10 May 2007 1 APPARATUS AND METHOD FOR FLUID-BASED COOLING OF
HEAT-GENERATING DEVICES Field of Invention 5 The present invention relates g NG y %H‘f
cooling of heat-generating devices, and more particularly, to an apparatus and a method for cooling
multiple chips using fluid. Background The demand for compact, high speed, and multi-functional
semiconductor devices or 10 chips, as they are commonly known, is ever increasing. As these chips
are shrinking in size and performin ma%tasks atlhigi:h speeds during operation extremely high

amounts of heat afeR LE’S%B@TQ}&& dv k@'ﬂ frieke dh%@dﬁé%ﬁ@n IQ;\QH-WJ%QE, the heat must

be efficiently extracted to lower theptgrppeEtug=ef A ehinsey peegrjuired level. A conventional
cooling technique involves mounting a heat 15 dissipating material, such as a heat sink, onto the

surfaces of the chips to dissipate the heat. Another cooling technique requires mounting the chips on
a printed cirgyi|dpepravdnaB), and running coolant over the exposed surfaces of the chips. Yet another
cooling technique requires mounting the chips on a PCB over througgh-holes_in the PCB. Coolant is

then fedPovel BRPHSABHVERHERR SelathsIeRRHR NI A HRE (RoRIYIA 98 IBEA RSB I8V FR GO D these

techniques igdratpanic dar\susfane iaranar tad Surfese efotte SiMgsi liiptoBlass vsiiythaigoolant,
therefore limiting the amount of heat removed from the chips. Other more advanced conventional
cooling techniques are described in US Patents 25 5,380,956, 4,879,629, 5,978,220, and 5,901,037.
In US PatenBagigt &t @ multi-chip cooling method is proposed. Chips are mounted on a plurality of

substrates in_such a manner that portions of the top and bottom surfaces of the chips are exposed.

The subtrat e SR GE ASPAE o R S oA S B L0 TGRSR Rl the

coolant s in giiptaat Wity dre exipassily peGlonsiobilke inpeaasithpoienthstefacies afdtlkeritkipg thereby

extracting heat from the chips. A limitation of thi(%_t chniggje lies.in the sequential an ysﬂerigl flow of the
t

coolant over th& 2R AL REEITTR! A% TG B3 Eral (hEDr SRRESSH SHHRGS ORFAUNL £RYG WBhips
mounted on jhnswesifdies arcangadl yownrsiteamTef Keegltwspathigy dperational and durable,

the heat must be efficiently extracted to lower the temperature of the chips to a
required level. A conventional cooling technique involves mounting a heat
15  dissipating material, such as a heat sink, onto the surfaces of the chips to dissipate the
heat. Another cooling technique requires mounting the chips on a printed circuit
board (PCB), and running coolant over the exposed surfaces of the chips. Yet another
cooling technique requires mounting the chips on a PCB over through-holes in the
PCB. Coolant is then fed over the bottom surfaces of the chips via the though-holes.
20  The disadvantage of these techniques is that only one surface or a partial surface of
the chips is in contact with the coolant, therefore limiting the amount of heat removed

from the chips.

Other more advanced conventional cooling techniques are described in US Patents
25 5,380,956, 4,879,629, 5,978,220, and 5,901,037.

In US Patent 5,380,956, a multi-chip cooling method is proposed. Chips are mounted
on a plurality of substrates in such a manner that portions of the top and bottom
surfaces of the chips are exposed. The substrates are arranged inside a module so that
30  when coolant flows through the module, the coolant is in contact with the exposed
portions of the top and bottom surfaces of the chips, thereby extracting heat from the
chips. A limitation of this technique lies in the sequential and serial flow of the
coolant over the different chips mounted on the different substrates. This means that

the chips mounted on the substrates arranged downstream of the flow path of the



10 May 2007 2 coolant are not effectively cooled. This is because by the time the coolant reaches
these chips, the coolant having extracted and retained heat generated by the chips upstream is not
therefore capable of effectively cooling these chips. A further limitation lies in the W&yMay S8p€ are
mounted on the substrates. Significant portions 5 of the surfaces of the chips are used for adhering the
chips to the substrate. Thus, it is not possible to expose the entire surface of the chips to the coolant.
US Patent 4,879,629 describes a method for concutrently cooling a plurality of integrated circuit chips

mounted on $P8ARE AR REMREGhE FaRIBY: JausikyRESBYRRL LY IABIEHIRR SRR ERRTEE between
the elongateghdijas @i i ptHeEalibo Rhbeay Fgks«tidteen drRliic@ffeeahsinkp MR RHasNeRkt @galurality of

heat-conductinﬁg[éstu s that are attached to the Iurz%plge( of integrated circuit chips for receiving heat
t

generated byRAEEIRel§r A1ty BREETRTENRD2RE | ATULTREINAYS @PERD ANSs pe e mOuAtEdn a

substrate angrinatRPREAIR teeCREPIBE iR apidrdlatedidietreklipiatads. ksiph ey dieiirg coolant

thereonto, thereby indirectly cooling the chips. In US Patent 5,901,037, elongated micro channels are

formed i a SBRESHEASE OB ANEAMES T BFhioa4PaHERIOF GlUBS EbtaRHSTats thFBUyH e micro

channels forngpqietiig fhexpest trereriie digmdndheéaiggeinasosysational cooling techniques, the
coolant either does not cool the heat-generating devices directly but through intermediate materials or

extracts heat 25 only from a portion of the surface of the heat generating devices. Thus, the cooling of

the devices iggeptigtediterthe mausatiptdeahibmiateinadintarrontsriatonag dissipateyobthe amount

of heat the coolant is capable of extracting, respectively. Therefore, the amount of heat removed
using the coVERRUFEAPHRAGALPR TIRHRLES 5 AR HtrorbRiSiRuASBEHEH oA PRRALERRER that there

is a neggl fortaruvay ichandeRUateledisaipade hradlbiematdactisyrdacepditimhephganairéingisevices in the

limited physical space that is available. 10 May 2007 3 Sum
mitec phy Ipﬁljra’cl)ty of hea‘é Sﬁ’ﬁ(Sl are attachegl ){o a pIuraI?tL)J/ 0?1

r
ﬁe%t-conducting studs that are
attached to the plurality of integrated circuit chips for receiving heat generated by the

integrated circuit chips.

15 In US Patent 5,978,220, chips are mounted on a substrate and the substrate is coupled
to a cold plate. The cold plate is kept cool by flowing coolant thereonto, thereby

indirectly cooling the chips.

In US Patent 5,901,037, elongated micro channels are formed in a substrate that
20  carries one or more transistor dies. Coolant is fed through the micro channels for
extracting the heat from the dies.

In the foregoing conventional cooling techniques, the coolant either does not cool the
heat-generating devices directly but through intermediate materials or extracts heat
25  only from a portion of the surface of the heat generating devices. Thus, the cooling of
the devices is restricted to the amount of heat the intermediate materials can dissipate
or the amount of heat the coolant is capable of extracting, respectively. Therefore, the

amount of heat removed using the conventional methods is limited.

30 From the foregoing description, it is apparent that there is a need for a way to
adequately dissipate heat from the surface of the heat-generating devices in the

limited physical space that is available.



In accordance with a first aspect of the invention, there is provided a method for fluid- based cooling of
heat-generating devices, the method comprising the steps of: mounting a heat-generating device onto
a first portion of the surface of a first 5 carrier; spatially displacing the heat-generatib@ Beyi&Offém the
first portion of the surface of the first carrier for forming a first channel therebetween; stacking a
second carrier and the first carrier; spatially displacing the second carrier from the first carrier for
forming a 10 second channel between a portion ofthe surface of the first heat-generating device and
a portion of tPiEM3E¥%e of the second carrier; enclosing at least a portion of the second catrrier, the

heat-generafingcderafcnitiab firsttageet idnrefitverdtioh caisieisprevinise duntBoeopiFwfiuid into the
enclosure and into at least one of the first 15 and second channels, the cooling fluid being

substantially?8f&direali)heeahernas RN JausES e BB RS IR EeirEB Y ooling at least one

of the heat-generatifguitevice g ineashgnrwictentsst ARKtigeebiher shefangaet bedfifgtcarrier and
the portion of the surface of the second carrier, wherein heat generating devices are mountable only

on eactPof tf8"H6Ftion of 20 the surface of the first carrier and a portion of the surface of the second

carrier, the portionsphtkf puifasecaigheditsdgajsieriaigusvhetaniialinpisdteptetmnddaeieg the same
direction as the _portion of the surface of the second carrier. In accordance with a second aspect of the

invention, th&Yd356P5U8dY St Lo dontuRt g StEAINEIHASER Ry of heat-generating devices,

the cooling assembiysckriy RrisieicechraeeandatieXihgaagearerating device mounted on a first portion of
the surface of the first _%nrrier_; 30 a first channel formed ??/;P%tgiezll displacing the heat-generating
8P % Bl

device from  the firSPRUHISndIRIAS1 88 HAESBEIRE fiALTIEG HEE r TOU NS E first and
second garrisssoate ankd hetddaw 2PoBaf the surface of the first heat-generating device

and a portion of the surface of the second carrier;
enclosing at least a portion of the second carrier, the heat-generating device
and at least a portion of the first carrier; and
introducing cooling fluid into the enclosure and into at least one of the first
15 and second channels, the cooling fluid being substantially electrically non-conductive
and for extracting heat from and thereby cooling at least one of the heat-generating
device and at least one of the first portion of the surface of the first carrier and the
portion of the surface of the second carrier,
wherein heat generating devices are mountable only on each of the portion of
20  the surface of the first carrier and a portion of the surface of the second carrier, the
portion of the surface of the first carrier being substantially parallel to and facing the

same direction as the portion of the surface of the second carrier.

In accordance with a second aspect of the invention, there is provided a cooling
25 assembly for fluid-based cooling of heat-generating devices, the cooling assembly
comprising:
a first carrier;
a heat-generating device mounted on a first portion of the surface of the first
carrier;
30 a first channel formed by spatially displacing the heat-generating device from
the first portion of the surface of the first carrier;

a second carrier, wherein the first and second carriers are stacked:;



a second channel formed by spatially displacing the second carrier from the first carrier, the second
channel being the space between a portion of the surface of the heat-generating device and a portion
of the surface of the second carrier; and an enclosure for enclosing at least a portiongf fa5\segomd
carrier, the heat- 5 generating device and at least a portion of the first carrier, whereby cooling fluid is
introduced into the enclosure and into at least one gf the first and second channels, the cooling fluid
being substantially electrical[é{P non- conductive and being for extracting heat from and thereby cooling

at least one of the hESEEhERaM fRMES AasasaltyAspldngotirecanthediiel Is8¥%nd carriers,

10 wherein hgat egfiRrating GevikeerarmMeeghifR aphcOnB@retno therthaitsmued dhgaserégce of the
first carrier and a portion of the surface of the second carrier, the portion of the surface of the first

carrier being/%&\BLHERRRAIAYARMIES AT RORIPRT tBsfTanRR el sacend 58Hish #dhe surface of the

second carrier. 15 lhagrase@acrivitichbim aseest fihbieonventiensiberne iativelapechaamethod for
fluid-based cooling of heat-generating devices, comprising the steps of: mounting a heat-generating

device ohto SEHEERBELRSY I6F @ AL IRAcb R Y YRR OB LI BFrSE ety displacing the heat-generating

device from the firsiupertion @fdiey ARislidacecalitee e aardatissuterandentofisicabponebf
therebetween, the heat enerating device bein _substantial_:[@received_within a concavity, the

concavity beifiy THSHABE RTGAR LA ISe M BOURGIAL IR O3HAT SURGBRNA the 'S first

Cagiehr, Gftt |e@§h@@ﬂg§%@fﬂﬁﬁdg‘§? @&&@&@hﬁh@ﬂdfﬁgﬂﬁd%%ﬂ@?@r@]@?{i@@ﬁ@@ﬂBfgeafow@@nd carrier

and the first carrier; 25 spatjally displacing the second carrier from the first carrier fqor forming a

cocond char B CERTELHG B0 O BT D PR SO hE RO LGRE SR a porton of

the surfgce of the sgeeRdrcAgiEgerrRlosNGAldaasicanisuitian|ofoly sAceRA catfiepdhfohedt-generating

device and at leasf a po tiﬁn ,ff the first carrier; and B%ntrodu%ir@ cgﬂiggﬁjluid into the enclosure and
& Gk 58i

into at least BfeSHFiAfE fistneAUsECanNeT ARdrhBR UL Yobind f BRI e frically
non-conductpeetiondfferextifatingfhratiraraaner therePsupsatitiglbt fpastane afdiadiegptigenerating

device and at least. one of thehfirst Ip_ortiop ﬁf the surf of the H st carrier and the
same direction as the portion of the surface of the second carrier.

15 In accordance with a third aspect of the invention, there is disclosed a method for

fluid-based cooling of heat-generating devices, comprising the steps of:

mounting a heat-generating device onto a first portion of the surface of a first
carrier;

spatially displacing the heat-generating device from the first portion of the

20  surface of the first carrier for forming a first channel therebetween, the heat
generating device being substantially received within a concavity, the concavity being
formed in the first carrier and defining the first portion of the surface of the first
carrier, at least a portion of the first channel extending within the concavity;

stacking a second carrier and the first carrier;

25 spatially displacing the second carrier from the first carrier for forming a
second channel between a portion of the surface of the first heat-generating device
and a portion of the surface of the second carrier;

enclosing at least a portion of the second carrier, the heat-generating device
and at least a portion of the first carrier; and

30 introducing cooling fluid into the enclosure and into at least one of the first
and second channels, the cooling fluid being substantially electrically non-conductive
and for extracting heat from and thereby cooling at least one of the heat-generating
device and at least one of the first portion of the surface of the first carrier and the



10 May 2007 4 portion of the surface of the second carrier, the concavity being shaped and
dimensioned for the passage of the cooling fluid therethrough, wherein heat generating devices are
mountable only on each of the portion of the surface of the first carrier and a portion of the surface of
the second carrier, the 5 portion of the surface of the first carrier being substantially pé@ah’@)fozgﬁa
facing the same direction as the portion of the sur[gce of the second carrier. Brief Description of the
Drawings Embodiments of the invention are described hereinafter with reference to the 10 following

drawings, inROFHOR PIGINE sHBTRsS Bfodies&ReRIHhI GREHEVIdIP oPANEBVIMgRERG SBAPSE abrdance

with a first emmgmgqgmﬁei@g%?'@rﬁfﬁﬂﬁcgoﬁlngm@ giecshseggienal front view of the cooling
assembly of FIG. 1 illustrating the electrical interconnections between the various elements of the

cooling 15 assemBNPEERH. PEA3R0ETE NG S8 \EERSi BT RaMAHBIRAECR BT RiBREA Tr fifcRBBAR P Eissembly of

FIG. 2 “|UStfﬂiH"ﬂJﬂP@:@'@Piﬁ@ﬁiﬂﬁ%ﬁ?ﬂ@ﬂ@ﬁﬂ%ﬂ9d¥ﬁbﬁ&ﬂﬂﬁ@%Mﬁé@iﬁfeﬂﬁé%ﬁtﬁl@fcéh@ﬁ%@ng
assembly; FIG. 4A shows a cross-sectignal front view of a cooli_nﬁ assembly in 20 accordance with a

second embBefilER ol eurioeh AbMNeTtSt A8rdRbRRING Sstantaliy marelg R anet AT IR Peane B--B of

the cooling agnemipitwi-iSthéAortion 6CIRhaME e TP sesirnalrbiettom view from the plane C--C of
the cooling assembly of FIG. 4A; 25 FIG. 5 shows a cross-sectional front view of a cooling assembly

in accordance with a third embodiment of the invention; and FIG. 6 shows a cross-sectional front view

of a cooling gssermekeipdrtPsdane® raithrgdourth embodiment of the invention. 30 Detailed
Description An efficient quid-E@?d cooljnrg'; ap‘gr)]aratus aﬁd a method for_(‘gooli?g heat-generating
n

devices accErARPIB S HinfdhtYPIHE InFEnt T HRe e SEFRIBY L iR LS ToTpReE T the

10  following drawings, in which:

FIG. 1 shows a cross-sectional front view of a cooling assembly in accordance
with a first embodiment of the invention;

FIG. 2 shows a cross-sectional front view of the cooling assembly of FIG. 1
illustrating the electrical interconnections between the various elements of the cooling

15  assembly;

FIG. 3 shows a cross-sectional side view from side A of the cooling assembly
of FIG. 2 illustrating the electrical interconnections between the various elements of
the cooling assembly;

FIG. 4A shows a cross-sectional front view of a cooling assembly in

20  accordance with a second embodiment of the invention;

FIG. 4B shows a cross-sectional top view from the plane B--B of the cooling
assembly of FIG. 4A;

FIG. 4C shows a cross-sectional bottom view from the plane C--C of the
cooling assembly of FIG. 4A,;

25 FIG. 5 shows a cross-sectional front view of a cooling assembly in accordance
with a third embodiment of the invention; and

FIG. 6 shows a cross-sectional front view of a cooling assembly in accordance

with a fourth embodiment of the invention.

30 Detailed Description
An efficient fluid-based cooling apparatus and a method for cooling heat-generating
devices according to embodiments of the invention are described hereinafter. The
description is provided with reference to the figures of the drawings, wherein like

elements are identified with like reference numerals.



description is provided with reference to the figures of the drawings, wherein like elements are
identified with like reference numerals. 10 May 2007 5 A fluid-based cooling assembly 10 according to
a first embodiment of the invention is shown in FIGs. 1, 2 and 3. The cooling asse g;[o i (d ges an
enclosure 12 bonded or otherwise attached to a substrate 14 to form an outer casmg(,gy 8%%& ivy of
chip carriers 20 (a-c) on which a plurality of heat-géenerating devices 26 (a-c) is mounted, 5 and a
distribution carrier 30. A concavity (shown but not indicatedrtéz reference numeral) is formed in each

of the pluralify BrichiaesARPERDARSEQbS ety AiBe R,/ 6TEBAHENEL GHGD Y BtAR iSlurality of

heat-generafngiAeivitas 261 thesping. The @uiRingaaiagnblyrafareRiddaknieatesusing 8Bridegitu molding
process compatible 10 with the conventional chl%)%ackaging process and preferably made of materials

such as mefiIQUFANIRE AUA BRI FHRREARISL AV AR AR AP 4BICRT BBntaRIHE QT FAY outer

casing serveg e EPESEY bip WARKAS @GR iBIRG QR HemarR chiAsed De (gnrylRsHisuARdas an inlet
16 for receiving coolant and an outlet 18 for expelling the coolant, in which the coolant is used for

removing th&Hba: HSHiNLieg Ko7 mlar £ SR SRRYR Wb EQL Ialigaied i%: BEH he outlet 18

are preferabhflisR@Pses forpesite teseRchHrotheniviihl e dnlehis tapaied 2n airessitigaptitig enclosure
12 and the outlet 18 located on the opposite side of the enclosure 12 as shown in FIG. 1. Although

other arrangFiTRMIBINE SRIGEHBALMIG QARCLNERHANM B B6RIS PRIAH PRINAFERBIRE or the

coolant to flow in the cooling assembly 10 when entering by the 20 inlet 16 and leaving through the

outlet 18. This arrangement also enhances heat dissipation by alleviating the trapping of the coolant
inside the entIERHETSPRLISRETEHRY TEPRRIEC SSTHE08 ML BERFESIRAZIBUDI positoned

optimaily onvihe sidesoidhtoanctpspisadikatingaseningandchexerlingritacopinatefalstiesmore, there
exist pressure differences betwe&%]the inlet 16_aatﬁd the outlet 18. '|'he various .25 structures inside the

cooling assemByets; BESHSH A0S LK SRSt e WRIGT AT SRRAD G FPOLAN HTiHdenb®s. The
coolant is prefgsatlysgneadkings Wedbist 1Thipypaokayte soakileing-oneudrmaieie- ghipsp (Taekshown) and

e TR ol Che'S &AL S AT SRRalake 18 Rrgpaffs auied o
coolant, in which the coolant is used for removing the heat generated by the heat-
15  generating devices 26 (a-c). The inlet 16 and the outlet 18 are preferably disposed
opposite to each other with the inlet 16 located on one side of the enclosure 12 and the
outlet 18 located on the opposite side of the enclosure 12 as shown in FIG. 1.
Although other arrangements are also possible, this arrangement provides multiple
parallel paths for the coolant to flow in the cooling assembly 10 when entering by the
20  inlet 16 and leaving through the outlet 18. This arrangement also enhances heat
dissipation by alleviating the trapping of the coolant inside the enclosure 12. The
enclosure 12 may also have multiple inlets and outlets, each positioned optimally on
the sides of the enclosure 12 for receiving and expelling the coolant. Furthermore,
there exist pressure differences between the inlet 16 and the outlet 18. The various
25  structures inside the cooling assembly 10, as well as the viscosity of the coolant cause

the pressure differences.

The coolant is preferably pumped into the inlet 16 by an external close-circuit micro-
pump (not shown) and distributed into a plurality of channels 24 that are generally
30  parallel and further redistributed into a plurality of upper sub-channels 24a and lower
sub-channels 24b that are also generally parallel, and finally out of the outlet 18 to a
heat exchanger (also not shown). However, the invention is not limited to a closed-
circuit micro pump system. The coolant expelled from the outlet 18 can be channeled

to other modules to be used for other purposes. That is, the coolant is not being



sub-channels 24b that are also generally parallel, and finally out of the outlet 18 to a heat exchanger
(also not shown). However, the invention is not limited to a closed- circuit micro pump system. The
coolant expelled from the outlet 18 can be channeled to other modules to be used faoa¥zgr PoOPOSES.
That is, the coolant is not being 10 May 2007 6 pumped back into the cooling assembly 10. As the
coolant passes through the various channels, it comes into contact with the various structures inside
the cooling assemb%‘?lo, thereby efficiently removing heat from the various structures. The coolant is

preferably mHBRSADABIAAAFIRING GRtTRVe fluid s RS ANFPASIP S PRt 19, VBNie87, FCaa,

FC77, and thadirson!tendyimtd benklet Gompras e fatribtiscaarameideltab Sepmng dsahniijhout
causing electrical short-circuit to the heat-generating devices 26 (a-c) being cooled. Furthermore, the

fluid may und@rdBestRsETEICING B UINTRFBE AT RR HRGOLS THHYELHES o 8 £842Rh dSHluid enters

the enclosurgrdighfnmagbateRBiexitally AbptbeidinemPpRich & nevedhwintiedyG@22 changes
from 10 liquid intoégas at about 56 degrees Celsius. Hence, it is possible that the FC72 enters the

enclosure 17 frithd ififiadhrf 2R BGLKRSW igdlvid oTRERE SRIRMAG: i elh 58PaRlFe inside the

cooling assegpbiysHim§OHdegraatdue sisind e Ritrrldl sherbanaeis &t indornadbyerRage created by
stacking the Ei)‘?lu_ralit of 15 chip carriers 20 (a-c) and ngtially displacing or separating each chip

carrier from HRY1GHEP K37S) SRIPAIEP VL ar FRHRE PRIES ﬁ%"@l’EW@ng@?h@E%%%eéﬁs formed

by the spacefke@marnstioeckptngesuTiase pf dhacbipesatier|dipeardsthe RIsuIiRCEGH dhe distribution
carrier 30 with the one of the channels 24 extendipg within the c ncra\é%% Another one of the channels
ipDuti

24 iis formedPP¥h @ SEHHENARRNhe BBtEYADB!SultdE B Y WAl fibr €198 HRbMthe

substraig 1?ufm)1a nétU@@Waﬁfabdbaﬂlﬂelﬁegﬁeiﬁ osmies. bMﬁR%}?ﬁh%mibm;tﬁéwkﬁmhﬁ miém@lityl of lchipf
carriers 20 (a-c) and spatially displacing or separating each chip carrier. from the other by a plurality o
carrier conndUFRIBSEE L2 (ShiE  HCHIEHT 2K bl i 565, Toe S 8356IELH HE botiom

surface of therabiagarsitisifiatancotimtop snitsiga ofisthe dbigtediGeRioarrier 30. Another one of the
channels 24 is formed by the space between the bottom surface of the distribution carrier 30 and the

substrate 14. Each of the heat-generating devices 26 (a-c) has a plurality of input-output ports,
The plurality of channels 24 is formed by space created by stacking the plurality of

15  chip carriers 20 (a-c) and spatially displacing or separating each chip carrier from the
other by a plurality of carrier connectors 22 (a-c). One of the channels 24 is formed
by the space between the bottom surface of the chip carrier 20a and the top surface of
the distribution carrier 30 with the one of the channels 24 extending within the
concavity. Another one of the channels 24 is formed by the space between the bottom

20  surface of the distribution carrier 30 and the substrate 14.

The plurality of channels 24 is formed by space created by stacking the plurality of
chip carriers 20 (a-c) and spatially displacing or separating each chip carrier from the
other by a plurality of carrier connectors 22 (a-c). One of the channels 24 is formed
25 by the space between the bottom surface of the chip carrier 20a and the top surface of
the distribution carrier 30. Another one of the channels 24 is formed by the space

between the bottom surface of the distribution carrier 30 and the substrate 14.

Each of the heat-generating devices 26 (a-c) has a plurality of input-output ports,
30 hereinafter referred to as chip contact pads 38 (a-c) as shown in FIG. 2. The heat-
generating devices 26 (a-c) are mounted on the chip carriers 20 (a-c) as shown in
FIGs. 1 and 2. Depending on the size of the chip carriers 20 (a-c) and the heat-
generating devices 26 (a-c), it is possible to mount more than one heat-generating

devices on each of the chip carriers 20 (a-c). Each heat-generating device 26 (a-c) is



30 hereinafter referred to as chip contact pads 38 (a-c) as shown in FIG. 2. The heat- generating
devices 26 (a-c) are mounted on the chip carriers 20 (a-c) as shown in FIGs. 1 and 2. Depending on
the size of the chip carriers 20 (a-c) and the heat- generating devices 26 (a-c), it is p%i{%?tgd@?unt
more than one heat-generating devices on each of the chip carriers 20 (a-c). Each heat-genérating
device 26 (a-c) is 10 May 2007 7 spatially displaced from the surface of the respective chip carriers 20
(a-c) by a plurality of chip connectors 28 (a-c). Alte?natively, if each of the heat-generating devices 26

(a-c) has leathégHy sdisplaraslfromptiepsitiacs fe His eapeouvEi ey CrBiie 28 fhB% espective
chip carriers?Qréfitg) of"cHilS ¥enieERed I SUbARGNRE S\ SaeheatatOydhegsRacgtiRgtween the

top surface of the respective chip carrier 20 (a-c) and the bottom surface of the respective

heat-generafiRY ChSvice B6Slaes Jeidy feuseI@s daPELRUII NS JBE J6BIE B DLW created by

the space belyrperdheo e rdfeas/OtHIp casResohient-Deihe )0 &rYitend {abcirrnddhe bottom
surface of the respective chigfcarrier 20 (a-c) with the exceptiaon of the upper-most chip carrier 10 20c,

whereinhe tpp&t HEAIRIRY J1aseaom0rea BRdRS e Qe resRRelva sy BT EEIRAg of the
enclosure 13z6)shieihdbbitemlsurhRCiptrarriepe i éaneatajenerefie by ivade of-siigsingubstrate.

Each of the tgéluralitg of chip carriers 20 (a-c) has carrier contact pads 36 (a-c), carrier traces 33 (a- 15

c) and 34 (atB§$5attarRe Far B HRPY Pekeeappelisddits LRSS B 118 SPASRh ASRERIRS of carrier
vias 31 (a-C)tfprsusR@SINBEGRRNRLIRs has-SeAWRNGFISRe8Nd-3) dntfthe Shiews sufessoBectional

front view of the coolin_(\;/ assembly 10 iIIustrz%tin the electrical infe connections between the various
[

elements of 1@ 'SBRAHY 8%?9&%.295@9 WHBHRCLYFERUAL EidBRAE-RER FY QR of the

cooling @sseroblywHerafh ithstippiarchiim edegisicalditieions ectpnsheaipme sibenainiglements of the
cooling assembly 10. F rther,gTach chip carrier 20 (a-c) has a plurality of carrier intermediate

bly.
connectors éae(ﬁé/ﬂj% yﬁl?ﬂ ﬂ?}%‘? &g\ﬁe?}r]%ﬁbm éﬁpljreral contact pads 35 (a-c) disposed on a

portion pf a sur'face of the respective chip carriers ZQ (a-c) for rgceiving electrical signals frqm the
a2 s e T
carrier 20 (agtyislfigr seckipicgriers 20 (a-c) has carrier contact pads 36 (a-c), carrier traces 33 (a-
15 c) and 34 (a-c) patterned or laid on the surfaces of the chip carriers 20 (a-c), and a
plurality of carrier vias 31 (a-c) for use as interconnectors as shown in FIGs. 2 and 3.
FIG. 2 shows a cross-sectional front view of the cooling assembly 10 illustrating the
electrical interconnections between the various elements of the cooling assembly 10.
FIG. 3 shows a cross-sectional side view from side A of the cooling assembly 10
20  illustrating the electrical interconnections between the various elements of the cooling
assembly 10. Further, each chip carrier 20 (a-c) has a plurality of carrier intermediate
connectors 32 (a-c) and a plurality of carrier upper peripheral contact pads 35 (a-c)
disposed on a portion of a surface of the respective chip carriers 20 (a-c) for receiving
electrical signals from the respective carrier connectors 22 (a-c) or the respective
25  carrier traces 33 (a-c). The plurality of carrier surface contact pads 36 (a-c) disposed
on another portion of the surface of the respective chip carrier 20 (a-c) is for receiving
electrical signals from the respective chip connectors 28 (a-c), and a plurality of
carrier lower peripheral contact pads 37 (a-c) disposed on yet another portion of the
surface of the respective chip carriers 20 (a-c) is for receiving electrical signals from
30 the respective carrier traces 34 (a-c) or the respective carrier intermediate connectors
32 (a-c). The plurality of carrier intermediate connectors 32 (a-c) connect electrical
signals from the respective carrier upper peripheral contact pads 35 (a-c) to the
respective carrier lower peripheral contact pads 37 (a-c). The plurality of carrier

traces 33 (a-c) connect electrical signals from the respective carrier surface contact



electrical signals from the respective chip connectors 28 (a-c), and a plurality of carrier lower
peripheral contact pads 37 (a-c) disposed on yet another portion of the surface of the respective chip
carriers 20 (a-c) is for receiving electrical signals from 30 the respective carrier tracgé %ﬁ@ogr the
respective carrier intermediate connectors 32 (a-c). The plurality of carrier intermediate connectors 32
(a-c) connect electrical signals from the respective carrier upper peripheral contact pads 35 (a-c) to
the respective carrier lower peripheral_contact pad$ 37 (a-c). The plurality of carrier traces 33 (a-c)

connect eleREaRSdAZS FPolReResPEsR (R teh rHRPEUPRAIRD BiGh (E11a¢ MR AJ0fR-R pdd¥ 36 (a-c) to
the respectiva faliieiof RRETPaFHRRE 9 ¢aRiRsspadn i (@16 iridae sRIHERIItYoRh GRéTieEERESE 34 (a-C)

also connect electrical signals from the respective carrier surface contact pads 36 (a-c), but to the

respective caatTSWER e AMaraIPRShBRAEdssr 19-HYe PSRV RHIREA U PR arhe use of
the plurality ghhfarpadstraces-SpthirotlAnte3dathiet) sadenendent andhessesiuiremidigf de electrical

routing of the heat-generative devices 26 (a-¢). The plurality of carrier intermediate connectors 32

(a-c) and caFREHeF 333455 M (R-C) LrdFRelle s b L LS MENL 08 hakleciiicahd are

easily fabricagted s s1otee RegnenahivecgsaesKreovwcin the aitrkieleoreanier intaasdetéraces 33
(a-c) and 34 (a-c) can be fabricated using 10 known additive or subtractive metallization, $rocess such

as sputtering YRRy SAd3dRit HRTHTL AR e dC APt At AL B L helaedtdilicon
substrate or ¢badileivelratraian AEmIceASIERbHENEE S DI INRM iR dIeAbaS SRy RibA/Tavices 26

(a-c) can alsg be 15 fabricated on the chip carriers Ogt-c using the conventional integrated circuit
(abrication b ASscE P70 MR A B i T o1 S U Chhors 20 (a-0)
no longer onneRIVadHtPASIIV IRFHETSe DUbRIEARISONCARSHS GllBRIRg iR @SySYbIitatiag for
fabricating other heat-generating active semiconductor devices thereon. 20 The distribution carrier 30

is preferably Ligp %Bﬂ ubstrate. The purpose of the distribution carrier 30 is to distribute the
plurality of electrical signals it receives from or transmits to the plurality of heat-generating devices 26

(a-c) via the%ﬂ{é%“%e chip carriers 20 (a-c) are made of silicon substrate or the like substrates,
semiconductor devices other then the heat-generating devices 26 (a-c) can also be

15 fabricated on the chip carriers 20 (a-c) using the conventional integrated circuit
fabrication processes such as etching and lithographic processes. Therefore, the chip
carriers 20 (a-c) no longer only serve as passive carriers, but are also capable of being
used as substrates for fabricating other heat-generating active semiconductor devices
thereon.

20
The distribution carrier 30 is preferably made of silicon substrate. The purpose of the
distribution carrier 30 is to distribute the plurality of electrical signals it receives from
or transmits to the plurality of heat-generating devices 26 (a-c) via the various
connectors and carrier traces for connecting to a plurality of substrate contact pads 17

25  on the substrate 14 as described in more detail hereinafter. The distribution carrier 30
is spatially displaced from the substrate 14 by a plurality of distribution carrier
connectors 40, thus creating one of the plurality of channels 24. For heat-generating
devices with a low number of input-output ports, the distribution carrier 30 may not
be required. The chip carrier 20a is also capable of being used as a way of

30  distributing low-density electrical signals. The distribution carrier 30 has a plurality
of distribution carrier bottom contact pads 45 disposed on the bottom surface and a
plurality of distribution carrier top contact pads 46 disposed on the top surface of the
distribution carrier 30. Connecting the distribution carrier bottom and top contact

pads 45 and 46 are a plurality of distribution carrier intermediate connectors 42 and a



connectors and carrier traces for connecting to a plurality of substrate contact pads 17 25 on the
substrate 14 as described in more detail hereinafter. The distribution carrier 30 is spatially displaced
from the substrate 14 by a plurality of distribution carrier connectors 40, thus creating Ongagf 2007
plurality of channels 24. For heat-generating devices with a low number of input-output ports, the
distribution carrier 30 may not be required. The chig carrier 20a is also capable of being used as a
way of 30 distributing low-density electrical signals. The distribution carrier 30 has a éplurality of

distribution lHiRHHRIHSEHHHED FaEEes3rarsR S48PBA D B8 EBRYELIAEE nd dNBIdralfeor
distribution caiglitprEORGhoRss 4areisPesadmndhiadan saidags afdhemdissributisncatieer 30.

Connecting the distribytion carrier bottom and top contact pads 45 and 46 are a plurality of distribution

carrier interrfREGHEALSIARal JRE Ay U™ O'MEYIBBE R tha SRR GI¥E B IRAPULOREATH S es 44a and

44b as showgptied-Kas- sh@nfsGidR PRl ©f st iMBianCaiseibbatemaeastaptaaisdk transmit or
receive the electrical signals received from or transmitted to the respective distribution carrier traces

44a andPdistFSHPErAGr ParibesBARPENE dRPHIRIB N CHAST iPRdFmEdit 5TRBNFRSPRSIVAL to the

respective sdpstiiatesipeiactnasmdoforiagine respective distribution carrier connectors 40. For
example, with reference to FIGs. 2 and 3, in the electrical connection of a heat- generating device 26b

having four input-output ports or chip contact pads 38b, the 10 four chip contact pads 38b of the

heat-generatigg gevigte2 Gltareroemectedtaihe ehtp3:arigie20bcthicatabrifefdw ality péahip
connectors 28b. Each of the chignﬁonnec ors 28b connects the rerglf%ective chip cq?nta pads 38b to

t
the respectiREREIAHEOTRYARR 200Ul Sa R B AR S MRS o URSFOMGCL 1B ﬁ(%qf%iérﬁ%ls
therebebveefouf BRipcbipteoNsRRIeD dBlhalReafuntitoning dsRacesia e eatpaias ohrtvean the bottom

15 surface of the heat-generating device 26p and the top surface of the chip carrier 20b, thereby
P ey o R s e T e
heat-generafipy denieets theisdalissifiatechifo abiigspHacaswidhiichespagiveratingdeviea@6b and

heat is also transf t ighbori hi j 20b and 20c by radiati b
conducton VAECHEIIRY SRR L0 A 46 2D B EH SAINEr 2061 RS ool passes

through the lghercsnhectoasnshb2dido function as a spacer to create space between the bottom
15  surface of the heat-generating device 26b and the top surface of the chip carrier 20b,
thereby forming the lower sub-channel 24b for the coolant to pass through. Heat

produced by the heat-generating device 26b is dissipated from the surfaces of the
heat-generating device 26b and heat is also transferred to the neighboring chip carriers

20b and 20c by radiation as well as by conduction via the plurality of chip connectors

20 28D to the chip carrier 20b. As the coolant passes through the lower sub-channel 24b,

it comes into contact with the bottom surface of the heat-generating device 26b, the

chip connectors 28b, and the top surface of the chip carrier 20b and removes the heat

therefrom.

25  The electrical signals at the respective carrier surface contact pads 36b are transmitted
to or received from the respective carrier top peripheral contact pads 35b through the
respective carrier traces 33b that traverse the top surface of the carrier 20b.
Alternatively, the electrical signals at the respective carrier surface contact pads 36b
can be transmitted to or received from the respective lower peripheral contact pads

30  37b through the respective carrier vias 31b and the respective carrier traces 34b that
traverse the bottom surface of the carrier 20b. These electrical signals are further
transmitted to or received from the chip carrier 20a through the respective carrier
connectors 22b which electrically connect the respective carrier lower peripheral

contact pads 37b and the respective carrier upper peripheral contact pads 35a. At the



it comes into contact with the bottom surface of the heat-generating device 26b, the chip connectors
28D, and the top surface of the chip carrier 20b and removes the heat therefrom. 25 The electrical
signals at the respective carrier surface contact pads 36b are transmitted to or received from the
respective carrier top peripheral contact pads 35b through the respective carrier traggs\aip 2oat7
traverse the top surface of the carrier 20b. Alternatively, the electrical signals at the respective carrier
surface contact pads 36b can be transmitted to okdeceived from the respective lower peripheral

contact pad<S A6 SH18h iy el selsisaL BRI da HdPS I8SPSERVARHIHY HNsE BRI aIAt EPRIAERS 34D that

traverse the Reom8SHFéaGBrRh R CA6T 6 REBIvEDTReneIRRtic Rignalsaieriisinar piapreriited to or
received from the chip carrier 20a through the, resis_ective_ca_rrler connectors 22b which electrically

connect the FEBRSERFESAALNTNGE PR FSREFLV BN ER I 4 eT S E-eOPRSS I E R ari¥r upper
peripheral cepdagidapdsgrhgs At thiee10aMrYy A8WAr 1eeiplera oo, hagseleririepd sfanaly at the

respective carrier upper peripheral contact pads 35a are transmitted to or received from the

respective cHASMBIE DR SRENEL TN B LB tRIG AU EYSIEEH0R ERTPELAAEE htermediate

connectors fathéhdiselpatiteakaitienls®@t tracarsarivergparrhetat cestactipadisaiisudits further 5
transmitted to or received from the reslgective distribution carrier tolg) contact pads 46 of the

distribution GATHEF 36P FAMAGERAGE AR A tefiLansayLe 9 QistRbrIME? TR e s ReSINAR t pads 46

are further tréiRgibiitash teaniidepetud berathpd@snscHsughHEdKpEcERY iIgshttihCcataet pads 45
through the rescpective dq%f]tri%utio Qarr_'}ﬁ_’r traces 44a and 44b and distribution carrier E@[mediate

connectors 4RCEH%8HhAND At HFERHHER t8THerdRIETRe R P aRasRIOp At A A AR Montact pads

17 thromh thansaapestiveodipscdivioFronirine cospreataer sulidtratecelaattigridsianalsretdgheturality of
substrate contact pads 17 are then transmitted to the rei)’g tive_SLtbstrate cor}%ector .15 through a

plurality of s{ESFSHYG AR CRHHLBRET5E SHowhiF FhecaHONRl A ERHERNINOENd carrier
connectors dassribecdcahare gids siows areaalishlingseastoltheeespastiéSsuRemd doMdediersame time,

other electrical signals from the heat-generating device 26a are alsg being transmitted to or received
from differerﬂ%rjegoéﬁﬁ/g BM@E}{&? B@%ﬁé@ip%rme fate connectors (not sﬂgwr%. W]e carr?er
traces, carrier vias and carrier connectors described above are shown as solid lines as
15 seenin FIGs. 2 and 3.

At the same time, other electrical signals from the heat-generating device 26a are also
being transmitted to or received from different respective carrier top peripheral
contact pads 35a through different respective carrier traces 33a that traverse the top
20  surface of the carrier 20a, or through different respective carrier vias 31a and different
respective carrier traces 34a that traverse the bottom surface of the carrier 20a to
different respective carrier lower peripheral contact pads 37a. Similarly, other
electrical signals from a heat-generating device 26¢ are being transmitted to or
received from the respective carrier top peripheral contact pads 35c or carrier lower
25  peripheral contact pads 37c through the respective carrier traces, carrier vias and
carrier connectors in the stack arrangement as described above. The carrier traces,
carrier vias and carrier connectors relating to the heat-generating devices 26a and 26¢

and the carriers 20a and 20c are shown as dotted lines as seen in FIGs. 2 and 3.

30 Inthe foregoing example of the stacking arrangement with each of the heat-generating
devices 26 (a-c) having four chip contact pads 38 (a-c), the first chip carrier 20a
requires more chip carrier intermediate connectors 32a and chip carrier connectors
22a as compared to the second chip carrier 20b. Similarly, the second chip carrier

20b requires more chip carrier intermediate connectors 32b and chip carrier



contact pads 35a through different respective carrier traces 33a that traverse the top 20 surface of the
carrier 20a, or through different respective carrier vias 31a and different respective carrier traces 34a
that traverse the bottom surface of the carrier 20a to different respective carrier Iowg&m&{g&&
contact pads 37a. Similarly, other electrical signals from a heat-generating device 26c are being
transmitted to or received from the respective carrier top peripheral contact pads 35c or carrier lower
25 peripheral contact pads 37c¢ through the respectie carrier traces, carrier vias and carrier

connectors iRAMESRIERAN ah GRMRAEQ B8 LRKE G B SOLIEHOE AFrReER HEELS arrldeRind carrier
connectors refaieepieehf eahoemeradingHie\dsafrfaantbdat 2banteorariifrcRPARARGZ0C are

shown as dotted lines as seen in FIGs. 2 and 3. 30 In the foregoing example of the stacking

arrangemenf MBS HTheNseRGaRe MaYRG IR e Bepeyshakilg RIGFIEISH CORBLEHBAdS 38 (a-c),

the first chipreguilehf®s FaHE eRANGEAGRIMGaTEAtstenmenintiernnnaectess. SBuhneherimcarrier
connectors 22a as compared to the second chip carrier 20b. Similarly, the second chip carrier 20b

requiresmolBeCRIPPCSHILE" iRIsRIE IS SHRFEMo S D EN RFCBIRHEFTES KRSy B8 es fonnectors

22b as compased torthectbisd ehidearfier 3QC pristey of Fiectdcdineifmalor rahénsiteasednoine number
of chip carrier intermediate connectors and chip carrier connectors from one stacking level to the next

depends on (R MRALIFRE BSARRLTHP R4 UfBments of the heat-generating devices and complexity

thereof. But generally, 5 the chip carrier closest to the substrate 14, namely, the chip carrier 20a,
requires the most conn% tors to cater for the pEJraIit of elec:tricalﬂi signals transmitted to or received

from the othét CHIFBRRRRAMTASR B eTSHVAEGK'RY sHTEBedaBkiNGSatFalge éht‘lligé'*i)r‘ﬂ‘ii‘%rheat

distributgon  ¢RachaeastRyistisehicgtgearttey by Riapingenerptingidevisetisnsrnaieredite the
neighboring chifﬁ@arriers via the variQus connectors and traces, This heat distribytion characteristic is

advantageo €9 ERUAHGHR FAETETS A% UAALR SGHEGIAE GaAATAEeY YR RAARHARUHR other
heat-generating-aigsingis iRsidediageoaking sissamohly\iferina thiscgatrinad eavicennevady

concentrated at tfl%he t-generating device that 15 generates more heat, but is dispersed to the
metghborng KRS CEAATE 5 NP 5 GG dRe e e ooling assermbiy 13- In
this case, the heat is not overly concentrated at the heat-generating device that
15  generates more heat, but is dispersed to the neighboring chip carriers via the various

connectors and traces.

In the first embodiment, the carrier interconnectors 22 (a-c), the chip connectors 28
(a-c), and the redistribution carrier interconnectors 40 are preferably solder balls. It
20  will be apparent to one skilled in the art to use any of a number of alternative
connectors known in the art. It will also be apparent that the numbers of contact pads,
connectors, intermediate connectors, and traces required are dependent on the
electrical connection requirements of the heat-generating devices. As such, the
electrical connections described in the foregoing with reference to FIGs. 1, 2 and 3 are
25  merely for illustrative purposes and variations thereof are possible in accordance with

the requirements of the applications.

A second embodiment according to the invention is shown in FIGs. 4A, 4B and 4C,
wherein the effectiveness of removing the heat generated by the plurality of heat-
30  generating devices 26 (a-c) in the cooling assembly 10 is substantially enhanced with
the addition of a plurality of heat dissipation enhancement microstructures 50 and 52.
The descriptions in relation to the structural configurations of and positional
relationships among the elements described in the first embodiment of the invention

with reference to FIGs. 1, 2, and 3 are incorporated herein.



In the first embodiment, the carrier interconnectors 22 (a-c), the chip connectors 28 (a-c), and the
redistribution carrier interconnectors 40 are preferably solder balls. It 20 will be apparent to one skilled
in the art to use any of a number of alternative connectors known in the art. It will also be apparent that
the numbers of contact pads, connectors, intermediate connectors, and traces requiyjghg8007
dependent on the electrical connection requirements of the heat-generating devices. As such, the
electrical connections described in the foregoing Wh reference to FIGs. 1, 2 and 3 are 25 merely for
illustrative purposes and variations thereof are possible in accordance with the requirements of the

applications Thespegnsbesriied )ant eI a tadhejsnvaating fweeyrsitatdGs. thé c4Bliagd 4C,
wherein the effectiveness of removing the heat generated by the plurality of heat- 30 generating

devices 26 (&535Mpnd Ldissiries JErbifet slasth ef e Aty iy At Rl B dRIGEES £ plurality of

heat dissipafigr)enirapoementonicsnstsrciions e a0edRds dheelgaariionst indRlgtineriarhe structural
configurations of and positional relationships among the elements described in the first embodiment of

the inventiorfQXABES RGPt REDLIR! 1Dy Qf §HIRAETHRISr 38R R¥EaRiatignas b S £Y The heat
generated bydhguetisaiie oharn-aRe@laIgydersap eontrddbin 2BgLepling aszeivdlr theissipates

from the surfaces of the plurality of heat-generating devices 26 (a-c), The heat also transfers from the
surtaces of HRISSRNIGAD LRIPOR.I5Line it S B RSUARARY A0S SOSIABFRTHRSHAN AEARS WAPHEIS 20 (a.c) by
rﬁdiaftion as \Mﬁ_ﬂba§| Hat @@W#@figmu‘&@ré@gﬁeiue lﬂh@h@b@lm'lgxasﬁeﬁlmg/cxmmvé‘é # @ﬁt)-hmdescribﬁd in
the oregoing n re ation ta the first embodiment, the coolant comi Into contact with the various heat
Carrying ot e TR e BTG AL BP0 P 1 RSP DOt AURRIEES BF heat
re?ovabthera&mmjsammﬁﬁbutmmmdd dm(ehitqarlwgi:ectbaeéemww%fth@pmwﬁ&aaﬁ)on -
enhancement microstructures 50 and 52 to the plurality. of heat-generating devices 26.(a-c) and the
Ao e S e e R e (s Y iy s ol
dissipation eghgisemienFIGicroalruguies 30 .amrhbdranlg tabrcatelspaisatehhandiien bonded or

o e WS B ALt a s 20 (P ane 1
attached to the surface of the plurality of heat-generating devices 26 (a-c) and the
15  plurality of chip carriers 20 (a-c) respectively. These heat dissipation enhancement
microstructures 50 and 52 are preferably made of the conventional heat conducting
materials and these function in the same manner as the conventional heat sink.
However, to avoid this bonding or otherwise attaching step, which not only translate
into higher manufacturing cost but the bonding materials or attaching mechanism can
20  impede heat transfer therebetween, the plurality of heat dissipation enhancement
microstructures 50 and 52 are preferably fabricated from materials used for
fabricating the plurality of heat-generating devices 26 (a-c) and the plurality of chip
carriers 20 (a-c) to form an array of elongated protuberant members unitary with the
plurality of heat-generating devices 26 (a-c) and the plurality of chip carriers 20 (a-c).
25  The dimensions of heat dissipation enhancement microstructures 50 and 52 can vary,
but typically, these can be approximately 50 micrometers in width and 400
micrometers in height. Further, the plurality of heat dissipation enhancement
microstructures 50 and 52 are preferably disposed adjacent to each other to form a
plurality of micro-channels having width ranging from 40 micrometers to 200

30  micrometers.

It will be apparent to one skilled in the art that the above positioning and combination
of positioning the plurality of heat transfer enhancement microstructures 50 and 52 on

the plurality of heat-generating devices 26 (a-c) and the plurality of chip carriers 20



microstructures 50 and 52 are preferably made of the conventional heat conducting materials and
these function in the same manner as the conventional heat sink. However, to avoid this bonding or
otherwise attaching step, which not only translate into higher manufacturing cost %L#J me b%¢1 ing
materials or attaching mechanism can 20 impede heat transfer therebetween, the raﬁ‘lX/ at
dissipation enhancement microstructures 50 and{32 are preferably fabricated from materials used for
fabricating the plurality of heat-generating devices 26 (a-c) and the plurality of chip carriers 20 (a-c) to
form an arra{fP eBRRESIRE by SRIDRE A STE T8 ek WRISARES NN SITR ROSHIR 35hitieaghg devices
26 (a-c) andriba pigtistily @frehieeariericitstaralired ahfdivensiansraidiast thsPRatingy @thancement

microstructures 50 and 52 can vary, but t%pically, these can be approximately 50 micrometers in width

and 400 mi&‘?ﬂﬁ%?@?é%ﬁgeﬁj&m?%?@é‘f‘:q otk Hy-eraslrdap ity SRRt ewrEISESmAlErostructures
50 and 52 argypseterabiyndisRorpiasiasaidasesiaRoinaa iRyfefmeaat-BhHaktnefdaisceschannels having

width ranging from 40 micrometers to 200 30 micrometers. It will be apparent to one skilled in the art
that the bove positioning and combination of positioning the plurality of heat transfer enhancement

microstructurpsa&ébaAde2\aith the phisgbiPEheatasnarMingraeaneenal @yarg)sarfdddeptheality of chip
carriers 20 10 May 2007 13 (a-c), respectively, can be varied. For example, it is conceivable to

position addRIYFIBhELIRE AL AR HRUIESHiEPo Tt RAPRESINIAL BYAGH B8R Me plurality of
hheat-generaﬁngedwi@e?ﬂh@t(alr@i |i|_ectry;: Eiabtﬁ@amnﬁiﬁ_s%@adéét@d@;ﬁﬁi@hswia@mg hmﬁtm;ccumed by
the input-output ports of the plurality of heat-generatin vices. 5 In accordance with the foregoing
Structures, 1AM ELEEG VAR COHRE AF IR M) 6 B BB R RET LT S (o
comesJipto copiesidtihtae Romlaintathevitirgetlyootdnditaetiyyimtxenvialieukceernggtatrivhich are
exposed to the coolant. Further, as the cooling assembly 10 is filled with the coolant, every structure

10 exposed {Ber.g‘gqrg in contact with the coolant, thereby maximizing heat dissipation therefrom. A
third embodiment according to the invention is shown in FIG. 5, wherein the

A third embodiment according to the invention is shown in FIG. 5, wherein the
coolant may be directed to the regions where heat is concentrated by using under-fills
15  55aand 55b to seal off certain channels in the cooling assembly 10. The descriptions
in relation to the structural configurations of and positional relationships among the
elements described in the first and second embodiments of the invention with

reference to FIGs. 1, 2, 3, 4A, 4B and 4C are incorporated herein.

20  In the stacking arrangement as described in the foregoing, certain heat-generating
devices 26 (a-c) dissipate more heat than the others. Therefore, it may be desirous to
direct the coolant to where the heat is concentrated in order to effectively and
economically maintain the temperature of the particular heat-generating devices 26 (a-
c) at a safe level. For example, if the heat is mostly concentrated at the heat-

25  generating device 26b region as compared to the distribution carrier region and the
heat-generating device 26¢ region, the coolant may be directed to the heat-generating
device 26b region by either substantially filling the channels with the under-fill 55a or
by blocking the channel opening using the under-fill 55b as seen in FIG. 5. In this
way, a substantially lesser amount of coolant is needed to keep the temperature in the

30  cooling assembly 10 at a low level. The under-fills 55a and 55b are preferably made
of electrically non-conductive materials and these may be applied using a

conventional packaging process.



coolant may be directed to the regions where heat is concentrated by using under-fills 15 55a and 55b
to seal off certain channels in the cooling assembly 10. The descriptions in relation to the structural
configurations of and positional relationships among the elements described in the fifgj sgipnd
embodiments of the invention with reference to FIGs. 1, 2, 3, 4A, 4B and 4C are incorporated herein.
20 In the stacking arrangement as described in thggforegoing, certain heat-generating devices 26 (a-c)
dissipate more heat than the others. Therefore, it may be desirous to _direct the coolant to where the

heat is conchtiHEH FMRRUMENE RSEATRIRBaI NECHNERHCRINS BRIt He GerRpd¥AREEE dhthe particular
heat-generalipgl&lRvisasmEo {gp Buaia hafeclaval aerxXARPIR tohemeabis HosibyrAngarated at the

heat 25 generating device 26b region as compared to the distribution carrier region and the

heat-generafRg WHAEOIBEREBHOME BESRMPTH LY BE GREURSHTHRECH NG ATEFARNGNE&ice 26b

region by eithgstrrbstamialtyfibinethe shanatienyit e upskeiidibb el aiofh o crimihemehannel
opening USiQFS the under-fill 55b as seen in FIG. 5. In this Waé, a substantially lesser amount of

coolant T neleBENS R8I RS donthe FiisireSAOML 35! BBAN P 1 LReIENEORIMRe under-fills

S55a and 55brgng dpicefesatysmage 30k alegy i a@iyitPs fenciirhveatsdiaials. and these may be applied
using a conventional packaging process. 10 May 2007 14 A fourth embodiment according to the

invention is shown in FIG. 6, wherein the coolant is only applied to the regions where heat is

concentratedrpynpretdéliine 24 ranplopricab HitsRiteldsa endyfitegsiapncndlfraeejingrigingeded. The
descriptions in relatign to the structuralgc%gg ratir&%s of and positional _relati%]slag)s among the 5
i W

elements deSRY#SERI4R (AEHFLES WAk, AP: B RiREEntd RrEHa v E R, SIFgHST Ehce to FIGs.

1, 2, 3,14A, 4BpACimndddlant i0Gonerr atechber einmsthemiasikinelamatgemenfrewagoriprd in the
foregoing, certain heat-generating, devices 26 éa— idissi ate more heat than the others. Therefore, it
may be desiFGHEBIY LEAIAE L EPRAHER] the PRULEHah o bR M oA %o effectively

and economigally meirsainvidle t@mpexatipieofithd@adicularheatygeortatingdlievic@se2het@- C) at a safe

level. For example,.if the heat is mostly concentrated at the heat- generating device 26b region, the
enclosure 6OMEGUESEHBYICRAUD BRI BrRpGRgure 60 May BE prEVIded (6 encioss only e

heat-generating device 26b and the chip carrier 20b as seen in FIG. 6. In this way, a
15  substantially lesser amount of coolant is needed to keep the temperature of the heat-
generating device 26b at a safe level.

In the foregoing, although only a number of embodiments of the invention are
disclosed, it will be apparent to one skilled in the art in view of this disclosure that
20 numerous changes, modifications and combinations can be made without departing
from the scope and spirit of the invention. For example, the plurality of heat-
generating devices 26 (a-c) may be spatially displaced from the surface of the
respective chip carriers 20 (a-c) by one or more supporting structures and the plurality
of chip connectors 28 (a-c) may be replaced by alternative electrical connectors.
25  Similarly, the plurality of chip carriers 20 (a-c) may be spatially displaced from each
other and from the distribution carrier 30 by one or more supporting structures and the
plurality of carrier connectors 22 (a-c) may be replaced by alternative electrical
connectors. Furthermore, not all the electrical signals need to be transmitted to the
substrate 14. It is possible that some of these electrical signals are for communication
30  with other heat-generating devices 26 (a-c) within the stacking arrangement as

described in the foregoing.



heat-generating device 26b and the chip carrier 20b as seen in FIG. 6. In this way, a 15 substantially
lesser amount of coolant is needed to keep the temperature of the heat- generating device 26b at a
safe level. In the foregoing, although only a number of embodiments of the invention are disclosed, it
will be apparent to one skilled in the art in view of this disclosure that 20 numerous ¢hapnge007
modifications and combinations can be made without departing from the scope and spirit of the
invention. For example, the plurality of heat- generdfing devices 26 (a-c) may be spatially displaced
from the surfal®B$ the respective chip carriers 20 (a-c) by one or more supporting structures and the

plurality of chip conasiaisd2fbiFHaidaycaectRmiaged Ryaplieratie;clectienl @panestershas Similarly,

the plurality of chip carriers 20 (a-c) may be spatially displaced from each other and from the
distribution S¥A&PEO by one or more supporting structures and the plurality of carrier connectors 22

(a-c) may be replagagpyiRdiarneitvgeatealimepd RN ESTi FUBDATBMOSE iRt @ dbedtlaqirigal signals
need to be transmitted to the substrate 14. It is possible that some of these electrical signals are for

communicatf& %6 with other heat-generating devices 26 (a-c) within the stacking arrangement as

described in the forggeing Hsplaingdthe heat-trimerting daateogder thedhpasesteeeltToteé
heat-generating devices, com[Pris_in the sﬁ[ﬁ)s of; mounting a heat-generating device onto a first

portion of the"SIAFEA Bed skt as (eLiaE fosmuah /S SO thersReWERherating device from the first
portion of the surfaggcRirifia Ssstcoagidpaiarménara bastiéhannel therebetween; stacking a second

carrier and the first carri (; S atiall}/ displacing the secon? carrier from the first caér;ier for forming a 10
second channel beﬁ%@j b é)&ﬂ? 3h'"od t sﬁ?F&E& BN f%ég?-gfgﬁblfzfﬁﬂﬁrdfé\ﬂ Q" AHY Pportion of
the surface gttbaderamnibcastigteanciosiignabianst et et aidhersesandeasriginghéebigat-generating
device and at least a_gortion of ti}e firs% %arrier; and .
and a portion of the surtace of the second carrier;
enclosing at least a portion of the second carrier, the heat-generating device
and at least a portion of the first carrier; and
introducing cooling fluid into the enclosure and into at least one of the first
15 and second channels, the cooling fluid being substantially electrically non-conductive
and for extracting heat from and thereby cooling at least one of the heat-generating
device and at least one of the first portion of the surface of the first carrier and the
portion of the surface of the second carrier,
wherein heat generating devices are mountable only on each of the portion of
20  the surface of the first carrier and a portion of the surface of the second carrier, the
portion of the surface of the first carrier being substantially parallel to and facing the

same direction as the portion of the surface of the second carrier.

2. The method as in claim 1, further comprising the step of expelling the cooling

25  fluid from the enclosure.

3. The method as in claim 2, wherein the step of enclosing the heat-generating
device and the at least the portions of the first and second carriers comprises the step
of forming an enclosure having an inlet for introducing the cooling fluid thereinto and

30  an outlet for expelling the cooling fluid therefrom.

4, The method as in claim 1, wherein the step of mounting the heat-generating
device onto the first portion of the first carrier comprises the step of using a connector

for interconnecting an electrical contact pad on the heat-generating device and an



introducing cooling fluid into the enclosure and into at least one of the first 15 and second channels,
the cooling fluid being substantially electrically non-conductive and for extracting heat from and
thereby cooling at least one of the heat-generating device and at least one of the first portion of the
surface of the first carrier and the portion of the surface of the second catrrier, Whereiljl&%ﬂbéﬂwating
devices are mountable only on each of the portion 8f 20 the surface of the first carrier and a portion of
the surface of the second carrier, the portion of thtsurface of the first carrier being substantially

parallel to arfFRAERY SAREBEHATE ANdleiEiFshRqAE PGt Sirisceseifhedict FRr I vABERARS. 2. The

method as ifigdaitnhetess e RREAREMNEHIR OB, Of expelling the cooling 25 fluid from the enclosure.
3. The method as in claim 2, wherein the step of enclosing the heat-generating device and the at least

the portions of the first and second carriers comprises the step of forming an enclosure having an inlet
for introducinmg the qopling e d5ereikmaad Wi @houbeléer sxgritinnythrspreing thadhsherefrom. 4.

The method as in claim 1, wherein the step of mounting the heat-generating device onto the first

portion f the¥RLAG e eI Rbe L Ry en eigeSteane el & i shearElsh SerpiF e Mectrical
contact pad gaghsg hsiayareemirRgtoeCsHans §rkp IManFZORdatlfreaingalaaséagbrathen the first

portion of the surface of the first carrier, wherein the first connector is electrically conductive. 5. The
method as if 'ﬁﬁﬁﬂrﬂf)()\/ﬂtep%?r?'fﬁf@‘:&gﬁ@Fgﬂéii‘éﬂ‘ﬁf'ﬁ'isplacing the heat- 5 generating device from the

first portion of the surface of the first carrier comprises the step of using the connector to spatially

displace the heat-geperati evice fram the first portion of the surface of the first carrier. 6. The
ethos as i ctair VRV Gherfof Bt Sl 1 e e SAFHEICAHG STOAH A Latior

comprisgs theestEpOCHGRE acravigstanéosisietFonsiagtingcannetesitrienl tasiesinead @ aportion of

the surface cg the.second carrier and an elec \A/I]Eal contact pad on a second %cation of the surface of

the first carri@f i 15 SARBH PALENAR OGS OWRERHH 3R Till) SPEMLiSH 8k éi’ﬁﬁ'ﬁ‘ig'gétond 15
carrier from Hoatitsipadroies cocontipestibe citeme of Hateotchneatneto spatially

7. The method as in claim 6, wherein the step of spatially displacing the second
15  carrier from the first carrier comprises the step of using the connector to spatially

displace the second carrier from the first carrier.

8. The method as in claim 1, further comprising the step of:
spatially displacing a third carrier from the second carrier;

20 mounting a heat generating device onto the second carrier, the heat generating
device being spatially displaced from the second carrier for forming a third channel
therewith and for further forming a fourth channel with the third carrier, the cooling
fluid further passaging through the at least one of the third channel and the fourth
channel; and

25 substantially impeding the flow of the cooling fluid through at least one of the

first and second channels.

0. The method as in claim 8, wherein the step of substantially impeding the flow
of the cooling fluid comprises the step of substantially filling at least one of the first

30 and second channels with an electrical non-conductive material.

10. The method as in claim 1, further comprising the step of coupling a heat
dissipation enhancer to a portion of the surface of at least one of the heat-generating

device, first and second carriers.



displace the second carrier from the first carrier. 8. The method as in claim 1, further comprising the
step of: spatially displacing a third carrier from the second carrier; 20 mounting a heat generating
device onto the second carrier, the heat generating device being spatially displaced f{gnthe ssgpnd
carrier for forming a third channel therewith and for further forming a fourth channel with the third
carrier, the cooling fluid further passaging through the at least one of the third channel and the fourth
channel; and 25 substantially impeding the flow of the cooling fluid through at least one of the first and

second chantfels. T AEWBVRHRAAGRS 48 Flaimids WHREIBiAHH 818k Bl AR RNEG A BRHt ifipRBRghe flow of
the cooling fhiiHapeEnRURRF RS GieRaS sHhStANI LY tagHt east Arrssihlipigihatanteecond

channels with an electrical non-conductive material. 10. The method as in claim 1, further comprising
the step of cBERSHpRAfOHTEBHCAIEI drthBrRlereR RIS 168 tHESL AL SRE AR E R Eone of the

heat-generating device, first and second carriers. 10 May 2007 17 11. The method as in claim 10,
wherein the step of coupling a heat dissipation .enhancer comprises the step of unitarily fabricating the

heat dis3ipatién enAarfQY 8nfSHERBNAILnsEY it PastHiccRM I th @ h el aRRe NG deRNEReSsirst and

second carrigggprididgA cooling assembly for fluid-based cooling of heat-generating devices,
comprising: a first carrier; a heat-generating device mounted on a first portion of the surface of the first
carrier; 10 a first cHAHRYSBHREd by spatially displacing the heat-generating device from the first

portion of the surfagenettiyeriéiatiogrtevice sesaneocarrerirsthsiriothd tiistsardeespi gasters are
stacked; a second channel formed by spatially displacing the second carrier from the first carrier, the

second charfti&'Bleing the space between a portion of the surface of 15 the heat-generating device
and a portion of thesFwdacranhéheoserarsl epaiRilyadplacing the heat-generating device from

the first portion of the surface of the first carrier;
a second carrier, wherein the first and second carriers are stacked;
a second channel formed by spatially displacing the second carrier from the
first carrier, the second channel being the space between a portion of the surface of
15 the heat-generating device and a portion of the surface of the second carrier; and
an enclosure for enclosing at least a portion of the second carrier, the heat-
generating device and at least a portion of the first carrier,
whereby cooling fluid is introduced into the enclosure and into at least one of
the first and second channels, the cooling fluid being substantially electrically non-
20  conductive and being for extracting heat from and thereby cooling at least one of the
heat-generating device and the at least the portions of the first and second carriers,
wherein heat generating devices are mountable only on each of the portion of
the surface of the first carrier and a portion of the surface of the second carrier, the
portion of the surface of the first carrier being substantially parallel to and facing the
25  same direction as the portion of the surface of the second carrier.

13.  The cooling assembly as in claim 12, wherein the enclosure comprises an inlet
for introducing the cooling fluid thereinto and an outlet for expelling the heated
cooling fluid therefrom.

30
14.  The cooling assembly as in claim 12, further comprising a connector, wherein
the first connector interconnects an electrical contact pad on the heat-generating
device and an electrical contact pad on the first portion of the surface of the first

carrier.



an enclosure for enclosing at least a portion of the second carrier, the heat- generating device and at
least a portion of the first carrier, whereby cooling fluid is introduced into the enclosure and into at least
one of the first and second channels, the cooling fluid being substantially electrically non- 20
conductive and being for extracting heat from and thereby cooling at least one of the ﬂ@é\"@éﬁ&%mg
device and the at least the portions of the first and ggecond carriers, wherein heat generating devices
are mountable only on each of the portion of the surface of the first carrier and a portion of the surface

of the secon®carridMHROHBRIBIS BB a8 iaIF 1he MK HPBPHEING S 6HRISARAIY BelRiNel to and

facing the 2 samefireditRAs thedesineces e sletaraIctsAmeesra0FAH Rbrign Tdfetreoling
assembly as in claim 12, wherein the enclosure comprises an inlet for introducing the cooling fluid

thereinto an§AREAELHESEXYMITRY1RE ANE-AB £ 1o HAL NG THRA A3, 586014, RAHALETi M assembly

as in claim 1g,facther teempisHigie connector, wherein the first connector interconnects an electrical
contact pad on the heat-generating device and an electrical contact pad on the first portion of the
surface of the first carrier. 10 May 2007 18 15. The cooling assembly as in claim 12, further

comprising a gonneptercoBliaiEissdmd IFecant RAMNECRIFRE ermnestian electrical contact pad on a
portion of the surface of the second carrier and an electrical contact pad on a second portion of the

surface of the first GifHEFCaI8r sRIUbL D 1aced Hem Be Re9amhfa8 further comprising a third carrier

Zpatlially gifSplaCﬁd érﬂaaﬁ%@r@mmgidéa:ﬂ@m@uh&aﬁ_@ﬁeﬁr@ié@iﬂwﬁ&%m@ﬁ%ﬁmﬁﬁa@?mﬂaﬂyf )
|Sp ace rom the secon . carrier r Tormi at Ira Cc nnel t rewit an Oor turther Ormlnga ourt
channel 10 GAXHSPTHETRA BANIFD CABMRL HEtEIR RS JAC LUrfes tAruh AR s Shanaele of the

third channehainditeeriirdrdaehantel,caoim fllgiofeursmersiassaiivdgittingLgh |l eastoraseidie dirst and
second Chantﬂeelt ifrC)JchanneI and the fourth channel; and
a filler for substantially filling at least one of the first and second channels for
impeding the flow of the cooling fluid thereinto, wherein the filler being made of
electrical non-conductive material.
15
17.  The cooling assembly as in claim 12, further comprising a heat dissipation
enhancer coupled to a portion of the surface of at least one of the heat-generating

device, first and second carriers.

20 18. The cooling assembly as in claim 12, the heat generating device being
substantially received within a concavity, the concavity being formed in the first
carrier and defining the first portion of the surface of the first carrier, at least a portion
of the first channel extending within the concavity and the concavity being shaped

and dimensioned for the passage of the cooling fluid therethrough.

25
19. A method for fluid-based cooling of heat-generating devices, comprising the
steps of:
mounting a heat-generating device onto a first portion of the surface of a first
carrier;
30 spatially displacing the heat-generating device from the first portion of the

surface of the first carrier for forming a first channel therebetween, the heat
generating device being substantially received within a concavity, the concavity being
formed in the first carrier and defining the first portion of the surface of the first

carrier, at least a portion of the first channel extending within the concavity;



impeding the flow of the cooling fluid thereinto, wherein the filler being made of electrical
non-conductive material. 15 17. The cooling assembly as in claim 12, further comprising a heat
dissipation enhancer coupled to a portion of the surface of at least one of the heatienapBED device,
first and second carriers. 20 18. The cooling assembly as in claim 12, the heat generating device being
substantially received within a concavity, the concaggy being formed in the first carrier and defining
the first portion of the surface of the first carrier, at least a portion of the first channel extending within

the concavity and tRECORE AR BKl ¢ EeApRE thlirsisfEHEloned for the passage of the cooling fluid

therethrough. 25 19pAtigIgthdighiatitigidHeases s@UiraQf heai-arnenating feyi¢ss.f6ampgsing the
steps of: mounting a heat-generating device onto a first portion of the surface of a first carrier; 30

spatially dispRIRE HaNNEARERREAGnRPHACE B AR P b SN I St R -eNe 81 dRY SR st carrier

for forming axfiesi pbaTUIEOtHeshEAreen HBedient @snerating device being substantially received
within a concavity, the concavity being formed in the first carrier and defining the first portion of the

surface 9f the first EA1P8IN% AeleepbaBRfitiANoPkHBerPEE XML AR X DR IR WRRFFAHNY SYeSRiity: 10 May

2007 18a stankiigeasseqsuitl o tbarfiest gadrier; spatially displacing the second carrier from
the first carrier for forming a second channel between a portion of the surface of the first

heat-generating deViFQIRNS FRAMNEH BrHIR Lo R S AU e ashiPfideas anRIGEiHY ditlast a

portion of therpsemEanianclseleasaRtemRinadayiamsitiatjedst rinaryionmtim fisiearier; and
introducing cooling fluid into the enclosure and into at least orrl'e of the first and second channels, the

cooling fluid BEHG sEERaHA%IRERI LR A AR ERRYNE oL 1RPTH OB (AR FHaREIAIRGd thereby
cooling gt legstizeeand thel@eabaerdraientrst portion of the surface of the first carrier and the

portion of the surface of the second carrier, the concavity being shaped and

dimensioned for the passage of the cooling fluid therethrough,

wherein heat generating devices are mountable only on each of the portion of the

surface of the first carrier and a portion of the surface of the second carrier, the
15  portion of the surface of the first carrier being substantially parallel to and facing the

same direction as the portion of the surface of the second carrier.



10 device and at least one of the first portion of the surface of the first carrier and the portion of the
surface of the second carrier, the concavity being shaped and dimensioned for the passage of the
cooling fluid therethrough, wherein heat generating devices are mountable only on each of the portion
of the surface of the first carrier and a portion of the surface of the second carrier, ihéap Zion of
the surface of the first carrier being substantially paggllel to and facing the same direction as the
portion of the surface of the second carrier. APPARATUS AND METHOD FOR FLUID-BASED

COOLING OF HEATPERRERRTING ME/IDPS h&rakeRdbE ) abiddNe B fluid-based

cooling of heat-generating devices gieadissiogek ATheat ganeating device is mounted on a carrier.
The heat-generating device is spatially displaced from the surface of the carrier, thereby forming a

channel. The heat-generating device and the carrier are enclosed in an enclosure having an inlet and
an outlet. A substantially electrically non-conductive cooling fluid for introduction into the enclosure
and intothe ERSHREE and expulsion from the enclosure and for extracting heat from and thereby

cooling the heat-generating device and the carrier. Figure 1. . .
Method and dpparatus for fluid-based codling of heat-generating devices are

disclosed. A heat-generating device is mounted on a carrier. The heat-generating
device is spatially displaced from the surface of the carrier, thereby forming a

10 channel. The heat-generating device and the carrier are enclosed in an enclosure
having an inlet and an outlet. A substantially electrically non-conductive cooling
fluid for introduction into the enclosure and into the channel and expulsion from the
enclosure and for extracting heat from and thereby cooling the heat-generating device
and the carrier.

15

Figure 1.



	HEAT-GENERATING DEVICES 
	Field of Invention 
	Background 
	Summary 
	Brief Description of the Drawings 
	Detailed Description 

