- €3eNJJKSL@.f bN6NTN j ; 1 APPARATUS AND METHOD FOR FLUI D- BASED COCLI NG OF
HEAT- GENERATI NG DEVI CES Field of Invention 5 The present Hmmwmmmmm“llﬁl ates
generally to the cooling of heat-generating devices, and larly,
to an apparatus and a nmethod for cooling nmultiple chips usingsdidoui d.
Background The demand for conpact, high speed, and nulti-functional

sem conductor devices or 10 chi as they are comonly known, is ever

S,
i ncreasing. As tﬂ#’é’ﬁ‘%’ﬁU@éhﬂ?M]&"ﬁQHlﬁ% IDrBASER COAEING: Qg many t asks

at high speeds, during opergriAg0GEXNERENG BEVIcR§OUNt s of heat are usually
generated. To keep these chips operational and durable, the heat nust be

efficiently extracted to | ower the tenperature of the chips to a required
|l evel . A CORY&RbLE R0 ool ing techni que involves mounting a heat 15

di ssi pating mat erl:?la?!ltw(sﬁuc as a heat sink, onto the surfaces of the chips
to di ssi pat dhe hrsdng atventamatlaies gmmlllwmfgtm@ohlmquéleat@qmratag dewigns, iand) t he

chips on a cui nin ant .ov t he
exposed sur ace]éa (:fu?atrﬁ %aﬁ B@a?JtVe%r' anoétﬂllﬁoadqgrc%?g n%m 1t fc%ﬁ:nlps ae" g‘(ﬁ]ﬁll res

nounting the chips on a PCB over through-holes in the PCB. Oool ant is then

fed over th ottom surfaces of the chips via the though-holes. 20 The

di sadvant ag g?ﬁ@e techni ques is that only one surface or a parti al

surface of ﬂhedahamlsfor sompaci bigh apdedyardnmiiltidutiohs BEmicohtRc®ef dévicek b ting t he

anmount ved from g?fchlp Q her . nore advapced c%nventl onal
slgge

cool i ng {)ecﬁ éilaée WELRMYD TPRETEIRING. A 1BesgEAIPE BYS shynigng 609

5,978, 220, an@lz&a&i)ﬁermmglmaxysadﬁataeﬁtghap&aﬁz,&:516 operdtidd éxtehiely @0l i Ng
nmet hod i s proposed,. Chips are nounted_on a R?ura ity of substrates in such

a manner t hAWOWES pf WE‘“&F‘S‘EW gewssetetha T beapdhsse GP‘P%E%%atB’F‘altar‘i‘é duppblss are

exposed. TheneSkdas iudt BS eflcRnfl [RRARMY IoNRWLE R RS Of adhigOohen
cool ant flows through the nodule, the coolant is in contact wth the

exposed por f5agHed devel he A spnveRHOIsh O8NS (gohRigE iBYOlvdsemonRtg, at heat eby
extract 89 RRG&hatlleMidAE sGEH RS heht Jlﬂknlntlt@ttﬁeos'ﬂrfgées Bplhg c??g Hﬂh&ﬂﬁ Jthes in the

sequential and serial flow of the coo ant over er ent |ps nount ed
on the diff &eaintArnties coplingstechmique neguirgs mavating the chlps on a printed CIrcmt

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

[
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2 the chips mounted on the substrates arranged downstream of the flow path
of the coolant are not effectively cooled. This is because by the tine the
.cool ant reaches these chips, the cool ant having extracted and retai ned heat
generated by the chips upstreamis not therefore capable of effectively
cooling these chips. A further 5 Iim'tgltion lies in the way the chips are

nounted on the substrates. Significant“portions of {he surfaces of the
chi ps are uftScehiRS Mok o gher fibsteats parapgedy davnstigsst phhe. flopn gath qfithe 5 ot

possi bl e t 0:831RR%e: hoterRBlvelEccoid a6R iPbedal® BRSO HeNBoRACkANes US
Patent 4,879, 629 describes a nmethod for concurrently cooling a plurality of

10 i nt egr at &yseFhipuithe eonlgpd havingesercd adgabined dedd. seyppisd by thekhipved by
passi ng cookaheath g o hnGbBRNElpanik Fc{f”@iﬁc@&‘eﬁ%’%@&lin&hﬁe&' ahgat od sidnas of a

plurality of heat sinks. The plurality of Heat sinks are attached to a
plural ity ofinfiaten lesmrithe tap ghesrhing sretreumtedron the suheitaéad. Signifisentpotiioas i ty of

i ntegrated ¢j i i Al ner. ha+w. | nt.egr at ed
ciront £ ahi oo R B R e T Bt r et e
and the substtrmssble ¢ expogs thelentioe wirfaed of the ciips.to Fheodaitd pl ate is kept cool
by flow ng coolant thereunto, thereby indirectly cooling the chips. 20 In
US Patent 5,901, 037, elongated mcro channels are fornmed in a substrate

t hat carri e¥JSoRaewr 4,ATH,@9t datrsbes taomethoé sfor Comuaraidtlyl sodliag 4 pluealiggh of he m cro

channel 5. for_extracting,the heat fromth .es. Int f oregoin

convent 18naim T bl FRIBEY P buBRant s B SR HHOtE S8 e 25
heat - geneL atﬂra@hftmﬁrfe&sfodﬁddeﬁt\&eﬁn m;elddgmw @h? bfd gln}‘m@ihc&tlﬁaﬂmﬂ@.r TRt s or
extracts heat qn rom ortion of the sur e of the heaj generatin
ovi cos. Tholerelin it biss s ot steniediovt et of B fondbidinel S HBR bt | of
heat the i nhgiciedlicahepRmlier dfah@grard cHERSIRALLS: @feitiNChalpetietatsdlbyngat t he
cool ant is capable of extracting, respectively. Therefore, the anpunt of
heat renovedEMAGCHNE CBBhventi onal nethods is linited. 30 Fromthe
foregoing description, it is apparent that there is a need for a way to

adequately dissipate heat fromthe surface of the heat-generating devices
inthe lim ﬂ@HSd’Ew DAT8. Baetups dig mopafedyginp pubstrate and the syhstrgte & qopplad cor dance

with a fi ISty @%ﬁpfjlagf Tfn@%ollirb\fﬁ@tig Qébt cB&eB}ﬁﬂi)@inBrc%Xfaglefﬂel%oﬁfg} ﬁ‘l@l@b}fl or fluid

indirectly cooling the chips.

20 In US Patent 5,901,037, elongated micro channels are formed in a substrate that
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
25  heat-generating devices directly but through intermediate materials or extracts heat
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.



‘based cooling of heat-generating devices, the nethod conprising the steps
of : mounting a heat-generating device onto a first portion of the surface
.of a first 5 carrier; spatially displacing the heat-generating device from
the first portion of the surface of the first carrier for formng a first
channel therebetween; stacking a second carrier and the first carrier;
spatially displacing the second carrie? fromthe first carrier for form ng
a 10 secondSEWHMEE| between a portion of the surface of the first

heat - gener ap Ngodgnde %thaafﬂstaasﬁ%éf (‘t;ti r;d‘i’é“in%ntiﬁ)ﬂ Ghéid 'isf}g&\ﬁidé?ifa héifoSREARK- carrier;

encl osing at |east a portion o e second carrier, the heat-generating

devi ce and hesefl eepding af heat-gensratiog deviees.fthe methedeqmipsisingdkeostépsof:oduci ng cool i ng
fluid into the e r nd L0 - t ort ¥6nd | g second
channel s, wherei %8%:&@%838?{‘%8&%% %R’?cé%g%basft?%ﬁ%(’?{éx{y e% %Jcrfa%?ég F‘{} non
conducti e amdei;s for extracting heat from and thereby cooling at |east one

of the heat gene[at] deyi.ce t at. | i . of first
and second carri &r é%ﬂ}?crlllg@%cér&ﬁ H%rrlh%%t %l% frﬁan g%?:%n%&gstgée)@%m 8’?’ ﬁio eOfitE(genti on,
t here is preowmtfaedf the Gmotarrigr fB0foasme atfirsy chapnelfthar¢tadtemsed cool i ng of

heat - generati ng deyices, the cooli ssenbly conprising: a first carrier;
a heat-generatin c:g‘é‘\%iacsgc ﬁﬁ?‘gﬂargﬂg%gﬁsﬁagfﬂ’porti on of the surface of the
first carver; 25sptidlly 8ispladimniel seboddredriryfrempahé dirdt catties gbrtormingt hie
heat - gener ati ng, devi fromthe.fir portion of .the surface of the first
carri or 105 SO ARAORR el e ook e Sptpee ol A ish BeaeRea e AP ey o
stacked; a sgCopéttiehanhesurfaed sREe R¥orkiatriegl | y di spl aci ng the second carrier
fromthe first carrier, the second channel being the space between a

portion of the sEfcloslg abieasior porbion ghihegesnaf £orrieh e veat@ensiing d5¥F¢ i on of

the surface  ff at18r SREQLIGRY firsCarriecRMngNCl osure for enclosing at |east a
portion of the second carrier, the heat generating device and at |east a

portion of the finfregucing gooling flyiddnto the enclosure and info at least one of the first
15 and second channels, wherein the cooling fluid is substantially electrically non-

conductive and is 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.

In accordance with a second aspect of the invention, there is provided a cooling
20  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;
25 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
30 the heat-generating device and a portion of the surface of the second 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; and



4 cooling fluid for introduction into the enclosure and into at |east one
of the first and second channels, wherein the cooling fluid is
.substantially electrically non conductive and is for extracting heat from
and thereby cooling at | east one of the heatgenerating device and the at

| east the portions of the first and second carriers. 5 Brief Description of
t he Draw ngs Enbodi nents of the i nventfon are described hereinafter with

reference to thecqobng Suidnyr drteodngiign intp theyprciqsuremng, intp af depsjsong of the

cross-secti gRgbnd (QBid WaaMAIQ wiRrehPRE iceai@smﬁml NibitshtBRF SlOABAR nb- Wi th a
first enmbodi nent of the invention; FI G shows a cross-secti onal front

vi ew of t hecensiptivggng ssfengsitspctire heatdront and therghyr eoplingjatilénst ane of theibeatt
i nt i : i i assenbly; FIG
| nterconnec é&%ng‘a&IYlgeﬁ{a}ﬁdfﬂEhfa&Yé%Et!tﬂﬁgofrﬁ&%%Fﬁlgzﬁrﬁfa%c; &t‘é%&f)éahi ) y

3 shows a cross-sect e vie romsi e cooling assenbly 15
of FIG 2 illustrating the electrical interconnections between the various

el ement s of i.N ly: FIG 4A shows a cross-sectional front
view of a cg%{l?‘r?g&g@?%%ﬁ@%ﬁjﬁgz“ or dance with a second embodi ment of the

i nvention; EnBodifidnshofvghea imventsm- sectésonitwd hapinafiee vwith aofetenee pd ahe B- - B of
t he cooling ép ass(grnblg of E.I > 4A; FIG 4C shows a cross-sectional bottom
view fromt ﬁo OB'II% BT e cool i ng assenbly of FIG 4A, FIG 5 shows a
cross-sectional FI®Ontshaweancrofs-sctional fréig viesEaRbylinghs@aboy tlancoedancé h a third
enbodi ment of. htne igg)e&%ﬂi on;. and 25 FIG 6 shows a cross-sectional front
view of 13 cdMEdgstLetadmeyt i e P B f%ince with a fourth enbodi nent of the

invention. Detai FEH 208§ laRtdse8eofibn# fifoht ligRtof it dtiR@ 8REMBIOAFIFNG. Bppar at us
and a nethod for, cooling heat-generating 30 devices according t

0
enbodi ment s 1Ystg thegleqtiqabmtesraanertions hehuesn ks wriqus ¢lerpentsiofdheienolpg ption i s
provi ded w tfemsference to the figures of the draw ngs, wherein like

elements are identified with Iike reference nuneral s. )
FIG. 3 shows a cross-sectional side view from side A of the cooling assembly

15  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
accordance with a second embodiment of the invention;
FIG. 4B shows a cross-sectional top view from the plane B--B of the cooling
20  assembly of FIG. 4A;
FIG. 4C shows a cross-sectional bottom view from the plane C--C of the
cooling assembly of FIG. 4A;
FIG. 5 shows a cross-sectional front view of a cooling assembly in accordance
with a third embodiment of the invention; and
25 FIG. 6 shows a cross-sectional front view of a cooling assembly in accordance

with a fourth embodiment of the invention.

Detailed Description

An efficient fluid-based cooling apparatus and a method for cooling heat-generating
30 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.



T A fluid-based cooling assenbly 10 according to a first embodi ment of the
invention is shown in FIGs. 1, 2 and 3. The cooling assenbly 10 incl udes an
.encl osure 12 bonded or otherw se attached to a substrate 14 to form an
outer casing, a plurality of chip carriers 20 (a-c) on which a plurality of
heat - generating devices 26 (a-c) is nmounted, 5 and a distribution carrier
30. The outer_casing is preferably fab_?i cated using an in-situ nolding
process conpdliidbesedpeaiing puembhil8e5a5Hag tochiinst ghodirinhef the Bvedionand
preferably oRi& iRFIGRY S hidd £ BICBoRT ARLANS10 RERELs af Sncldddet 1M 6onkibde
materials, which are capable of containing fluid. The 10 outer casing
serves as aor berstisecatiaphed de laagybsteatntainfony orutescasing & phiapty. of e encl osure
12 has an i X L Vi ) : R elling the
ool ant i neurer i) ol SfiEh S RGIRL B AR s ARGGAE kel (hE) bHaRERZ, "By

t he heat §enenda distgbetonicessr 26 (a-c). The inlet 16 and the outlet 18 are
preferably di sposed opposite to each other with the inlet 16 | ocated on one
side of the enclosure 12 and the 15 outlet 18 | ocated on the opposite side
of the encl dbuoeerl@siag isshreferablyrfattioc@ed Lsindbt hesighnadding praessangeatihld s ar e

al so possible, this arrangenent, provides | tinl e paral l.el paths .for the
Cootant to P oty RoRIIRIF A i 814 gresBali RN o Siac e BBl PC 18
and | eavi ngad imenlsgpladtiog and tHedike hdhteribh| whiah aergpabinéf @hamirgnfhdadhcEbe heat

di ssipatjon by alleviating the trapping of the.cool ant inside t encl osure
IS Patbo" oty Bitibereiss iy buh RROwFat: cpPlie P & mofk Uiy ot “oach
positioned emlésii! 12yha@Rntilet B B¢ SecOivirghBoRACINASM @142 & fOF exRURIMhNg and

expelling the cool ant. Furthernore, there exist pressure differences
bet ween t he cPqiiné inpghich thergealapiis used fog remedng, Hiej Rsalsederaird iy s bedtsi de the

cooling ass ?é’ﬂ&a\ﬁné@evi@e“s alc).aTht MfetVieSsaSthE Yulh 18R& sRREMN diggddse t he
pressure ditferences. 25 The coolant is preferably punped into the inlet 16
by an ext er AEROSHY Backetheryyith the wleh pulnsatehen ongristadf theraclasse 12 BBy into a
pluralify ofyghaRneksied dnhebpidsie SRR L ¥nhBhRd 18 asaiREwh Uh tHIET 1.
redistributed into a plurality of upper sub-channels 24a and | ower

sub- channel élthayght other arangemests aye @ise J10pyblpathisl dreangenzantl provivgs mpltile of t he
outlet 18 t r - - - fnvention
is not Iinm ae‘g“%g’a‘ggg‘f‘é@é‘fﬁ’?uﬁggﬁiq°(‘$‘nh21?eo&gfdrr’-%£§é3@%rln o Enterine tthé;xpel | ed
from t he outrletl6l&dckavibe thrbeghntbk edtletol 8ot Abis ampdgdmewmt also lsehansesdhdabr ot her
pur poses. That..I.s.. :the, coolant is not in ne ack .into,4 he, cooling
assenbl y 1oplsﬂgaqoﬁebyc%bergﬁ?g g‘gstgaé’glnghorfgﬁeg &)tlﬁlgr&\%édrgitg%sendos < ieinﬁlel s, it
conmes in100 emibdsact 12nanbhalsdrbaveanultpis idéts and outles, eaehipdstidred optmbllyngn assenbl y

10, thereby .efficientl eV heat. fromthe. various structures. The
cool ant o Reriss sty snelpfiiRr 20 B dking Bl rerflingahe St FUERRERY such as
f | ur o- car borthetd€jist psssurEdifferdnC@dhetrden the mid 16 hed khickautleots. | Tige fdrisud. The FC

conpound famly is. c ble 5 of absorbin eat wi thout causing el ectrical
Short-ci r curtiahyes pichBaSoybararE R B EbS e Vbiesty St Ee D et

Fur t her nor e mhetpa@sdrt diftéréiBas. under go phase changes as the tenperature
changes. Thus, in sonme cases, the fluid enters the enclosure 12 in one
phase afd exits in another. For exanple, it is known that the FC72 changes
fromliqui dThat&IRss fbfeABRYunped HRYIRENGR By dhSextcHRN eBse-¢itcuitmiB@SSi bl e
that the FC72 enters 10 the enclosure 12 in the liquid formand exits the
encl osure 1PUMA (petshejaR) gngrdistiibutedimte & phestiny of ehanpals dd thaparectsaely assenbl y

10 is 56 degh GRS 6& lﬁﬁ{h@lsreldi-gﬂﬁluﬁh 'i'ﬂt@-]&a ipiu\fhalﬁgf opmgpﬂbscggéeg%ﬁ QhdRYePY space

created by stacki (a-c) and spatially

ng the plurality of chip carriers
di spl aci ng évb-gl@paﬁsﬁ‘}m@atemhlsq;mr}graélarpﬁaﬁf:l, andofinally eutief the petlet b§ tasa pl ural ity
of carriqgr - : I 0 by the
epace baPwedni i rarBET (B At sfibunHfoiel B, EADGPI o Gghoa LEK PRRADY
surface of thenidhista pump systame dihe ceqlar@ @xpelpdirbmthcomdlef8 dahde chaneled s 24 i s
formed by t rfa 0 LSt I carrier
30 and the SuBIFE ERRE IEDuI TP BILE RN M TFa0, bRabh kit bhBE (21C)
has a pl ur alphinpeddfack mpeithe ocodlpigtassemblysl 0. Herthe crmlanepasses filepughdthe vargss chi p
contact pads 38 (a-c) as shown in FIG 2. The heatgenerating devices 26
(a-c) are nounted on the chip Garners 20 (a-c) as shown in FIGs. 1 and 2.
Dependi ng on the size of the chip carriers 20 (a-c) and the heat generating
devices 26 (a-c), it is possible to nount nore than one heat-generating 25
devices on each of the chip carriers 20 (a-c). Each heat-generating device
26 (a-c) is spatially displaced fromthe surface of the respective chip
carriers 20 (a-c) by a plurality of chip connectors 28 (a-c).
Alternatively, if each of the heat-generating devices 26 (a-c) has | eads
for use as input-output ports, the |leads can be directly connected to the

- - Y 2



8 conductive materials and are easily fabricated using conventional
processes known in the art. For exanple, the carrier traces 33 (a-c) and 34
.(a-c) can be fabricated using known additive or subtractive netallization
process such as sputtering or plating deposition nmethods. 5 Wen the chip
carriers 20 (a-c) are made of silicon substrate or the |like substrates,

sem conduct or devi,ces ot her then the heat-generating devigces 26 (a-c) can

al so be fabFha@8gledt omes HL eMiast wih fhegpuousgtmeiurey mydp fig cOMINEAS i onal

integrated ¢o@bteby bARINAAEAEVIRY B6R FRRS tizUakioas stﬂIcﬁJ?ésngTﬁ@dodléntt heogr aphi ¢
processes. Therefore, the chi p 10 carriers 20 (a-c) no longer_only serve as

passi ve car Pre&rably pate ofran eéchyauhwbmdmuva@mgsua%%ﬂag cahpa {i@t’@s f or
fabricati ngF@E’?‘%Sﬁeﬁ@ﬂ%ﬂ@'Elf%tllk@%@lﬁ{g' R ST FORAMELRE ABNY &eapitier eon. The
distribution carrier 30 is preferably nade of silicon substrate. The

pur pose df Phabsosbing dyept Withousncagsing ietactrel phort-@rcyit stor thp cheat-gaverapngir al ity of
el ectrical f j of

heat - genor b Rt doft OARBEYRA, FhMErfbre RN bl bl s T A Yo 2L o
traces for Oerierepdratug changes. pTluus,ah sdzrye cn‘sess t]ioﬂurchﬁtr@rs:thnbmd@sumldsjn bRe on t he
Substrate 1 e n il r e rd bution
carrier 30 §ha%§ ag ?gl:{ ]p' gmlheﬁ gggerdexgg%% tHSe sﬁ‘lgp?h gFlﬁ}bChgagetslf}d)%al ity of

di stributi oﬂlqmdrnrto gas eﬁ@bmrﬁﬁdegrosssiidhn;s tHvuse airlemssub@ tbateha)FC'tMtqnst urality
of chan i

"nput - oD putsarbaie doa IRTERIEHET dnd Bl FE bty R P Pea. The
chip carri eltenﬂﬁﬁtﬂrﬁnﬁid@@he(baﬁl&{gl zﬁse@rfbl)bH] 1rs1g6 degebs@xIstusway of distributing

| ow-density electrical signals. The distribution carrier 30 has a plurality
of distribution carrier bottomcontact pads 45 disposed on the bottom

surface andTae glardHrpbBdtahiel9P4 @i Biniddoit ipade &rodtéd BY sthékiinLBBpakilitpats 46
di sposed on the top surface of the distribution carrier 30, Connecting the

di stribut i oﬁhlez&me@ﬂ%aﬂ &7l pAtiRll skisplasing & sepgrdag gash ghip cawies framghey yral ity

of di st nkbubinepbE ity bNéSidFReMRERCONARS! Ohs oﬂ%e%ﬂﬂm@ls@h% airfnw of
distribution carrier traces 44a and 44b as shown in FIGS. and 3. The

plurality obydhespagehgtyesn thedroptpm suiase b thechimtcarrier peapnd e &019 awdage of or
receive the tl%odlﬁh@ﬁioﬂu' GfHer 3b9NGofhef BRELYHI cBMiQ‘s 9 it G‘%ﬂéﬁ‘b&ttﬁ‘&' spafe t he

respective distribution carrier traces 44a and distributioh carrier trances
44b and di sbetvgen the hottame purtace dithedigibintionecagisn e andothesubstraiv14.he respecti ve
substrate contact pads 17 via the respective distribution carrier
connectors 40. 9 For exanple, with reference to FIGS. 2 and 3, in the

el ectri @l &oaeinet thedrabgenarahegmtievgesn 6afaich dasievilwrelity 815 iutiontpuf perts,

i nput - out pu [ nt a b e four-.chih,p t act pads
38b of the %‘el%?m%gteernrg#ea %"8“&2‘ twfgﬁgare @C%ﬁgeg?e %oFlﬁh% Sﬁ’?g‘é carrier
20b t hr ough gtdeeatipk Wicaikces 36 (n‘c)(:he monnted@atthe shi Bbrriefsa2ih (aed) dshsbowiiip

aopeocti ve SKHIHNCtr TP ORAE o SR PoPrITRAL AT B PRGT8 PV ece vi ng

el ectrical gegiaing debieeche(aOett. is Bbglmmqomamnﬁ@teahe&l &&bheat-galefauﬁg:tl on as a
spacer t i

SP2CeT 53, CheaLe SREge, el Ieen Lhe Rol o siface, oL L legl agne =t no
spatially displaced from the surface of the respective chip carriers 20 (a-c) by a
plurality of chip connectors 28 (a-c). Alternatively, if each of the heat-generating
devices 26 (a-c) has leads for use as input-output ports, the leads can be directly
connected to the respective chip carriers 20 (a-c). In this way, each lower sub-channel
30  24b is created by the space between the top surface of the respective chip carrier 20
(a-c) and the bottom surface of the respective heat-generating device 26 (a-c) using
these leads. Each of the upper sub-channels 24a is created by the space between the

top surface of the respective heat-generating device 26 (a-c) and the bottom surface of



10 thereby fornming the | ower sub-channel 24b for the coolant to pass

t hrough. 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 28b to the chip carrier

20b. As the cool ant passes through t he’| ower sub-channel 24b, 15 it cones
into cont actheipsprctiveehipgarrisn28 (#-lavish 8f exprptipe af thg aRRYaRIshghinesirige 26b, t he
chi p connec 2 nd
Fembves 1 he Re g et nE Nk (i o WAeuf Mol B BB R e
carrier surfimeeilivgnf the enghesurs 12@b skoven in Fimslni tted 20 to or received fromthe
respective Garner top peripheral contact pads 35b through the respective
carrier traces 33b that traverse the top surface of the carrier 20b.

Al t er nat bvellyig chipecasticec20i(e-a) ami gﬂ&ml}atnatidtef sibisqgre sutisirge.c dfach ef theur f ace
cont act pads 3 C ed to or om.the r ctive

| ower peri pﬁera ctgcr}tltpacc?fn ersa@s(mf;hast%mer C?ﬁm? gadrs\eéggac FVEYcH Y Brvvi as 31b
and the respeatd 3Ae(ao:arp|attﬁ11ed sralason3thb snﬁﬂfe&és abtht chipeaserd 20e(adbgf 4mana sur f ace

of the carrigr 20b. These ctrd cal s nal s are further ted to or
ecel ved 1 BRFURESLHTE o o} SFOME e oo TRaoRas et a GE 2 A
connectors 2EDH 2MHoGR a&k@6kédtiond] |fbbn€ﬁeﬂeﬁ1thetdoﬁlnﬁge§s@@ﬁﬁly Ve il0Riritinglthé oner

peri pher I conta t. pads 37b and th res ective c ier eri pheral
cont act 1Bad§leass? Wrwwcwgewm FVaBbs GRS E@t FqoLaE %SF@E’M at the

respective GaEI3 ShowsPP BlosPRLHPAELE vfé@nfr@lﬁtmd%oAQﬁQEe 3SAin@laSsetbBNsgri tted to
or received fromthe respective carrier |ower peripheral cont act pads 37a

through thel tué%@etttl%e%rpﬁabmt%@qnpwomewwedteataaowmw dhesopglingrpe

el ectrical %ésgx'ﬂ LysloatFuFtﬁE? &aeh EHlﬁEathtV@r (aEﬁBésW}ﬂﬁxﬁh %@Bérﬁ&tmﬂ?fﬁ’éhég a are
further transmt to or received fromthe res ec ive distribution carrier

top contact cprgelone2 (a5 and atphusalily of eartien ¥rper E@Wh?félr comgrct mads 38|(@€l ri cal
aithe = S UReiY St ; _
signal s 3 hﬂﬁ?s{eg’ EQQ?BMQ{? oflh %fawﬁf‘??%ﬁ?&ﬁé Sip LRer§ 90 tAS forpr%ge%ﬁ‘t% are

further trans _ 1 to or received [ e respective drstri 1on carrier
bot t om cont alsttripaldégnb ftrtbmdhrg respdvdive earperc ténnectolis X2r (abitar ghe capecitive tr aces

44a and 440 g, glcst ¢ UL Gl GRLALPLe LIELIIREL B 8, G ICKL QL3 iR opnd are

finally 5 transm 0 or romthe respe e cont act
pads 17 thr ougtnothdl@ortﬁspémblsvﬁacdioﬁthleiréspedtnvetcldacariiarZOo(ammsdbmoeMﬁ)g The
el ectrical s naIs at .t

e p bstrate,c act s .17 are then
t r ansni tted lt‘gkpg%‘t“ﬁt)% r?ﬁ%ciltx? éf"@ CORFELE |8 sé‘)'f% ?nﬁrigﬁgﬁaliy Bfur ality
of substpat eamat bmﬁerqmaabmcpm 37((no) dispaedidn ydihmother porken dfithees,
carrier Vi as Z ?ﬁirler con ectors@eé élb d above are. shown 3.5 sol i
lines as 10SY&¥A O HICEPRECHYS chiRFaglersn” Prfd 1S ﬁ{aecﬂv}‘?ﬁe Sl sl Wcal
signal s frome Bgehprtcaghp etk i3 a-tEdt tBeredfiatify QaridriMedeidiag: donaevsors tted to

or received _fromdifferent respective carrier to rlpheral cont act pads
35a t hr ough 3di{#-Fler Bt Plrbiyerfipyier AT A (PRRACOT M G ) PR LIRS { he t op

15 surface Q@fgnilbgrondlile Fk@pe%g@e catfiert BpRY PBrigtetdl @ofabt pISPBClalyQoCBEN T € Vi as
31 a and d| ftggr ent
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
pads 36 (a-c) to the respective carrier upper peripheral contact pads 35 (a-c). The
plurality of carrier traces 34 (a-c) also connect electrical signals from the respective
carrier surface contact pads 36 (a-c), but to the respective carrier lower peripheral
30  contact pads 37 (a-c) through the carrier vias 31 (a-c). The use of the plurality of
carrier traces 33 (a-c) and 34 (a-c) is dependent on the requirements of the electrical

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

connectors 32 (a-c) and carrier traces 33 (a-c) and 34 (a-c) are made of electrical



respective carrier traces 34a that traverse the bottom surface of the
carrier 20a to different respective carrier |ower peripheral contact pads
37a. Simlarly, other electrical signals froma heat-generating device 26c
are being transmtted to or received fromthe respective carrier top

peri pheral contact pads 35c or carrier_lower 20 peripheral contact pads 37c
through the respective, carrier traces,“carrier vias and carrier c¢onnectors

in the stackOMMPRiTgREHS & afesely BEACUKITES CPRETtena PRFCSHISdReEN tarri er
vias and caifel £ ERRRARHIOBe bRl ek 30(ald)and Sf YR baiRaEleMdises 26a and
26c and the carriers 20a and 20c are shown as dotted |ines as seen in FIGS.
2 and 3. 25kneyn pdditivsy e sybigetieampiplbizesfont pfacess skl #gsmuftetingg eiBling t h each
of the heat ygeR&bRl{.pdadevi ces 26 (a-c) having four chip contact pads 3 8
(a-c), the first chip carrier 20a requires nore chip carrier internedi ate
connectofs 32a and chip carrier connectors 22a as conpared to the second
chip carrie . L ar |y I e d_chi Ler £ eqhl nore chip
carrier int glﬁ% P%@elﬁng%%ﬁiésc Oo¢g§§§eb&g%d°fg1?ogn%%S%§r0r§g§g%en§%%%ag%é 22b as
conpar ed t os¢rhigortductod dethéep otteer rthear th Beategsnaaing dewickd & (8¢) Tdnealfcabe or  of
norease |1 oGt O e Qi COLRE 30T 185 oMb ehIREh A RGP ERLRE SBRP, oNi P
carrier connectors fromome stacking ¥ever 1o the nex e%)rends on the

el ectrical cabniogiohipostesseg siich asretchisg afid lithegrigiad pyedsessatlihogfode thecasp and

conpl exi.ty thereaqf. But generall 11 .t he chi arrjier closest. to the
cubbt ratl” 1 58 A0icy P e, SRR Rl e paibSordt B 6 Mo Eonib B RiMhect or s ¢ o
cater for thedusuubdtiatey f@ffaricatig othél hest-ggnerhsng dotinG Bintiteduttor doviceecei ved
fromthe other chip carriers. 5 A further advantage of such a stacking
arrangement NI7%98 in its heat distribution characteristic. Heat generated by
a heat-generating device is transferred to the neighboring chip carriers
via the various, connectors and traces. This_heat distribution

char act er i stline disgibynensartigy 88 dssprefsradly made;ob slicoihaibaraie. nhstrgoserihs ng devi ce

gener at 83 MAHiNEE] cdrfi@B0LER dRifififte m@%tu'rﬂﬁﬂgﬂ'@éc!trﬂglg ICieRcéifS! fitfn t he
cooling assenbly 10. In 10 this case, the heat is not overly concentrated
at the heat oydiaasmitsi ivgthgentiabtyt plabeajeeneraing sdeivisee 2hdatc) viruthe wrgpspersed to

the nei aNDOGH{EEA! g CALE! FloSs 16t orBinkd b mm;omsgrga{escom@t fahages. |0 the
first enmbodinment, the carrier interconnectors 22 (a-c), the chip connectors
28 15 (a-c) on#hrdubdirater lddis siescribe inarpre detpil kereinaftesr thmdisicibetion cagiend @
preferably I i p t j | J. j art to
use any of zsmrsr%ﬁélgfb %% 1%lgﬁdt grPI\rqﬁa %vsgg%u%%ng{:?) gras%%rrlag% 0? ri?l%tljﬁbgﬁgfrl '?: 2 IIFFF will

al so be 28ppaomrttotshdl thuk ereatingee f die Manlitaoff chradsls 24.0 Roelsatganerating er medi at e

connectors, .and tr.aces required.ar epende n_the electrjcal connection
requi r ement éje‘(’)l?estvﬁgh ?‘ng’zﬁ I-lqgutheérogﬂpﬁgmg% ip(?g %e lsglh%tho,n PHE" 38 "Weltri cal
connect i ons beasqritededThe chipecardere2fai Rgalwd tipablef &ff Being ukel bd @Swayl of 2 and 3
are nerely for.i

accor dance ﬁspr?ultllléj ?(;[wr—génlsivtye elgyt{iga?ssfgrslalgnq‘hé/ girs‘grl%;[ltlic%ncsarrgeqejro%gg a%iu?alﬁ)(l) ssible in
of distribution carrier bottom contact pads 45 disposed on the bottom surface and a
25  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
plurality of distribution carrier traces 44a and 44b as shown in FIGs. 2 and 3. The
plurality of distribution carrier bottom contact pads 45 transmit or receive the
30 electrical signals received from or transmitted to the respective distribution carrier
traces 44a and distribution carrier trances 44b and distribution carrier intermediate
connectors 42 to the respective substrate contact pads 17 via the respective

distribution carrier connectors 40.



the requirenments of the applications. A second enbodi nent according to the
invention is shown in FIG 4A, 4B and 4C, 25 wherein the effectiveness of
.renmoving the heat generated by the plurality of heatgenerating devices 26
(a-c) in the cooling assenbly 10 is substantially enhanced with the
addition of a plurality of heat dissipation enhancenent m crostructures 50
and 52. The descriptions in relation t® the structural confi gurations of
and positional relationships anong the el ements described in the first
enbodi ment @, éﬁ%ple“\b%ﬂtréf@f}n&%\’méb fﬁi(def & ffe etl&trE:Llf%%nnéotlog of 3Mdat3 are

i ncorporated herein. The heat generated by the plurality of heat-generating
devi ces 26 @encefing Wevipe 26t bivingfoas inprbeyputods o5 ichiatcentagt rsds BBy thar f aces of
the plurali | so
transfers frrf%ﬁ%gliuﬁg&g%crt? g%?gggtg iy hgﬁél'e r%%evw%g%eag% g%ngﬁéggﬁttoﬁ %Sé opgw ces 26
(a-c) t oSt hearpiendOhlthroyghothe ohurq:htscaﬁq’mrecrosnn@more 38t ) Edgh of tdichip onnestorsvel | as by
conducti on I p,

descri bed i zkl?ﬁorm?ot?g%orle%ﬁgtl“% #’eéi aHt%crtl % b fo tRQ?%BéC%egagl%er( “fq“rﬁ%%e cool ant
com ng i nt occwat pads ¥bt for tramsnbitivgror mmwirga&leou:mnat yigngs gterebetvaeres Tharsi de t he

| nbl t fect f |
Chor el Don S EhiR cbugeaiors A1h Soe SHERORE AyPTier &l HERG sHeR sl Y PRt hont
di ssi pat i ons@efdcant tewlit-gthahthr! desict Q6ke andfle aspckubfdced of thdéhipcatriad 20by of

heat I 26 d | t f chj 20
raapect et JayJRAAE T Bred sfoinipn 248 il Syt P el by gy (")

di ssi pation ﬁiah@ﬂc@nmethea@geﬁmmgsadmtwbels d'i_)sﬁlpalﬁﬁl fiogn @RNsubRcds adPrthe at ed
separately gnd t hen bonded%pg)r Qt herwi se attached to the surface, of the

plurality offcai@sRerysdrues H ad et dalspgransferrsd tg e nefpbboing chin qariess chip

carriers 202(Rarfd 2%%9&3&&1&4% Weell BB @onlaﬁatondaastﬁé PRkl o R AR SR
m crostructures 50 and 52 are preferably nmade of the conventional heat

conducti ng Fd¥ E?rth%ﬂ:fgp gareict 10ks é‘sﬁlﬂﬂ"@?laétrpaﬁﬁ?s ﬁﬁ@lg@é]%loh‘ﬁ‘iﬂﬁ\‘éﬂhwe’t b,

convent i gnaly Jal ik Bntact WilAHEYSHom LAEY B e m@atggnpém "hyRE 268,NRL Wi se
attaching step, which not only translate into nuf acturing cost but
t he bondi ngchintcerregiors 28b, andtthe top surfave of theichip werier 2oipenteremeas the keatf er

t her ebet weeg, g} plurality of heat dissipation enhancenent m crostructures
50 and 52 are preferably fabricated frommaterials used for fabricating the
plurality of heat-generating devices 26 (a-c) and the plurality of chip 20
carriers 20 arra of el ongat ed . pr ot ant_nmenbers unitary
with the pl Jﬁlgfﬁ%ﬁwﬁfﬂgﬂals ﬂﬂe ners Yencém evT gdé:esc ngga&é%g Ad tiaﬁeng c'l{JraI ity of
chi p caroi encsorzece(veedd’yom fﬁaEesq}eamasamanstopfpedqﬂmtal corsak padsi3Sh tleodphnthe ment

m crostructures .50 an ut tyl pi cal | t hese can.be

appr oxi mat elregfp%céw?ncém?ﬁe'faé?s g?‘ﬁat&%/tdfrﬁveésﬁd prn‘f%f% 0? etﬁg PRI %ht .

Further, thelehmdtiedly,ttye aécm@atslgdalg; at tnatespeme@bmﬂaeﬂ&me adntadi EAdO S uCt ur es
50 and 52 are referably dis & Qﬁj cent to ach ot.her to forma
plurality of*hPeFaisey e Ths ief dr HC%PS‘HB[F OV RAPRIRL RoRlRE R r s to 200

m cronet er s 376 thrvgh! thdeesgRAd @dﬂxﬁertwasqne afifk itle! rBspettivetdaRien brhcek 3ab tHane above
positioning and conbi nati on 30 of positioning the gl urality of heat

t r ansf ertd enHAVEEHBA tPOHPR sYERGeRt the é%msroZ%dT e Slectricdl sienalsaare dyrthst

heat - gener alrfighif&y toCoSredbivdd@frbm B ehib @k tzbétlmr&y hOthe GEUpBctRBcairRf S 20
(a-c), respectively, can be varied. For exanple gt is conceivable to

posi ti on ad@PariceinEl 23he which relesdricelly apnestc E‘We‘i%peﬁ‘il‘@r erstigrylowgr geriphieral he bott om
surfaces of ob{igtphdirBbiahy tfrespective carrier upper peripheral contact pads 35a. At the

chip carrier 20a, the electrical signals at the respective carrier upper peripheral contact
30  pads 35a are transmitted to or received from the respective carrier lower peripheral
contact pads 37a through the respective chip carrier intermediate connectors 32a. The
electrical signals at the carrier lower peripheral contact pads 37a are further

transmitted to or received from the respective distribution carrier top contact pads 46



13 heat-generating devices 26 (a-c) in the sub-channels 24a, if the bottom
surfaces are not occupied by the input-output ports of the plurality of
.heat - generating devices. In accordance with the foregoing structures, it is
apparent that every surface of the 5 plurality of the heat-generating
devices 26 (a-c) comes into contact with the coolant either directly or
indirectly via the various connect ors,%hich are exposed to the cool ant.
Further, asof He digbting esremt y The clegtrie]| signglsygtithe foyBecis (digHibutioner y
structure expasegytOnti@dhdd 6 bl GARl ﬁgﬁsnmtédhtot& QeceRRl Qe tnt hep&ive
maxi m zi ng heat dissipation therefrom 10 A third enbodi ment according to
the inventi distribytieennrieri hetpncontget paed e ihrough dheisenegtite digtibusiondimiget ed t o
the reglons \4hgig, Replal e ARARBAL B ikl ouﬂé%gcrrs ah§ are3fhaAPd S5b tO
seal off certain channels in the cooling asse . ie descriptions in
rel ati onSt o trehmmitied tsroctruccalived droiti tha rrespedive solfstratncmpt@gr nade hathrewghathé onshi ps

anong the 1 - S f ts of the
i nvention W%ﬂ&k@?@{ﬁ%ﬁgﬁ}&rﬁ?%@n& OI;S% 31l he%k 9&% Sﬁlﬁﬁg‘gth%w o?porat ed
herein. In Isrhtcstrstbaomacng)aés Hamgeth&mﬂrammttéésmrhebesj)ectmetslubstrfamrce;gmcrtrgs certain
heat - gener a devi ce ate more e ot hers.

Ther efore. -1t WaBAPERUR o B BREPRELS PREolIRL bR i E e heat i s
concent r at edrates, afdke vids ané tdreiet dovisdcyoraddcritea nborecad Showitns Bo1&d Ynek e
terrpera re of tP&p?rtciflul ar heat-generating devices 26 (ac) at a safe

| evel . r ECAH % %e heat is nostly concentrated at the

heat generatr ng devi ce 26b region as conpared to the distribution carrier

region and the heat-generating. device 26c¢c r gi on, the cool ant be
directed to/Ye %earlnﬁewérrﬂchr&ab%gfawr% 9 BERtESRAT ISty vies Foqee ko

subst anti al l¥inf i thnkhited N6 GNRBARIIS frdint MiffeRBr WRPREVE 'cbllrlel55@p Qbri Sﬂwralpl ocki ng
t he channel o&ergr nq? fﬁiég tggﬁ%ndfer fi lél 55h atrs seen |§tf @bﬁt hi s
way, a substatqtpes, L3301 LRt resPeCHOFARY trasendiadBe FayeRe 815 tthe
tenper atyr e giyfack B?th@Q%lbmaaéﬁﬁﬂmélym%fgreﬁttre%el:tﬁ)@ chi#Plias TNGHAHREet ! | |'s S5a
and 55b are preferably nade of electrically non-conductive materials and
these may beesagRbive earrign iragps 848 0hat draverse therbettopatkiaes aftherceess 202 Ao f our t h
ool ant 1's Sl oBfbelfie, Gk Rt paiuieR) AR bite TR, S Bl 1y
provi di ng amlectrital gigaloframea d@attgenemigig devien Pée @Webfrl@m@n%mﬁhbrtce otooling is
needed. The o] ons of
and posi t1 o NeL ik b espBatvELBHL By pBdRy Shi R o i e PV,
gecgr‘r‘d izgd tplanphé(rjzégbnxdctn;mds §70fthrbmdthﬁvrenpb¢tma aarrien tr;]aeésercamieﬂas) ahd GS. 1 2,
C an re ated herein t he stacki.n arrangerrent
as descri bec‘faﬁnﬁr fcﬁlé’e Fé‘é(‘j Sé‘p CEPPE " hay gesﬁrgﬁ’ rag?Y efA™ éeégﬂaf%g (a-c)
di ssi pat e neaeiechead addhatriet b«mnecttbnerrelatm'ghen}e:ﬂaategenefatm@devhes tesind@és to apply
t he cool ant t where t i S nost ntrated.i rder to effectively
and econoni @8f }VC%‘FWQQ qeﬂ)éafeeﬁk?ﬁwéstfﬂ 8§Festaﬁéeeﬂé‘rﬁcg§u23‘?d$1eat-gener ating
devices 26 (a 10 c) at a safe level. For exanple, if the heat is nostly
concentr teq t the heat erati devi ce 26b r.egi on, he encl osure 60 may
be pr ovilded ?g‘eéﬂéﬁ%%e’ﬁ of E‘E’Sﬁ”gb g@’ém‘%@é}?‘i‘tr’(ﬁ%&é ‘?%%t'&%fatnﬁé chip
carrier 20b dgdicéseRrN(d-d) takvfag Bur éMip cbhtdetWals 38 (SUPIhANEst BhipYealR$ 208 anount
of coolant is needed to keep the tenperature of the heatgenerating device
26b at a saffeIurey @re qibp carieh intergedialgicapnectors Priuyl G garHemenpestory
enbodi ment s 76§ 4§ b&nﬂ)d?éfcﬁi%tﬁl%ec%ﬁ@cﬂb%%feﬁ%h 'sﬁml%l%r' th@%eé%ﬁ@%ﬁ Narrlep ONE
skilled in the art in view of this disclosure that numerous hanges,
modi fi cat i oR8b aisguites nivicrfarchipngardenn itfermedidle wpragons §&pand i ¢igp faenier t he scope
Gener ot 1%g douirees DYt QKRR F i P et i@l MAPS, TPRRE  1ce of
t he respect iof éncedais ic ﬁnernuerbsr 20 clfip-ceiriepyntermediete gpmnertarsippdchipregrrist r uct ur es
and the plur, 0, r 8 .
Al ternat | ve crsebr tofl b sGOORERYAE tChapbhen i BF ISR ERp e
carriers 20 r¢qirenentaygf the tepiagenerhting divises ank coniplentyabeabofot Bigrgenerally, r om t he
distribution carrier 30 by one or nore supporting structures and the 25
plurality of carrier connectors 22 (a-c) may be replaced by alternative
el ectrical connectors. Furthernore, not all the electrical signals need to
be transmitted to the substrate 14. It is possible that sone of these
el ectrical signals are for comuni cation with other heat-generating devices
éG _(a-c)lSV\,ilt hiA\n t[rﬁ Zt ?cki Plg e(rjrgngegent ia_s des](c:rihbe;j in thetforegoi ng. 30
ai s : met hod for ui d- based cool i ng of heat-generating devi ces,
conprising the steps of: 5 nounting a heat-generating device onto a first
portron of the surface of a frrst carrrer spatrally drspl acr ng the

1. . . o - r " 4 Y b1 Y M " 4



stacking a second carrier and the first carrier; 10 spatially displacing
the second carrier fromthe first carrier for formng 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 | east a portion
of the second carrier, the heat-generating device and at |east a portion of
the first carrier; and_ 15 introducing Hooling fluid into the encl osure and
into at | eadte Giecaprericisestite the spbiiratscldo MANIhh e caripe?ls; Fpaumes tBool i ng
fluid is subgkaplindbib% 6 &' fof Bhd PrubRfy G MMEIAY &AM rhfsnliRéd fXbF aCti ng
heat from and thereby cooling at | east 'one of the ﬁeat generating device
and the at Iesayed frpm thenthership cattiershe first and second carriers. 20 2. The
method as in claiml1, further conprising the step of expelling the cooling
fluid fromthe enclosure. 3. The nethod as in claim2, wherein the step of
encl osi n§ t He firthar ademtagataf mycldevitakingnaranganant lleedstitst heat dostritiubors of t he

first and s ri st .25 of. form osure
havi ng an i Eﬁ%&qefr%?&i nﬁérag(ﬁu%g‘%%%at e chggtf%%hgrg?ﬁflﬁjﬁehgr {e;qlﬂ{r%%(r)l% gr{gqgén out | et
for expel | i mgightveing obipicagiefs wid the tvidous toorttod.and recese This dea glistributbmi m 1,
wherein the ﬁt e{g OE nount itgé t he t}ﬁ@t-geﬁerati ng devi.ce .onto the first
portion of CHEAF{TEE iSadvprtageous, i siipations pinere & hetgeneraing device SeRefales or 30 f or
i Nt er connechidighean thah eled sthadleatcRRératirig graiteotnsidh ehehwalingasatisly i10g Iflevi ce and
an electrical. contact. pad on the first portion of the surface of the first
carri or [OundHis i, f PEAF ot Qb ANeln tmerualidett e diepi ePneBHER A YR et 16 5
The met hod @sndrdlesCthére edt, bl aigpdiscine it REhBbrifdip adrlists dashd daiong t he

heat gener ati ng devi cg fromthe first portion of the surface of the first

carrier comSPiSeSrsi2ReaGey of using the connector to spatially displace the
heat - generating device fromthe first portion of the surface of the first
carrier. 5 6. The nethod as in claim1, wherein the step of stacking the
second car r ilethefet enphodimang tthe garrierdptercopgseiose?? (ane, the shipofonpesiory2$

connect g5 f o oj BALIHE QRRGHk Y cQHigth?&é nnEbrs qepﬁea&tefe&%@ ek bRRY! tgon of the

surface of the second carrier and an electrical contact pad on a second
portion of ™ bguappereet tof onehskilledr int the arty foewse ang of. a Thabereothaltbrzagivé n cl ai m

6, wherein i al A i cCarrl omt he
irot ccarri coinelbBain SPALLE, lobifflRbbeGIAtat RS AERRNG FCbhEl phdP T
di spl ace t heowmwetorsd intarmradiate fcomertotse ahd r saces aequired . ard SleBenddite omethtiod as i n

claim1, fur I 1C : e bst ant.i al.l v inmpeding the flow of
t he cooling etepﬁ]f%l ?%B%J&éhqg?&l gleelﬁt% (’([)%ntg'E o}%gtﬁ?relgrfl t|mr‘gsfj e‘é%e ‘ sgcszoshl%" ctE%mneI s. 9.
The mnet 20d a&kctrinalcbaenti®s dedeeibe in theforegoiap with refedosdean FIGH. Il y2 andBedé ng t he

r Lg\évt Zgngf O]Emhe?ﬂg(f-)(g:il:]ugsgatfl\}el'gugpogc%%gl \aa 'o}lsht?lersegfe eBe Séssﬁ)}ébusltagcr(])tr a%cl:el \xitﬁ H11ing at

the requirements of the applications.

A second embodiment according to the invention is shown in FIGs. 4A, 4B and 4C,
25  wherein the effectiveness of removing the heat generated by the plurality of heat-
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

30  withreference to FIGs. 1, 2, and 3 are incorporated herein.

The heat generated by the plurality of heat-generating devices 26 (a-c) in the cooling

assembly 10 dissipates from the surfaces of the plurality of heat-generating devices 26



‘and second channels with an el ectrical non-conductive material. 10. The
nmethod as in claiml, further conprising the step of coupling a heat

.di ssi pation enhancer to a portion of the surface of at |east one of the
heat - generating 25 device, first and second carriers. 11. The nethod as in
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expelling the heated cooling fluid therefrom 20 14. The cooling assenbl y
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car eer. into higher manufacturing cost but the bondlng materials or attaching mechanism can

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
20  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).
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
25  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

micrometers.

It will be apparent to one skilled in the art that the above positioning and combination
30  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
(a-c), respectively, can be varied. For example, it is conceivable to position additional

heat transfer enhancement microstructures at the bottom surfaces of the plurality of



25 15. The cooling assenbly as in claim312, further conprising a connector,
wherein the second connector interconnects an electrical contact pad on a
.portion of the surface of the second carrier and an el ectrical contact pad
on a second portion of the surface of the first carrier. 30 16. The cooling
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heat-generating device 26¢ region, the coolant may be directed to the heat-generating
25  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
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

30  conventional packaging process.

A fourth embodiment according to the invention is shown in FIG. 6, wherein the

coolant is only applied to the regions where heat is concentrated by providing an
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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
apply the coolant to where the heat is most concentrated in order to effectively and
economically maintain the temperature of the particular heat-generating devices 26 (a-

10 c¢) at a safe level. For example, if the heat is mostly concentrated at the heat-
generating device 26b region, the enclosure 60 may be provided to enclose only the
heat-generating device 26b and the chip carrier 20b as seen in FIG. 6. In this way, a
substantially lesser amount of coolant is needed to keep the temperature of the heat-
generating device 26b at a safe level.

15
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
numerous changes, modifications and combinations can be made without departing
from the scope and spirit of the invention. For example, the plurality of heat-

20  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.
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

25  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
with other heat-generating devices 26 (a-c) within the stacking arrangement as
described in the foregoing.

30
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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
15 introducing cooling fluid into the enclosure and into at least one of the first
and second channels, wherein the cooling fluid is substantially electrically non-
conductive and is 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.

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

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
25  of forming an enclosure having an inlet for introducing the cooling fluid thereinto and

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
30 for interconnecting 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, wherein the

first connector is electrically conductive.
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contact pad on a second portion of the surface of the first carrier.

10
7. The method as in claim 6, wherein the step of spatially displacing the second
carrier from the first carrier comprises the step of using the connector to spatially
displace the second carrier from the first carrier.

15 8. The method as in claim 1, further comprising the step of substantially

impeding the flow of the cooling fluid through at least one of the first and second

channels.

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

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

25  device, first and second carriers.

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

30
12. A cooling assembly for fluid-based cooling of heat-generating devices,
comprising;:

a first carrier;
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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;,

an enclosure for enclosing at least a portion of the second carrier, the heat-

10  generating device and at least a portion of the first carrier; and

cooling fluid for introduction into the enclosure and into at least one of the
first and second channels, wherein the cooling fluid is substantially electrically non-
conductive and is 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.

15
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.

20 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.

25 15.  The cooling assembly as in claim 12, further comprising a connector, wherein
the second connector interconnects an 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 carrier.

30 16. The cooling assembly as in claim 12, further comprising 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.
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