Ning material for the material-fit
joining of the nmetal 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
bet ween the obj efjowt Uity 0D 1€d3@AFInt he cooling device.

Absolute capacity: 0.02 kWatts — 2 kWatts;
Power density: at least 20 Watts/cm?,
15 CPU/fluid temperature difference: less than 10 K.

Additional design parameters that influence the structure factor and that
should be used for optimizing are: total number of channels, number of metal foils
(channel planes), surface area on the foils, surface area in the channels (heat

20 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.

25

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

30 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 least two netal foils with flow
channels. Preferably the channels are organi zed i nto channel plaQﬁ§Nh$gﬁh?ad
of two netal foils, it is also possible to use a single netal foil "an
additionally one base pl ate provided with depressions for receiving flow
channels. In this case the 30 one of the two netal foils is then called the
base plate when it has channels. 27-Mar 5007 21 The m cro-structure cooling
device has preferably 2 - 10 pl anes for the channels. Wth respect to the
foregoing, this means that either 1 - 9 nmetal foils and additionally one

base pl ate proviThedniord-biredtarensloingdevice hddpreferably 2ot 16 prinds fordh t i onal |y
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be a netal foil provided with channels. But it can also be an unstructured
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structured f4bli®nfid® When using the inventive manufacturing process, the price can be
15  very substantially reduced with sufficient cooler capacity when application-specific

design reduces surface areas or volume.

In addition to the metal foils and the base plate, which latter closes the stack

to the thermal contact surface for the object to be cooled, the inventive micro-

20 structure cooling device also has a cover plate. The cover plate itself can be a
metal foil provided with channels. But it can also be an unstructured cover plate.
For 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

25 can be formed by etching, punching or lasering preferably into the cover blate. Itis
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
30 tubes, for instance injected, integrated or joined connecting supports. The tube or
pipe connecting elements can be directly integrated or variably attached by



provided with a cover plate and a base plate and joined to forma conpact
device. Preferably a plurality of openings for the connections of_jag-200 et
and outlet areas 25 can be forned by etching, punching or |asering
preferably into the cover plate. It is preferred that the cover plate is
made of nmetal, plastic or plastic/injection-nolding. Provided for

i ntroducing cooling nmediuminto the coojd ng device and renoving cooling

medi um from the cooling device are apparatus for connecting 30 tubes, for

i nstance injected, integrated or joined connecting supports. The tube or
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extend 20 amdrgRimentef heshbhfele it whigh Medhbiviualk iagdrs Skélprovidetiaam of the
cooling device. In the first channel design, the channels connect on the

inlet side PREMMIS nlet distribution space and on the outlet side to an
outlet distribution space. Thus in a

15 Furthermore, the micro-structure cooling device can have at least one inlet
distribution space and at least one outlet distribution space for the cooling medium.

Design A: The distribution spaces can be arranged such that they are
situated at side surfaces in the cooling device opposite one another and extend
20 largely across the entire width of that side surface of the cooling device.

In the first 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

25 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

30 cooling lines.



cooling device structured in this manner cooling mediumflows via a first 25
connecting support into the cooling device and then travels into $1garlodY
di stribution space. Since the inlet distribution space in this design cuts
into all flow channels on one side, the cooling nmediumcan flow fromthere
into the flow channels. Once the cooling nedium has travel ed through the
channels, it reaches the outlet distridggytion space. Fromthere the cooling
mediumflows into external 30 cooling Iines. 27-Mar-2007 23 In a second
variant, Design B, the netal foils are interrupted at approximtely the
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essenti al | ygStﬂgb ﬁ‘?q &Fanelg;rél;?@ %?ﬂ)fteh( ; 6 Rlateds P'BW?& GomesintPeast one
col | ecti on edmaavith the base plate approximately in the central area in which the thermal

15  contact surface is situated. This produces a flow in this area that leads to

increased heat transfer.

Since the channels preferably run in the planes of the metal foils, all of the

channels are connected at their one end to the distribution chamber. In one

20 preferred embodiment, two groups of channels are provided that run essentially
parallel to one another. Furthermore provided is at least one collection chamber
within the cooling device 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

25 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.

30



within the cooling device with which all channels are connected at their
other end. Two collection chanbers can be provided for instance jnffar-B7 N
the case of the first Design A are arranged on side surfaces opposing one
anot her and that 25 extend essentially across the entire width of each side
surface of the cooling device. The collection chanbers are preferably
connected to one another so that coolipg nmediumcan travel fromthe

di stribution chanber into the cut-in flow channels and fromthere into the
col l ection chanbers that are joined to one another. 30 27-Mar-2007 24 In
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connect i ng %Hﬁé’&fnﬁ dé?.@goh?h ‘?é‘&%%@t@dtt tHe"t%llE&'lJn%ta {é’%@%raﬁs atdcagte! | as

at | east one seco nnec ng support that I's connec
di stri buti oronetseobied coﬂ'ﬂe@tlngeoppantqhaﬁdcamec&&d toltbs distributionl gbareberodiheof an

external co i | fir [ p

distributi O;Hogm&ﬂﬁjarﬁ’négq #hgj eescoﬁb%ﬁ?fﬁgﬁz%bn%%rﬁ# é%% r!i%(/v Iﬂa |r§t' The
cool i ng lfaedlamnneetmglm:ppditnrﬁotlmjdl"sﬂ'ibotimMambiekand tramelslﬂanbthese mtmdef romthere
via the sec onne ort .out ai_n o.an e al ¢ ing |ine.
10" The di e ABER: B cRORRTTE b PR dhath B he S RERG e SBihor e

obt ai ned w tdmdlfruﬂmierreala tRE @E66Hd ORNBEINGHUPPER DUEAG IR e A eﬂﬂéﬁidled for

manuf act urin q%)pcool | ng systens today. Therefore for nmanufacturing the

m cro- struct |ng device, nethods 15 can be used that are anal ogous
to printed circuit board production nethods, these nethods conprising the
|nd|V|duaI process steps of photolithogra structuring (preferably

et chi ng)10 netal ghadimgneions ?fdheulrwgntwﬁr@pgmgm\ycwlm@mpfﬁgca(rmet h®7 08 472

B The, anakiitod fuhiitushid RGN EREISLARRRIANA cipfdichor | & P oduced

by stacking and | ol ning o-structure ent design, structure
and 20 j oi nimgnufacurireg Cmmgwshemﬁéoéaye optim zed for this nethod in terns of
the ability for

Therefore for manufacturing the micro-structure cooling device, methods

15  can be used that are analogous to printed circuit board production methods, these
methods comprising the individual process steps of photolithography, structuring
(preferably etching), metal plating and joining, preferably soldering (DE 197 08 472
A1). The analogy is that a complex three-dimensional structure is produced by
stacking and joining micro-structured foils. Component design, structure and

20 joining (soldering) systems are optimized 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

25 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

30 additional retaining clips, the cooling device can be mounted directly onto the CPU,

preferably by soldering or adhesive.



mass production and thus nmake it possible to manufacture the mcro-structure
cooling devices in |arge nunbers cost-effectively, whereby existi?ﬂhﬁxéi

can be wused that generally do not have to be nodified or only require mnor
nodi fication. The advantages of the described manufacturing nmethod are the
use of already 25 existing mcro-structuring processes, scalability for

i ndustrial mass production and very | costs. This offers the great

advant age that technol ogy that has already proved for mass production can
be used in a new application for the inventive cooling device and
furthernore that the process steps can easily be conbined and i ntegrated.

Thus, for inst for . i ng f - i ni nj, zed nbl v. wi t hout .30
addi ti onal r ot ai MGG Sronales s iaged afihdbe aRRiGRUOR BN SINGHE |y ont o
the CPU, pesdisseripgyfotimanefaditingthetoolingaevive. 27- Mar-2007 25 The fol | owing

properties are attained with the application of mcro-structure engineering
for manufacturing the cooling device: 5 1. Very high, reliable, absolute

seal (vaguum seal 4pVedy AighOrefBRE, abddlute Séal (VR UTHCS< GpARAEP Mbap- LAE cool i ng
device to the environment, but also between the m cro-channels in the

devi ce, for optim zi Rfthersicrorelannelssindhrreqoling dgyica do Heceivirpement, bull | y net al
bond; 2. Excellent pt i o Ii oL . strengt h of
10 the joints bet V\eer?%'?’?ghﬁn%%ﬁﬁ%? sgnaérﬁ] e{sﬂ@tﬁ%\)ruf%rf] g@?gq]@tees; 3. Very
good resistance to coeaidsansportayaysingt camplate, fullgaetal kanol i cati on, using

corrosion protectign r i LG ! I erature
resi stance; 5. an%gglﬁgég%srﬁgﬁe%%gq’gsﬁ?ggé gf{g@? %Q&L{:’é{vd%ep%%ﬂtg&ghﬁgfhat are
15 geont@rical |l y wel thejeintnbetween thé meted Foilsrand she eovarendfbase plates; ool i ng

L e oL e o33 ST G BB AR b RSnbe)
careful Iy coordi nat edsingtcbrrosien nstetton layers applied electrochemically;
4. High temperature resistance;
5. Homogeneous channels that are free of deposits and that are
15 geometrically well defined;
6. Minimal pressure loss for the cooling medium in the cooling device.

For assembling the components, the layer thickness of the soldering system
20 and the process 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”), I.E. Petrunin, Verlag Technik GmbH, Berlin, 1991), with regard to
possible joining methods.

25
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;
30 Fig. 2: shows a cross-sectional schematic illustration of a micro-

structure cooler in thermal contact with an electronic

component;



order also to nake possible soldering in the | am nating presses. Please
refer to DE 197 08 472 Al as well as "Handbuch LBttechnik' (" Manualr.0h00
Sol dering Technology'), |.E Petrunin, Verlag Technik GvbH, Berlin, 1991),
with regard to possible joining nethods. 25 Please refer to the figures for
the follow ng explanation of the invention: Fig. 1: shows a cross-sectional
schematic illustration of a structuredognetal foil; 30 Fig. 2. shows a
cross-sectional schematic illustration of a mcro- structure cooler in
thermal contact with an electronic conponent; 27-Mar-2007 26 Fig. 3: shows
a schematic ill &ig.Bati on sbbwa arschematia ¥usitatioe of e onieno-gtustuze coolerplane st
Design A, Fig. 4: shows in ({,h%f@[ ¢ IIustratlon of a mcro-structure cool er
plane in a second Desig l‘? shows a schematic illustration of a
m cro-structureFigpdter i rshaws‘emchémﬁlﬁsdlgstraﬁow’ofbnda@l-étn@tm'edbmlat plamemect or s
pressed in; Fig. 5b; shows a sJ;lsf?rratl il lustration of a mcro-structure
cooler in a first DesignWaREEN ?5'% distribution spaces with cooling

nmedi um gonnect OFfy. BaeSSe@hbWs alddhémetic figstratibe o a nisebfmRture cbblbrinta at i on of
a mcro-structure cooler in_a first Design Awth screwin cooling nedium

connectors; Fig. 5d: a S(‘?F%Peﬂslg@"}‘l”ftﬁ§?9'5‘9|’6?p"é'f‘ CRNAPEPE-esseetilir e cool er in

a first Designpfy whih S&heWs abchaelicHludibh Ba MgoutheapOBEsEF fia Fi 0. Se:
shows a schematic illustration of a mcro-structure cooler in a 15 first

Design A with of fset di sfirstiesioor wihefset distiutomsnases wiboeetingl ate in the
shape of a cover, wi th sefemihRofQhdr8Pressed in;

10 Fig. 5c: shows a schematic illustration of a micro-structure cooler in a
' first Design A with screw-in cooling medium connectors;
Fig. 5d: a schematic illustration of a micro-structure cooler in a first
Design A with screw-in, angled cooling medium connectors;
Fig. Se: shows a schematic illustration of a micro-structure cooler in a
15 first 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
20 second Design B with cooling medium connectors.

Identical reference numbers have the same meaning in all figures. Please
also refer to the attached reference numeralt list.

25 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.

30



medi um connectors and with a base plate that has cooling channels; Fig. 6:
shows a schematic illustration of a mcro-structure cooler in a %91\%%9906‘7
Design B with cooling nedium connectors. ldentical reference nunbérs have
the sane nmeaning in all figures. Please also refer to the attached
reference nuneral list. 25 Fig. 1 illustrates individual optimzing
paraneters on a netal foil 1 that lead 2to mnimzing the pressure loss in
the cooler and to mnimzing the tenperature difference between thernal
contact surface and cooling mediumflowing into the cooler or for

maxi m zi ng cool i Shpvoaaredhe gharfiet widibbnehanngt depth dyehansel isteseattar2  in t he

metal foil WI&trE}a%]am#yﬂnneffttragﬁ%%ﬁoAlgﬁ "sﬁgﬂn %Qh zv Mﬂr (% barstn%&ggtzom are

t he channel annel erval ) s and
resi dual f oateatdm tbém@al foil 1AE|§|02$hows1thesadd1tmnM dpthnrfzmgfpatrﬁmemt gybdser ed area
on the mnet aII EO'hl Fig. 2 shows the additional optimzing paranmeter g
(base pl at 8@ erﬁ LQI%H%SSS% 5 Fig. 2illustrates a cooler 3 with thermally

contactesl CPU processor 4. The cooI er 3 in this case conprises four net al

foils 1, each of wh s four c n nne 2 bar s 9 uated

t here between. %ﬁ@ﬁ&% §a2c081ler hﬂ@'ﬁ"&q}’]@' qgn}ac;ed gpg’ WPB%SéHF

adj acent rm&@ﬁlerfs)inlthﬁb caEEeom@ﬂgémUph@mwg 12e9éh bf’Whllcﬂ\Pﬁéff&FrtcoéI@\ rTet al foil
| are cl osed to processor by a base plate 5. The base pI ate 5

al so absor b§ %"&'5612 ?’Pﬂapﬂ@lg @W%wegqpet\e{e@ érﬂer@aﬁéﬁlts 2 f-pachmeetaldell processor
4 devel Opsarézﬂésédmysarp?w 9(%‘?‘@métglefoqul'ﬁ&%ﬁﬁeﬁaﬁné@Zl?)@ﬂ%elgméhﬁoﬁ j oining

nmeans w th good thérmal "conductivity (e eat transfer conpound, sol der,

conduct 1@e metal el 1ane closed torike ﬁﬁ’yeprpc%ﬁser 4 byra base platess. Jhetbase plate fral
contact sur é@g%bgorbn}?afalﬁ]eﬁﬁ% et $5hce’s the B WAt thPBrd ShtbdeBr 41 er plate

8. The stac
develops. For this purpose, the CPU processor 4 is bonded via a joining means

with good thermal conductivity (e.g., heat transfer compound, solder, conductive
adhesive) 7 to the base plate 5 in the area of the thermal contact surface 6. The

15  CPU processor 4 is mounted on a CPU carrier plate 8. The stack of metal foils 1
and base plate 5 is closed by a cover plate 9 situated on top. The base plate
thickness g is also shown.

Different designs of the channeling in the micro-structure coolers according
20 to the present invention are illustrated in the following:

Design A:

Fig. 3 schematically illustrates a cross-section through a micro-structure |
25 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
30 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



D T SR

and base plate 5 is closed by a cover plate 9 situated on top. The base
plate thickness g is also showmn. Different designs of the channel 17_%1 i_QOM'ue
m cro-structure coolers according 20 to the present invention ar& ar
illustrated in the followng: Design A: Fig. 3 schematically illustrates a
cross-section through a mcro-structure 25 cooler at the height of one netal
foil 1. The individual channels 2 in thg netal foil 1 are shown. The
channels 2 are arranged parallel to one another. The parallel arrangenent
descri bes a heat exchange surface that is determned by the wwdth f of the
channel s 2 araGituabdcmﬁmindhe plangtohorammetaimil 1, $hd ialey distrithdion tshace Heamdl

contact surface, of electro 0 hi s Il N b electlng a
30 suffici eh? onﬂ?%q@t” odltsrPaFSr gen@r%avﬁh@& ngre ‘ﬂ?é“?!ﬁ?@éf’gfaf %’835 to an
inlet distgo that therchapaele 216 aarmbtélcionam inthé eboldi arerdoppected tethedwoll. Wil e

t he channeldﬁ 2. 2(-Mar 20% €8 are situated only in the plane of one netal
foil 1, §thgtﬂorH§%a[cle§ t16n space 10 and the outlet distribution space

11 exteryj over the entire internal height of the cooler so that the
channels 2 of al|] metal foils 1 in the cooler are connected to the two

di stribution spdtB&raidy ofisuchmetalfpils hisisojdegad to.pne anothar. pethvia ebarss o der ed
to one ano"é‘@f the%hetuYédifoﬁIQ? a%rv?a thd eRigel of ?H'er fdﬂufn dfltﬂinl 8né oftg\gsé’ |a the

edge 12 of the foil 1. dition, oné€ o hese I's sol dered via

the bars 9 failu1ineoldergd vgthe@ass 9a8e the edge 1:7; tomseeqh@ters dhe langth @fhannel s 2
Is for instgg %ﬁaﬁrﬁ’éi§ Qgé ﬂ}?‘ir?ééfnc%%pBTB&Ym&@y@%ﬁl%ﬁ@:ﬁeag’uﬂ%cﬁére% of

processor to be coo nm over hang o the
channel ¥ 2 GRUrpro¢assohter reptootashis d6tmmiur fGimen. fTbustahe-n@RUvprreogosthe on each

side resul t t
exchange: suPangs2FE W el Bt s et ARE S IbRiRsorSly dai BB . s
i | 1 ustr at esreaults inssetsannel lengtbfof 20 mm a0d st widtht fuof ¢hecloedteaxcRangshsuriaby i n

area covered by the channels 2 is also 20 mm.

15 Fig. 5a illustrates a cross-section of a micro-structure cooler 3, whereby in
this case the connectors for cooling medium that is conducted into and out of the
cooler 3 are shown. There is an inlet sleeve 15 and an outlet sleeve 16. For rapid
and cost-effective assembly, rapid plug-in connectors 17 are pressed or screwed
into the inlet and outlet sleeves 15, 16. This makes it possible to attach a tube, for

20 instance 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

25  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
30 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



this case the connectors for cooling nediumthat is conducted into and out
of the cooler 3 are shown. There is an inlet sleeve 15 and an ou{ gf..Slgggve
16. For rapid and cost-effective assenbly, rapid plug-in connectors T ale
pressed or screwed into the inlet and outlet sleeves 15, 16. This nakes it
possible to attach a tube, for 20 instance with a dianeter of 4 or 8 mMm
Fig. 5b illustrates a cross-section of 28nother mcro-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 S. The

ot her conne®plitgcrandielsoren atshepnds gfitee serlinpiblockpiTiissiogling Plogoisnect or 17 i's
si tuat ed tchs%&%bﬁe'dd«f‘tri qhetdé%e. pes aﬂhaﬁ@cov%rgra9+ gggbmma%sn%& eﬁa&e@anne' ar ea.
olls | t els t

In this case netal _ Wi cool ing chann are use at do not
i ncl ude di Jom hat eenadipesnd do the ands ofthe: ¢oslisg hlockapd intb evhicht the chamndels | have

20 el U5 Vb SRS HORY o it 380 Epgde 1o one

anot her. y ‘asse ng a annel's 2 into a
cool i ng &l atitributive spacd/Md ; 28pHEctivey. Thotomgctihgslieeles thelé with theeagidds of t he

he cover. gD SnBeERR afkh dsis e SRR ke 18y B JBBSelA" TP

ends offthqﬂaiﬁ@l danlgodarlngnkfaatm@bd odgt-evibétivblytdsea aigmvmqmt mlad@ﬂﬁpﬂgsﬁfhesg hol | ow
spaces form,t he, inle j stribution space 10 an e tlet 5 distribution
space 11, r g‘ffe@?ﬁ?@h% Bl?ﬁ'é'%ﬁ?ﬂ?&_c’@ﬁ‘r‘f‘f"s@i’é%é‘%‘*_P%,n"”_l(g'gW“b }'f‘ec he rapid

pl ug-i n conngmifedtarimPesstslfdreied bdolérrﬁéhriﬂi’@s%s%éﬁtiahrié&}&e&paces 10, 11. The
cover | ate 9 can be manufactured cost-effectively as a nol ded part made of

pl asticlO Since the cooli ng block is largely reduced to the size of the CPU

4, the manufact gd.ng if@stfated SothdleobRPUSant. IRIRsRAsS UREbARIs: & fhe reduced.
10 Fig. 5c illustrtates another cooler variant. In this case, in contrast to

the vari ardariant ilisstredecein Fig. ¥a.dhe Gwid plug-in egnnectars 37 ifer the intetoleave 157 for the
inlet sl eevﬁx&]fﬁre trh%%sihg&fﬂ?é\%e1@we' Ehb RGPS srBwah LofifRAsts S8 HRAWRE Y 1 N

connect ors.
variant corresponds to the embodiment in Fig. 5a.

15
Fig. 5d illustrates another cooler variant. In this case, in contrast to the

embodiment illustrated in Fig. 5¢, the rapid plug-in connectors 17 for the inlet
sleeve 15 and for the outlet sleeve 16 are embodied in an angled shape. This
makes possible an alternative assembly of the tube connectors from the side, so

20 that a lower component height can be attained. Additional advantages are that the
tubes can be connected force-free and they are also more easily mounted, even
under tighter space constraints. Otherwise this variant corresponds to the
embodiment in Fig. 5¢.

25 In another embodiment of the inventive cooler 3, in accordance with Fig. Se
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
30 sleeve 16, which receive rapid plug-in connectors 17 that can be pressed in.



vari ant corresponds to the enbodinent in Fig. 5a. 15 Fig. 5d illustrates
anot her cooler variant. In this case, in contrast to the enbodi ”E'f‘-ﬁvgar-zom
Il'lustrated in Fig. 5¢c, the rapid plug-in connectors 17 for the ifile

sl eeve 15 and for the outlet sleeve 16 are enbodied in an angl ed shape. This
makes possible an alternative assenbly of the tube connectors fromthe side,
so 20 that a | ower conponent height camdge attained. Additional advantages
are that the tubes can be connected force-free and they are al so nore
easily mounted, even wunder tighter space constraints. O herwise this

vari ant cor r espdingscaoling hiock eninpdsing tite metaHogs 1%5rovidéd with apalinger enbodi nent

of the inventi e ] cgordanc ' FLg.. D t he. coyer plate 9 is
enbodi ed in&{w\é&s%sﬁp%@gﬁ{%ﬁy o%a%{bng%%\%%@erggg 40131 hﬁlcgglm%ccfﬁ%nqﬁ% cover 9
can prfef eL ablm/thlbmetarfuﬂsmbpeedwt@meiinljeecti'siribﬂticﬁmépﬁceg.o driteintoaebutiétncl udes t he
area of the,copljng bl oc rmed. by the coqgli channel s in the, netal
forts 1, A eSMBuEseeRd RS Mo Sad3ain, 1Y o ey Biehiiototdia g ¢ he
outl et 3 stheemet sléeveMs aRd tHRCARItEsIeaR 16, pédp@ctivelgonnect ors 17 that can be
pressed in. 27-Mar-2007 30 The cooling block conprising the nmetal foils I

provided with cooling channels 2 has approxi mtely the sane size as the CPU

4. The cooling ciNB®kfmost rﬁélaltftﬁiﬁ BeihelcobMd Blodk RRAEH theiask PRaité.Mh ﬁ{i_sh .

di stribution space 10 and into the outlet "distribution space 11

di stri but i ofAsedBe basa plate thickness awelifias ejinvertivecoaditions. 5er the baseet sl eeve

15 and the I : ' ) I!R.qu l&@idi 1 of the
cool i ng bl o@ itgfcglﬁéé%eqEéﬁgqaesléa%sﬁgﬁé{)m%?b tt%?tsbﬁ Y as'eﬁﬁgﬁ%@eﬁ%@eélt hi ckness
g sat i stQ esfoil thicknese mfontbisdowmerimasbmetal fail. 1 intwhictbeaadingighanrels Riackaless g is in

i ckness roaist sl RebesefiiBle o pE BT i B I IR R s 2 are
al so sit uatbe8D0dmesHowevearcthe sesidudl yoilthickndss rifer thetotivertrhetal foiteisiwithent i ve

range of from.50 .to 300 V, the residual foil thickness r for the
ot her et al RRSTEtYE gt fom S0 5o .

15 The CPU 4 is mounted on a carrier plate 8 and is in contact with the cooler
3 via a thermal contact surface 6. The CPU 4 is set on the carrier plate 8 into a
recess in an electrical insulating layer 18, for instance protective enamel or
varnish, and is surrounded thereby, such that the cooler 3 hermetically seals the
CPU 4 to the outside.

20

Design B:

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

25 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

30 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



the inventive range of from50 to 300 pm 15 The CPU 4 is nounted on a
carrier plate 8 and is in contact with the cooler 3 via a thermab;0est2607
surface 6. The CPU 4 is set on the carrier plate 8 into a recess in an

el ectrical insulating |layer 18, for instance protective enanel or varnish,
and is surrounded thereby, such that the cooler 3 hernetically seals the
CPU 4 to the outside. 20 Design B: In @qder to mnimze the pressure |oss
within the mcro-structured channels 2 and thus to mnimze the necessary
flow quantity of the cooling nediumw th 25 respect to optim zing and naki ng
smal | er t hdoit the gap 2his a slé tfmttrhmsaccampibiehghmhém metaldoiLitli Gypriayiogal i ng

appr oxi rat algr o8 oF fuch b fot i Sy R Eh el C 1 oo MBI Moast  one

di stri buti onedilmarthatru® @ithingthé Irﬁdt&ldouciﬂanele'ﬂhectﬁstngm'idn cHamBer@o fékmddits/

di stributiqn chanb s il lustrated,in cro-structure cool er plane
as a gap tﬁré? 9gR tﬁ?\?ﬁ“%ﬁaf‘ﬂe@% RYFEthe 1059 MEFO0i | ¢ t he channel s
2 are ogly partially taken out of the netal f0|I 1l illustrated in Fig. 4

| eaving over the residual foil thickness of the 27-Mar-2007 31 foil, the
gap 20 is a sli f‘ 1q. ﬁaf%’rt'?%fd@%’@ﬁﬁ taaldhg CFW%%OPW@ inte agolleglion champgre, | aying a

plurality @ff $HEBoNEREGH chéthber 21 ihBuded PleBhafRé@ B0ffa8e drda®n thisedidad)g t he
cooling mediumthat run within the netal foil plane. The distribution

chamber 20 sPdhatc@oling medienytpm tae distribubiem ehamberd20 ean eHerthewepet he entire
interior Ofchhﬁ 1€ 9B the ﬁw@r%haﬁﬂé’ﬁ 'ﬂ?écddh{w ﬁﬁdﬂ}rﬁﬁﬁﬁlﬁ@g}é%nﬁg@ine' S 2

open into a co ect1 on chanber col ctlon cha I ncl udes the
channel10s urgaitetravetsantorthe k- @mmﬂdmﬂectlos@hah@er 2bolhinganpet efreohduntinghe

di stributi 9%@ r%ﬂ r
channel s Zq'%l'ge C (?ﬁe :htog'%('lbhh%ﬁg %lﬁ‘gaé%bgh@ %aigfég{l%@tv&og%\% s into
t he U shapexdoling d:agxabmols atﬁamddemhélﬂihe'ﬁbolmgmedlam iefconduadedt in thg reverse,

i.e., when the cooling medium is introduced from the collection chamber 21 into the

channels 2, from where the cooling medium travels into the distribution chamber

15 20.

Just like the distribution chamber 20, the collection chamber 21 is formed in
the metal foil 1 as a continuous recess, so that once a plurality of such foils 1 has
been placed one over the other this chamber 21 extends across the entire inner

20 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
25 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
30 medium connections. In this case, as well, the reference numbers have the same

meanings as in the foregoing.



t he cooling nmedi um makes possi bl e excell ent cooling capacity. Substantially
worse cooling capacity is attained when the cooling nmediumis coQg%&LFQhwp
the reverse, 1i.e., when the cooling nediumis introduced fromthe

coll ection chanber 21 into the channels 2, fromwhere the cooling nmedi um
travel s into the distribution chamber 15 20. Just |ike the distribution
chanber 20, the collection chanber 21 i formed in the netal foil | as a
continuous recess, so that once a plurality of such foils 1 has been placed
one over the other this chanber 21 extends across the entire inner 20 height
of the cooler. Just as in the case of the distribution chanber 20, what this
achieves is that, t.he.cqol i ng. medi um,i s, di stributed ur or m ss al
channels 2. ForsiB il o I e dotufs B6ha A0B 3 3n AEsebaBleR™; o

connecting rﬁa@@omatacmS hearﬂr@vsluﬁbadwannalsmrfdhgbbeh@@m isMsTrBRUUThd S T ermved
fromthe uti on chapbers 20. he C00 |nghned|un1has passed

t hr ough thé’°° 'P}%\ P@?? apprexima '@Péaqu#et 8\ elbedhermat ceipttect i on

chanber 21 suick df tHelPIU Q! THo¥amBErsthat @Whﬁfecfléﬂﬁhérhﬁél% 21Fr'e§ult forhs 2
schematic cross-section of a mcro-structure cooler 3 with cooling

30
medi um conrBE CPYRIPIate 9 thal ojestseovepthaghanne area '{néh@IC@ﬁI@'_@ blasvadthilave the
same meanidy, r@i%réﬁw h@ﬁ'\écnﬂ a%ﬂﬁ $4s aﬁ?rg *’on%%?&e%;? ﬁl‘?aderbéé'la% icaPese N this

cool i ng

case a structdre o ecoo metal foils 1
and cool i nchemhenelt are @mnantgddomeaeothet Furthenare thednetabfeils @reol i ng bl ock

IS appr oxi 5 surface
of the @U%ﬁ#v%hﬁau?gﬂ%&%&@ﬁn@ggl |r8%'h}§ﬂtﬁr:§ers %@%resﬁf? from the
cover plGat digtribtticn ghaojbec 28 thateutstinte tbhamdmg chasrels . t he cool i ng bl ock and
that can preferably be manufactured as an injection nolded part nade of

pl astic. These chanbers 21 are connected to one another. Furthernore, the
metal foils areTvmecrdmnebﬂmg élmmsmﬁpﬂemammde%papndipum -tnocdrinectars tihagrenent i n

Fig. 4andit e cover g]a?e aoThé rsatp pHé llnoc?on%ec or % in t%etc%%egt%tgsslée%qst he cooling

channel s 2.int
introduces cooling medium into the cooler 3 and the rapid plug-in connector 16
15 removes cooling medium from the cooler 3. Tubes can be connected to the rapid
plug-in connectors 17. The connecting sleeve 15 opens into a distribution channel

22 that opens into the distribution chamber 20.

Example:
20
The cooling 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
25 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.
30



Two connecting sleeves 15, 16 that receive rapid plug-in connectors 17 are
in the cover plate 9. The rapid plug-in connector 17 in the connegj gﬂ‘q

sl eeve 15 introduces cooling mediuminto the cooler 3 and the rapi Iug in
connector 16 15 renoves cooling nediumfromthe cooler 3. Tubes can be
connected to the rapid plug-in connectors 17. The connecting sl eeve 15
opens into a distribution channel 22 t3gat opens into the distribution
chanber 20. Exanple: 20 The cooling device according to the present

i nvention having the Design A is conpared to a commercially avail able

cool er. For thi Smprrtgsbsactema@re:wo devices are nmounted to a conputer server
For determning the characteristic figures, <characteristic data calcul ated
for the conputer systemare used. In this system the 25 coolers are
measur ed under ©6P4epawere i dentical condWatishs (PC, CPU, tube system punp,
radi ator, neasu Var racteristic figures that
descri be the per?glrg%gl‘r']@%’o %Sf:gg ing ‘devi cgpian be defined. 30 27-Mar-2007
33 I npokt ant f aCheratexistic lidPfdrpower [V\atts] Povver/surface area of CPU:

[ Wat t s/ cnR] SChr%cgeri,stic Iinefor g Fl ow as function of
pressure Pr essBYEP|SGIEYn system [ nbar ?Wfﬁ u'i'%'Pf' W&sﬂrﬁear acteristic
paraneters for Prssamobssih ietenee can mbad0 represented: Vol ume of cool er
(wi thout connections): [cnB] Flow quantity of cooling medium [Um n]

The following characteristic parameters for the cooling device can be
10 represented: .

Volume of cooler (without connections): [cm?]
Flow quantity of cooling medium: [L/min]
Temperature difference AT between CPU

15 and cooling medium inlet:
AT = Tcru - 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)]
20 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.

25 Important influencing factors are:
CPU power: approx. 70 Watts
Power/surface area of CPU: 60 Watts/cm?

Characteristic line for
30 pump delivery: Eheim pump
Pressure loss in system: 10 - 100 mbar



Tenperature di fference AT between CPU 15 and cooling nmediuminlet: AT = Tcpu
- Tcooling nediuminlet [K] Tenperature difference (for given CPU+. 25007

[ K/ Watts] Cool i ng Conpactness (cooling capacity/volune):[vatts/cnﬁi

Cool i ng capacity per volunme and AT: [Watts/(cnmB K)] 20 Cooling capacity per
vol une and AT and flow [Watts/(cnB K Umin)] The various paraneters
descri be i nportant application-rel evang4properties such as size,
performance, efficiency and systemrequirenents. 25 Inportant influencing
factors are: CPU power: approx. 70 Watts Power/surface area of CPU. 60
Watts/cnR2 Characteristic line for 30 punp delivery: Eheimpunp Pressure

l oss in Sy%@%ﬂ%mﬂ&ch"ﬂ@@aﬂﬁﬁg ddieMar - 2007 34 A) Commercially Avail able

Cool er: Vol unme of coofler (mﬁt%out connections): 5 Wx L x H(5 x 5 x 3.5)
87.5cnm8 Flow quantity of cooling nedium 2.7 Urmin Tenperature difference

AT between CPU oG | | .- AT = Tcpu - Tcooiing nmediuminl et
13 K 10 Terrpera?gfrag%dé}fdpggéE@glokipéémge?@%nﬁﬁ@w/povver. 0.186 K/ Watts Cooling

Conpact Aess (coW! x hg ld&pasix3.6yol une): 0.8 8@bsr’cnB Cool i ng capacity per
vol ume and AT £, 050 k! o' cbSHH mdium: 2.7 Lmin

Temperature difference AT between

CPU and cooling medium inlet:

AT = Tcpu = Teooling medium inlet 13K
10 Temperature difference
(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)

15 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:

20
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:
25
Channel length: 16 mm
Channel width: 500 ym
Bar width: 200 ym
Channel depth: 230 ym
30 Residual floor thickness: 70 pm

Number of channels: 31 channels/foil (structured width: 21.5 mm)



i

15 Cooling capacity per volume and AT and flow 0.023 Watts/(cnB K L/ mn)
Internal surface areal/volune: approx. 1.13 cnR/cnB B) Inventive C?‘?—'I\ﬂr-idh7
accordance with Design A. 20 The cooler is built froma base pl afe
(thickness: 1 mm, eight structured foils and a cover plate (thickness: 1
mm) wth sol dered connecting supports. Geonetry of the structured foils: 25
Channel Iength: 16 nm Channel w dth: 500 pm Bar width: 200 pm Channel
dept h: 230 pm 30 Residual floor thickness: 70 pm Nunber of channels: 31
channel s/foil (structured wdth: 21.5 m) 27-Mar-2007 35 Nunber of foils: 8
Vol unme of cool elNUmbdrraddidilsconnections): 5 W@xH(4.9x4. 9x0.5cm) 12cnB Fl ow
quantity of cooling nedium 1.25 Umn Tenperature difference AT between CPU
and cooling nediuminlet: AT = Tcpj - Tcooling nediuminlet 11 K 10

Tenper at ure di f \Jl@ne of cosler @iitient donkétpmepr @ 0. 157 K/ Watts  Cool i ng

Conpact ness (cooling capacity/volune): 5.8 Watts/cnB8 Cooling capacity per
vol ume and AT: 0.53 Watts/(cnB8 K)

5 WxLxH(4.9x4.9x0.5cmd 12 cm®
Flow quantity of cooling medium: 1.25 Umin

Temperature difference AT between
CPU and cooling medium inlet:

AT = Tepu = Teooling medium inlet 11K
10 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)

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

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

20
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
[Wicm®
Cooling capacity per 0.023 0.42 Improvement by a factor
volume and AT and flow of 20




15 Cooling capacity per volume and AT and flow 0.42 Watts/(cnB8 K Um n)
Internal surface area/volune: 4.8 cnz/cnB The results of the conpafingfnzee7
tests are given in Table 1. 20 Table 1: Conmercially Available Inventive
cooling device Difference Cooler (Design A) Tenperature difference 0.186
0. 157 Efficiency inproved by (for given CPU)/power 20%[K W Cooling
Conpactness 0.8 5.8 7.5 tinmes snmaller 33Vcn) Cooling capacity per 0.023
0.42 I nprovenent by a factor volune and AT and flow of 20 27-Mar-2007 36
The characteristic figures clearly denonstrate that the inventive cooling
devi ce of fers si Tt eharaeteristivfignrespaiearlyifemanstiatedbat the duventivcaalingenper at ur e

di fference %Vi@é)%%'sgﬁﬂ%aﬁ{ gcgié?n?aﬁ'ew&“ @,Egs. 5 energy savings in a cooling

system and us effec savi ngs 11m operating costs. Cooling capacity
relative to volune, AT and flowis greater by a factor of 20 than for the

best ket |ead tiQ) | i Ki
donsi 1 ¢s. (nunber BT ERIL A ECArbsRte B B30 ER: 2Pk ctfel FEHBEE 001 1 ng 10
devi ces.5 | t esdrgylsdviags in deoolinyegstehadnd thes effditengavingd ® dpepating costgui red and

costs for tubing and couplings) are substantially reduced and this leads to
better handling (thin tubing instead of thick tubing). It should be

particularly nOF@Golh?fﬁap_bbiﬁﬁt%ldﬁhélhﬁ@dhﬁﬁé.sd TGndifldW S Yredter by 4 Rictct of 20
conponent the size of which is current Ig/ adapted to the area of the chip
carri er angthan for the best market leader and demonstrates that substantially higher packing
densities (number of CPUs/volume unit) can be attained with these cooling
10  devices. it should also be noted that the tubing costs (space required and costs for
tubing and couplings) are substantially reduced and this leads to better handling

(thin tubing instead of thick tubing).

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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Cool er inventive cooling device
Volume 80 cnB 8 cnB AT 12.5 K 9.4 K Flow quantity 2.8 Um n.
Vakd® 2gl ycol 95% 5% The conparison tests were conducted under
conditions for cooling 5 an AMD 2000+ CPU under ful
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Water/glycol 95%/5%

The comparison tests were conducted under identical conditions for cooling

an AMD 2000+

CPU under full load.

It may be easily assessed from these results 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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20 27-Mar-2007 38 Reference Nuneral List: 1 Metal foil 2 Channel 5 3

M cro-structure cooler 4 CPU processor 5 Base plate 6 Thernal Co8L AGhr-2007
surface 7 Thermal conductive adhesive 10 8 CPU carrier plate 9 Cover pFa?e
10 Inlet distribution space 11 Qutlet distribution space 12 Edge of netal
foil 1 15 15 Inlet sleeve 16 Qutlet sleeve 17 Rapid plug-in connector 18
El ectrical insulating layer 20 Distrilggion chanber 20 21 Coll ection
chanber 22 Distribution chanber b Channel width t Channel depth s Channel
interval (bar width) 25 r Residual foil thickness f Wdth of structured
area on the net dRefetsince NumerBdgst: pl at e t hi ckness

Metal foil

Channel

Micro-structure cooler .

CPU processor

Base plate

Thermal contact surface
Thermal conductivé adhesive

10 CPU carrier plate

W O N O 0 A~ W DN =

Cover plate

-
[=]

Inlet distribution space

(=
(=

Outlet distribution space

-
N

Edge of metal foil 1
15

-
(3]

Inlet sleeve

-
[=2]

Cutlet sleeve

-
-

Rapid plug-in connector

-
(=]

Electrical insulating layer
20  Distribution chamber
20 21 Collection chamber
22 Distribution chamber -
b Channel width
t Channel depth
s Channel interval (bar width)

25 Residual foil thickness

e e |

Width of structured area on the metal foil 1

g Base plate thickness



27-Mar-2007 39 Patent clainms: 1. A mcro-structure cooling device (3) for
an object (4) to be cooled, said cooling device (3) conprising ao gtaaka2067
at least two netal foils (1) and one base plate 5 (5) that can be brought
via a thermal contact surface (6) into thernmal contact with said object (4),
said netal foils (1) and said base plate (5) being joined to one another,

t he cooling device (3) further conprisif9 channels (2) for cooling nedium
in said nmetal foils (1), said channels (2) having a width b in the range of
from 100 to 2 0? ﬁ% a depth tin the range of from25 to 1,000 pmand a 10
mean i nt er vEREN Ha range of from50 to 1,000 pm a residual foil
thickness r resulting fromsaid channel s (2) in sai d netal foils (1) bei ng
in the range of from 50 to 300 pm gsaid_base ate% hawng

t hi ckness gi'n A MEO-gHYEtURR cqqhaaqdez'@e ?t) orampljept{ft) sheco dcGoglRG r uct ure
cooling devi ceieQfcetBPédM dafs.@aeta@ta@mﬁbawmmalfé@é @i)aﬁ&eﬂa%séislefeht sai d
channel interval s, said resid hi ckness r and said base plate

t hi cknes8 g bdPhihabean be Bewoblida athermal pentaetesisface (§)dslo thermal kentagool i ng
medi um in sai hd ucture
cool i ng devi cgvﬁg% g&%&i(\i %%Jo(ﬁ)ahaﬁaﬁ)#g}(ﬂvﬂzﬁﬂtbg%aﬁate gﬁanng, de%pt%h I't,

sai d channel ianeanetiersthe<sapling dsvickud) furtbier cemprising ssammetan(@) Eaicdolingase pI ate

t hi ck b L h
terperat ur o of ekl ke ftaEe chy o ol @F RS pAI DL lr0e of (e
cool i ng medi urof froowd 003toi )08G boh, a](cdebimgndmma]?ge(oﬁfrommni 00 pr.anda 4. ghe
- t one o rec sai
T U4 5 Pt i o S B
r eSIh d?ﬁl t f oi | resltmm@m@a%ard @tfwhtneal(d) inaaRr méat fbngfm %@"mfd i the haﬁig@g:f ﬁrddnUSt ed
suc at a caqqling_ capa o vaol une evi ce .e.,
"cool i ng conpat ﬂégQ Hm, ?ﬁ”d ?%f’ basq @%@t(sbhwﬁi %ﬂ?! €58 94p ﬂ?%(fJ@H frofh
200 to 2,000 pm.

a

15 2. 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 pressure loss for the
cooling medium in said cooling device (3) is minimized.

20 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.

25

4. The micro-structure cooling device of any one of the preceding claims, said
channel width b, said channel depth t, said channeli 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

30 at least 2 Watts/cm?® is achieved.



27-Mar-2007 40 5. The mcro-structure cooling device of any one of the
preceding clainms, said channel width b, said channel depth t, saiyg_ IEQ?—%W’
interval s, said residual foil thickness r and said base plate t hickness g
bei ng adjusted such that a "cooling capacity per volunme and AT" of at | east
0.1 W(cnB K) is achieved. 5 6. The mcro-structure cooling device of any
one of the preceding clains, said changgl wdth b, said channel depth t,
said channel interval s, said residual foil thickness r and said base plate
t hi ckness g bei ng adjusted such that a specific, pressure |oss-normalized
cool i ng cap&eithg mBicrasstructiarstcootinaydeviay gf@ng ong of the precedingclaires;said 7. The

T Or 0- SUT UCt UTchaRhAR 1Sl e ) Sai onb il BRI i haldTB rof 1

channel wi dth sal channe annel I nterva
residual foil thicknessmend saldah@s@piat@ thiaknesp igeheing adjusted ssicly thatarigpaiogust ed

such that a heabadg, 1d.ABRERL AGARRCILY 0l Q9 NEH SKERR. i BGNT eved at a

maxi mum di f f erence”in errpe ature be en sard the act surface (6)
and the 8ooling nmedium flowing in said cooling device (3) of 10 Kat a flow

quantity for, the coo hrou h said n the
e oF 1 b Bl By boliiR b6 S hi Eof of B beledf bt b0 moar . 20
8.h The mcro- aihéuﬁ%lwlﬁthm@blmadﬁwd@tm‘ samchenncaelmitet\/@esmam:méldnel fellai s,
the rati o. cha ne

wi dt to sai d nean t erval being in
Lhe range of * EGHSE Fn seiq s mats i Es g bermtadiiaed-sueh Rt aeteclior ng
devi ce of any messufd Ids8foRhaIREicasling GpaBity 4@ legshannel width b to residual
foil thickness r ratio being in the range of from2 : 1 to 5:1. 10. The

m cr o- sfPuct ur? ¥WHeam’ nd< d'e/m"&)e'séf?h'QYSﬂ one of the preceding clains, said 30
channel width b being in the range of from 200 to 500 pm

7. 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 heat

15 transfer capacity of 200 Watts/cm? is achieved at a maximum difference in
temperature between said thermal contact surface (6) and the cooling medium
flowing in said cooling device (3) of 10 K at a flow quantity for the cooling
medium through said cooling device (3) in the range of from 0.01 to 3 L/min
and at a pressure loss of at most 100 mbar.

20

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
from15:1t025:1.

25 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
30 channel width b being in the range of from 200 to 500 pym.



27-Mar-2007 41 11. The micro-structure cooling device of any one of the
preceding clainms, said channel depth t being in the range of frogy%ﬂ }Qoépo
pm 12. The mcro-structure cooling device of any one of the precedlng
clainms, said 5 nmean channel interval s being in the range of from 150 to
300 pm 13. The m cro-structure cooling device of any one of the preceding
clainms, said residual foil thickness r4ibeing in the range of from80 to 120
pm 10 14. The micro-structure cooling device of any one of the preceding
clainms, said thickness g of said base plate being in the range of from 500
to 1,500 prit1. Tise migie-strbettiee eealingtdgrice obany ere atthiegeecsdingglaisesafl t he

precedl ng cl HH?meF tl‘"ﬁg@m of 4 '!aﬁ&é ?Eﬁ@ﬂ%qgﬁg ace creat ed in said

channel s (2) el ng ger t an sal er mal nt'act surface (6). 16. The
m cro-structure cool i ng device of any one of the preceding clains, said

Snother - o021 SRS sECle (atind b SR, B% fnE Brek B, 50 e
precedi By cl amean chanrehatervalspeingimheatndeafstormrE0itmBe ueh. st ri buti on space

(10) and at |east one outlet distribution space (11) for the cooling
medi um 18. The mcro-structure cooling device of claim17, all channels (2)

connect i ng BThemidrd-structupd c&liﬁ? dedics aF dn%&h@bf tﬂb%ﬁ'édé@lﬂ'fid Qéirr@P@éiG (10) and
on the outlet sjde to said outlet distri 19. The

ution ace :
mi cr o- st r uct ufesidEBJPIl HickNess £ Letha in e rgnae affrennaﬁoﬁte 1?? P(W 18, further
conprising at |east one first connecting support and | east one second 30
connectlng su port, said at |east one first connecting support being
connect’® o Raxmicrenstruetyes cenliagideviee ofiary ene)of therpregesing ¢laios. s#id sai d at

| east one secg f sl B2se B BORETH iBGaiuPBCrém 38079 12R0AR! ed to sai d
at | east one OL&P %/% ?rlebut?é @ P ?w m M
15. The micro-structure cooling device of any one of the preceding claims, the area
of a heat exchange surface created in said channels (2) being larger than said
15 thermal contact surface (6).

16. The micro-structure cooling device of any one of the preceding claims, said
channels (2) in said metal foils (1) running largely parallel to one another.

20 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
25 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
30 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



20. The mcro-structure cooling device of any one of clains 1 to 16, wherein
said 5 netal foils (1) are interrupted at approximtely the heigg_agnﬁﬁﬁhd
thermal contact surface (6) by at |east one distribution chanber ? 3,
wherein all channels (2) connect at their one end to said at |east one

di stribution chanber (20) and wherein the cooling device (3) further
conprises at | east one collection chamzer (21) within said cooling device
(3) to which all channels (2) are 10 connected at their other end. 21.The

m cro-structure cooling device of claim?20, wherein two groups of channels
(2) are provi 6@Hechag syrRperieingeonnectedda said atleasp ong eutstctisdbutignd wher ei n at
| east one cog#ﬁg;@qp chanber (20) is enbodied as a gap between said two
groups. 15 22.The mcro-structure cooling device of claim?2l, the wi dth of
said gap (20) being in the range of fromb50 to 2,000 pm 23. The

' - st ' i.ca. af , al . . t.h 20
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10 connected at their other end.

21. The micro-structure cooling device of claim 20, wherein two groups of channels
(2) are provided that run essentially parallel to one another and wherein at least
one collection chamber (20) is embodied as a gap between said two groups.
15
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 pm.

23. The micro-structure cooling device of any one of claims 20 to 22, further
20 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).
25
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
30 herein described with reference to and as shown in the accompanying

drawings.



