HEAT EXCHANGE APPARATUS W TH PARALLEL FLOW BACKGROUND
Aut oimat ed test equi pnent, or ATE, provides
WO YA M ct or  manufacturers the capability ofPCT/US2005/023174
i ndividually testing each and every sem conductor
devi ce fabricated during production. The testing is
usual ly carried out at both the wafer |evel and the
packaged-device |evel to ensure' operability of the
devi ces before reaching the nmarketplace. WO
2006/ 004869 PCT/ US2005/ 023174 Modern sem conduct or
devi ces typically have anywhere fromthirty-two to
over one-thousand pins, generally requiring a
correspondi ng nunber of channels in the sem conduct or
tester to thoroughly verify the operation of the
devi ce. Each channel 5 usually conprises a signal path
i ncludi ng the necessary pin electronics for sending
and/or receiving test signals to and from a pin on
the DUT. In conventional testers, to maximze
conponent density and mnim ze the size of the
tester, the channels are often fornmed on printed
circuit boards resident wthin a testhead. The 10
testhead is separated fromthe main body of the tester
for coupling to the DIJTs that are nounted on a
prober or handl er. Because of the relatively high
concentration of circuit boards wthin a conventiona
test head, specialized cooling systens are 15
generally enployed to naintain a stable therm
envi ronnent. Some prior systens have enpl oyed air
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BACKGROUND

Automated  test equipment, or ATE, provides semiconductor
manufacturers the capability of individﬁally testing each and every
semiconductor device fabricated during production. The testing is
usually carried out at both the wafer level and the packaged-device
level to ensure: operability of the devices before reaching the

marketplace.
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el aborate ducting that takes up val uabl e space mﬁthin
the testhead. As a result, these air cooling s

WO 8% e- to a Iarger overall footprint forf 20051023174
tester. Mreover, because the airflow 20 nust overcone
the resistive effects of ducting, nozzles and the
uneven shapes and surfaces of the boards, the air
cool ed systens tend to not be as efficient as
desi Medermy Fenigppiedichiesdeéniesd ntvpbeal 3y gk ceokivhgre from
systens that 2 WO 2006/ 004869 PCT/ US2005/ 023174

tEiFEYrate &0 avar tSpsddongandt epingr ogeaerpllyd requiring a
cooler, i.e. a refrigeration unit, and past the heat

Cﬁfsaﬁfe?%”éq SRS © c‘?}?ﬁiﬂ'ﬁéﬁts‘ni the s CoBAPpEOrafigster to

BB R e R el e FEESFRe: PR cramen
nents, to allow the heat to transfer fr

wE AR RD e by Sef) e e RIS

. d t th

<SEOLLABD 06k 1808.A AR, e 00 8L M WBESna £rom

int&‘? éH lﬂ(ﬂ' to Haég‘n% = alﬂ%%%té?s, \/\ﬁ? srﬁaﬁ%%.tz%n%omponent

6w “the 1 iquid ron1t ool 1'ng "uni

déﬂ@i@f‘lérbﬂ hﬂﬁlrh’fjfé tRePHIPe J@t‘hg ??gﬁéf‘t t%go%flgrgnels are often

| ock, where heat is transferre om t'he ectroni c

f@ﬁn&@r&ﬂt priwieahci Beu Lo d%iblack abse P B OQesltﬂL-Qd The
t he I|qU|d Then the liquid | eaves the first cooling

tdd @tdad REOYGhar A LPFRBRT LW na4RELb Oy BB RBNE£00! ifRG coupling
bl ock, where heat is again transferred into the

£ tHE DUTE0MhAB0s AT nelBedd @i & 6eEBeR et - hathf ek
liquid continues to nove through a series of cooling

bl ocks in

eneces sary p:Ln

Because of the relatively high concentration of circuit boards
within a conventional testhead, specialized cooling systems are
generally employed to maintain a stable thermal environment. Some
prior systems havé employed air cooling, which typicaily inclﬁdes
elaborate ducting that takes up valuable space within the testhead.
As a reéult, these air cooling systems contribute- to a iarger
overall footprint for the tester. Moreover, because the airflow

must overcome the resistive effects of ducting, nozzles and the

-uneven shapes and surfaces of the boards, the air cooled systems

tend to not be as efficient as désired.

Other approaches have included liquid cooling systems that
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succession, having heat transferred into it at each

coaling hlock, wuntil it returns to the cooling unit.
WEALYIYEhe 1iquid is heated each time it pasd&d/US2005/023174

through a 20 cooling block, the tenperature varies

unpredictably with each cooling block in the series

of cooling blocks. That is, with such cooling systens

each_el ectroni c conponent will be operating at a
carreepbat 2t Ehpetattird callvh vehert efper a2 baydidsiaegler, i.e. a

along the path of the Iliquid through the cooling i
ISFEB&%%Fa“sl% 2066/ 008889 PETTY Uééms%gzslmrocl%ﬁﬂé}%/, electronic

the trend has been with nodern el ectronic conponents

CEEBERPRITY 1 HosdAREAF RS uAPEnPaght bRaibE Feefer- Liquid is
SRR o PO AACTE) a0, IRLE PPN K8 08, crccrronsc
OB SRR P S TIIRC B! P52 SRR Tt 8 Beponerncs o
CGOTRREINS, 57 cHLAD! By SO LOTIRD LOTRGE B S8 iached co

oh® AflHRMe WWI:{}' he Jliss \Sﬁ‘lr hable |40uids b W?ﬁ%ﬁua Séingle path or

provided by the prior liquid cooling syste
cHberef Hes tﬁe%i@(tétﬁaéé’rﬂ%u@ﬂgl A SYSt emdd@tisystens flow

provi des an nitorm predictabl"e and consi stent

£ 600l i i e FEbMOPE o d18h geas bt Pfuhitdie t§beELT PRI hicludes a pump,
conmponents bei ng cool ed. Such a system should al | ow

td ot emisetof cosiess BbdigduaRetdenthi® iReadethdRrred from the
servicing and, as 15 a result, mnimze overal

eBsti fuTEIR cdawbhene, which the cooling block is mounted on, into

the liquid. Then the liquid leaves the first cooling block through

a connecting tube to a second cooling block, where heat is again

transferred into the liquid from another electronic component. The

liquid continues to move through a series of cooling blocks in

succession, haviﬁg heat transferred into it at each cocling block,

until it returns to the cooling unit.

Becausé the liquid is heated each time it passes through a
cooling block, the temperature varies unpredictably with each
cooling block in the series of cooling blocks. That is, with such
cooling systems each electronic component will be operating at a

different temperature, with the temperature rising along the path

of the liquid through the cooling blocks.
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SUMVARY In at |east one enbodi nent, the present
invention is a heat 20 exchange apparatus whi ch
WO00609886% 3t | east one heat exchanger, an i nt af&T/US2005/023174
mani fol d, and at | east one nultichip nodule. Were the
intake manifold is in fluid comunication with each
heat exchanger and where the intake manifold is
capabl e of providing the heat exchange nedi um
separately to each heat exchanger. Further, each 4 WO
2006/ 004869 PCT/ US2005/ 023174 nultichip modul e i s
posikdeHet &he| brerd dujsabenn wilamodeast ebaetrdmgat components,
exchanger, such that heat can transfer between each
eFREFH NI CHRREUI eSathdiiat CREERAT oA dmededeXtRingeTIipBlent,  of

The heat exchange apparatus can al so include an
m%ﬁ%fdnorﬂwes%&é’? FRNCEBPETREUFY 1¢YRYE, and any
fg q?u cat powi E each heat exchanger and is capable
RN R 8 Ehe%heat e RERHALRE ﬂP@éﬂfﬁl‘ﬁ“aFF%n?%eFé‘f?S@f components
exchan t he i ptake mani fold can be

SR T b AT Gt 5 oonencs,
t I I t t
ﬁ%ﬁ?gqﬂliﬁénﬁ?#ﬁ§ﬁ§§%¥§ﬁ gtugeefc f:gstgxc gécqﬁ§s all the

o { S ne_heat..exchanger. .
R T ohD qﬁﬁ?l?@l‘?‘%# e el eggep‘iﬂth I)%ehcetr frEgle liquia
éil‘lfﬁe ME = 84’ éﬁ: lHY‘Q ef'f ems.

texcﬁanggg he %%at exc é?gkcan e co PaFggtor

ot her 'simlar structures. The heat exchange medi um
can be a liquid and/or an ‘
Therefore, a need exists for a cooling system that provides an

uniform, predictable and consistent cooling environment for each of
the electronie components being cooled. Such a system should allow
for ease of access to reduce the time needed for servicing and, as

a result, minimize overall equipment downtime.
SUMMARY

In at least one embodiment, the present invention is a heat
exchange appa;atus which includes at least one heat exchanger, an
intake manifold, and at least one multichip module. Where the
intake manifold is in fluid communication with each heat exchanger
and where the intake manifold is capable of providing the heat

exchange medium separately to each heat exchanger. TFurther, each
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inert liquid. The heat exchanger system can al so
include at |east 20 one first connector. Where each
WE2p05(008868 hect or is positioned between the i ntPAIAIS2005/023174
mani fol d and each heat exchanger, such that each heat
exchanger can be disconnected fromthe intake
mani fol d. Likew se the heat exchanger system can )
include at | east one second connector. \Were each
nydEbalie orrritieoris P9sddirnefedt beamlerndivcey O at least one
2006/ 004869 PCT/ US2005/ 023174 exhaust manifol d and .
hegE eHRna®te haREgRr thatu dipath gon dacdnsfest PebeRA s multichip
can_be disconnected fromthe exhaust manifold. In
mOHBE R b Ao diSRERt CRENBSThVHISSHS s in a piece of 5
automat ed test equi pnent having a printed circuit
board, a plurality of nultichip nodul es nounted to
t he ﬁgin ed circq}t boardEi coolantaiource f.or

provi dff nd=&"1 i G é’nggolaa‘%ﬁ,raguéoo?aa{ht PRceptar Foran exhaust
odERLHA DOl L A CRBheRL1q 05 11 LSRR DR o wich each

hggmh%‘ﬂ ieggaﬂ-&) ng EQP%?%% ﬁ%@&@géf§% Ct%eaﬂga{: I'@xchange medium

cool ant réceptor. The cool I ng” appar at us

£E06 | 8S s racil Weald E¥cREnsOld Phatss tihehebRe RACT¥o1d can be

cold plate abuts a nultichip nodule, such that heat is

c&eRs e %fox?icﬁ'!}ﬁgf QhEI Kk tDRLWBEAGE Mt it hs P imdubPequally
a

and its utting cold plate; an intake manifold

tPosadH oed akcheagéradj acent to the 15 printed circuit
board, wherein the intake manifold is. in fluid

communi cation with each cold plate i.-n a paralle

configuration, such that the intake manifold is

capabah ofulnriotigi ngodidied adin t @but, be mounted to, and/or be
compression mounted to at least one heat exchanger. Each multichip
module ¢an include a pin electronics die which itself abuts at

least one heat exchanger.

The heat exchangers can be cold plates or other similar
structures. The heat exchange medium can be a liquid and/or an
inert ligquid. The heat exchanger system can also include at least
one fifst connector. Where each first connector is positioned
between the intake manifold and each heat exchanger, such that each

heat exchanger can be disconnected from the intake manifold.

~ Likewise, the heat exchanger system can include at least one second _

connector. Where each second connector is positioned between the
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each col d.plate separately; and an exhaust manifold

ositioned at |east adjacent to the printed circuit
WRAPA048er ei n t he exhaust 20 manifold is in dGIAEY2005/023174

fluid conmuni cation with each cold plate in a

paral l el configuration, such that the exhaust manifold

I's capable of receiving coolant fromeach cold plate

separately. The liquid cooling apparatus can al so
ekhetsidemaniifnldkend6 eWEh2 0EE/L0C48BRNBET, USREA5/0R3] 7gach heat

connector nounted between the cool ant source and the
ekphakeer ean fhsl diswheredted Heomthke csbangk ternifold.

capabl e of separating a fluid connection between the

i ntake mani fold and the cool ant source, such that the

liquid cooling apparatus is separable from5 the .

cool Bt HOHIEE aRPAH eRTausthe odMYeRELORp it ed @ Plece of

bet ween the exhaust nani%pld and the ,cool ant ,

SPECBRRGE . GHr oF AT h BRI e dhnRAIGEoRs CiiGbit fpards 2
" fl.uid tion bet th haust .
PRARFHOY Ghd EHE-EBOP afPOPLEaproP tSHCH Hae { Rpinted circuit

'b(lé%%c? i d cCoooq.lainrﬂ:g s%ﬁg{% afc%!rs .J:Sova%ﬁgrgacbal Je.i%tg.lg#n c%cﬂ)g_ant, a coolant

ant source. n anotner e dirmen

; Csn A h ' h . . | _ .
r%{:?ﬁf&é fgi(egycgg%:ax?%’ Sgtlrjfgl%lté& Y ag%\” Ghd "¢ fﬂg\%ézﬁscoollng

51
ed crrcurt Ichip nodul,e nounte

aﬁﬁgr%& egngi If%{ﬁde?:%gg ngaaﬁﬂldauqlsaag lﬁ%mop%%ﬁmggmatm

_ tichip no fdastener connecfing the
wPEh NERE chbedht RBALA.aBdal heeCUdd Rt &re MRS .t hEThe 1iquid

fastener urges the cold plate against the frultichip
cHOte AphiNQslidiehbB: a plurality of cold plates, wherein
each cold plate abuts a multich':‘gp module, such that heat is capable
of transferring between each multichip medule and its abutting cold
plate; an intake manifold positioned at least adjacent to tﬁe
printed circuit board, wherein the intake manifold is in fluid
communication with each cold plate in a parallel configuration,
such that the intake manifold is capable of providing coolant to._
each cold.plate separately; and an exhaust manifold po'si'tioned at
least adjacent to the p;inted circuit board, wherein the exhaust
manifold is in direct fluid communication with each cold plate in

a parallel configuration, such that the exhaust manifeold is capable

of receiving coolant from each cold plate separately.

The liquid coecling apparatus can also include an intake
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nodul e against the printed circuit board. The cold

“Pl ate can be positioned to forma lid to the

AA%EHPY nodul e. The cold plate can al so be BET/US2005/023174
conpression plate. 20 BRI EF DESCRI PTI ON OF THE

DRAW NGS The features and advantages of the present

invention will be better understood with regard to

the followi ng description, 7 WO 2006/ 004869
PATEUS2003IBIFERS bepsardetihe| afgnlandndsaecempanyd nghe intake
drawi ngs where: FIG 1 shows a top cut-away view of a )
Hﬁ&ﬁgpitar Tieare g diegndataky st MG dc d6r ganellqieh spparating a
| east one enhodi nent of the present 5 invention. FIG

£3udAo\EOnRaS - CButRHWRPTY i B of NE2FBr ag Lot da aneht the coolant

exchange systemin accordance with at | east one
SGHEGRN MERES of A hethe KSR FROGHTHoAPPAER RIG 15 Ssmaeble £rom

o8l e of SHE FhICHTS S
BeC 6P RARRE BPPRCAL “Toatt S LGP IAHLo0T A R cBBriosn the

ohBYEDL I Q0,1 481 E G, 43, shons 8,1 0D Culc avay YLOW OF (B cyause

|
ange systemin accordance

j | NV: 0. : Kl 4b .s|
SGFHBILIE N S i PLES B U Ly o B bucen

oRULEEN £ PECRE CANE L 1db A2 t2AocPB 0 "RACK AL Obne 1iquid

cooling apparatus is separable from the coolant source. '

In another embodiment of the present invention, a heat

exchange device includes a printed circuit board, a multichip

module mounted on the printed circuit board, a cold plate

positioned on the multichip module, and a fastener connecting the
printed circuit board and the cold plate. Where the fastener urges
the cold plate against the multichip module and ﬁhe multichip
module against ‘the printed circuit board. The cold plate can be
positioned to form a lid to the mﬁltichip module. The cold plate

can also be a conpression plate.
BRIEEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present invention will be

better understood with regard to the following description,
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20 present invention. 8 WO 2006/ 004869

PCT/ US2005/ 023174 DESCRI PTI ON The present invention
WiO0PoifE8%, heat exchange system which 5 functBHYES2085/023174

provi de an even distribution of the heat exchange

medi um across each of the heat exchangers. This

di stribution can include providing even pressures,

flowrates as well as tenperatures and conposition of
aphendedlialminFhi endi ateohpandmg dirhensgs hehddeows of the

mediumto be predictable and consistent 10 through

each of heat exchangers. In turn, an even heat

exchange capacity, i.e. heat transfer rate, over each
of t%@héatsh@%éhana%@ CufwvRchivdeedof As pardllalhdeat exchange

tqueratures of each of the heat exchangers, and
SYRETRI G @& IBREEL FORR 2 ohpRterne smbachBgntt pér the, present

iq@n bhe kept at the same tenperature, -or within a 15
FEUeiel y narrow range of tenperatures. The even
di stribution of the heat exchange nediumis achieved

in part with use of an intake manifold and an exhaust
ers attache

miniEfI@.d'% thovpsav‘ianQO a‘é}t%%w%g}vit%ﬁgh egat BRE b?.'réeog a heat

to a single comoh suppl

em&é@ sgggeﬂi %ré':l X yd%?lc‘éo?vf?ﬁ ha@%ﬁﬁt:fé%lézggggdfggnt of the

be kept even. 1ty o e para

praxehanggvsysiem to keep the heat transfer, and thus
the tenperature, the same across all of the 9

FIG. 3 shows a side view of a portion of a heat exchange
system in accordance with at least one embodiment of the present

invention.

FIG. 4a shows a top cut-away view of a heat exchange systeni in

accordance with at least one embodiment of the present invention.

FIG. 4b shows a side cut-away view of a portion of a heat
exchange system in accordance with at least one embodiment of the

present invention.
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WD 2006/ 004869 PCT/ US2005/ 023174 heat exchanges and
their associ ated el ectroni c conponents, is in_ direct
WOFMIYUWEE6%t 0 t he serial cooling systems, descriBsddiS2005/023174
above. Because a serial systemflows cool ant through
one cooling block after another, in succession, the
conditions, i.e. tenperature, of 5 the coolant will be
altered after passing through each cooling block. As
"a result, the tenperatures across the cooling bl ocks
vary along the path of the flow of the coolant. In
tenperature sensitive appPEe@IRNHELN such as cooling of
10 el ectronic conponents, i.e. chip nodul es, the heat
exchange systens nust be capabl e of maintaining
rela%?ve const ant tenperaturegeon each conponent .

Fai | GPE PESHoRS G AP HO8UPRCHAdeg, AnkERt FHqUEERoySten vhich
I [  f , lor_, ge t h

BBREARER: t° REPELUReRTT FURR JioRiiBAELST effpeFAT qpgat exchange

mEAtpRaefiPed Sadn bt 08T SoetheBEe N G Chibution can

. ' wel | ' ise;...On t
U orR SRR | S TSR Sty AR et

ity in cooling all ows

t%g%%§£€ﬁ§e§0§R9n8§%P§%?ﬁ§@§’ofh@ﬁgbﬁe&?ﬁﬁpasbﬂgs distribution

or mance and wering costs. W narr ower

aPPERAt LR FEHPET §F UFIE: FARERS & BPONMSteR8ReP8nd consistent
designed to operate at higher frequencies and to use

thessgpoNEsh WA tHa AU |e§-<icﬁahgeﬁ§’§w| S, t@Fn, MM evidsiCHebR exchange
automated test 10 WO 2006/ 004869 PCT/ US2005/ 023174

capacity, i.e. heat transfer rate, over each of the heat exchangers

is achiewved. - As such, the temperatures of each of the heat

exchangers, and therefore the electronic components attached

thereto, can be kept at the same temperature, or within a

relatively narrow range of temperatures.

The even distribution of the heat exchange medium is achieved
in part with use of an intake manifold and an exhaust manifold. By
having each of heat exchangers attached to a single common supply

of the heat exchange medium, the distribution to each heat

exchanger can be kept even.

The ability of the parallel heat exchange system to keep the

heat transfer, and thus the temperature, the same across all of the
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equi pnent, or ATE, sensitive pin electronics die used
within the MMtypically can not neet their
WHePtRAce specifications without tightly PCT/US2005/023174
controlling their operating tenperatures. In sone
enbodi nents of the present invention, the tenperature
range of the 5 MCM5S have been found to be abl e of
being maintained within a 1C tenperature range. FlG
heashghehangep e VEhair amgpcdpted patetteinifegomponents, is in
exchange systemin accordance with at |east one
darBobi %@ﬂ’%r%ﬁt the pRessfrial ocqhidwt P tens sKismgriged above.

heat exchange or cooling system 100 is positioned on, a
BRFPATRdR CPPELRT BEARTR of L (PORIGHts (i oAl oPE ©901ing block

oSOBPLp Alpooth SRl Lhe SOIROERLS 070908 e, o
' I Llel, t heat .
ShOCRURARES L1y ety (BLERTBEIERLe, LREGDSE e combing

b%ﬁ%ger aﬂgr% 3&3}2?‘9? gﬁé(i {fegm ra%%e%ag.?‘_ﬁ:g%rsi g?lelal%?g@%%g blocks

tantia t he sane, erature.

vEEY L Ahe BELKCBP Lk i Bl ¥ALYcHAT LN comon

range of” tenperatures. This can resu i n inproved
and nore uniform performance and provide a nore
comon |ife-span of each. device, reducing the overall "

amouil t@fbofatiffe/i e HiQQUidRA.1 cERC0R80! isRgnSYS! eMBoling of
100 includes - an inlet or intake manifold 110, inlet

eDéctirindke &oR@Shétd)0sese 120, cHigat mgaehawgefelIHbat exchange
outl et or exhaust tubes or hoses 140 and an outl et or
sesteaust mislk WRe2 0064 fiAR69 HCT/MdS20030043174elative constant
temperatures on each component. Failure to do so can result in
dramatic reductions, or errors, in performance, and/or damage to
the components. More specifically, adverse temperatures can affect

timing signals of chips, and, due to increased electrical

resistance, certain analog functions, as well as increased noise.

On the other hand, predictability in cooling allows for more
efficient component designs, thereby increasing performance and

lowering costs. With narrower operating temperature ranges,

- components can be designed to operate at higher frequencies and to

use less power.

With multichip modules, or MCMs, used in automated test

10
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mani fol d 150. The card 160 includes an edge 162. The
evices 170 are nounted on the card 160 adjacent

WO DAY The flow directions of the heat ex ﬁggmwmzn74
medi um (not shown), in this enbodi nent, are shown

generally by the arrows A, A2, A3, A4, A5 5 and AG6.
The intake manifold 110 functions to allow an i ncom ng
flow of the heat exchange nediumto be evenly

SERSPRENUL €f AV, FeISitdve pim| %be%fd?“mé@lsedilleo“tsﬁ@ within the

mani fol d 110. The intake manifold 110 10 i ncl udes
MEY iBH- oo 1di Sa R vt PeRt rdGiienPaa L TR ﬁ@%cﬁl%“&’ﬁ’d” without

en end 16 The, gener al f|OMIdIreCtIO of the
tﬁ%%i"lgxé?%ﬁé’ Ligdi uFﬁ‘%’n’f ofFIF &P nt SERBPAERHTHSI 110In some

A2. di th di
epRed i heo oﬁaﬁﬁ?gﬁg%gﬁv% 4o REL oL L sbREeEACTfe Ty of the

MCRP e R Res e T EP e o m%rfﬂaiéﬁ%%m‘fﬁﬁ&hﬂoa :

he card 160 it all ows the heat exchange
tQ@ %%n1 Or%% “the card 160 to be a single unit,
naklng installation, renoval and servicing of the
conmbi ned unit easier and quicker. Wiich in 20 turn

can ggduge sHhGst Engoﬁr\gléws;tutméwg?' BEeq 355‘&.@&]@.’& heat exchange

repai r. The heat exchange nmedi um used in the present

sTAVENT P ¥R ceaRY Rl a8 Vadd€tohOlenPHSRAEESF the present
Including a liquid or a gas. ‘Usable |iquids include

ihPeitido Ui dss asibwihed héah dsxcisditfe asr Web&ELing 1yaMBm 100 is
2006/ 004869 PCT/ US2005/ 023174 flourinert dielectric
pdd it tbhnddFEnasa o FGied eticavai battd or @ardM 60, such that it is
capable of cooling each of the components or devices 170. By being
arranged to supply cooling to each of the devices in a parallel.
arrangement, the heat exchange system 100 is capable of maintaining
the temperature of each device at the same, or at least
substanﬁially the same, temperature. That is, all the devices can
be keep in a relatively narrow common range of temperatures. This
can result in imﬁroved and more uniform performance and provide a

more common life span of each. device, reducing the overall amount

of servicing required.
The cooling system 100 includes an inlet or intake manifold

110, inlet or intake tubes or hoses 120, heat exchangers 130,

outlet or exhaust tubes or hoses 140 and an outlet or exhaust

11
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corp. of St. Paul, Mnnesota. Usable gases include

air, helium as well as other gases. In the
WOt shown in FIG 1 an inert fluid caf@UEYz174
as the heat exchange nmedium 5 The distribution region
112 receives the heat exchange nedium from an
external source (not shown), such as a cooling system
ration unit, a heat exchanger, a heater,

mﬁﬁﬁﬁ { 'voFPeoFar@rﬁ§q|1%€1u¢§5t¢ﬁaﬁﬁ§ﬂ &ﬁ?ﬁnv¥k9|4ﬂﬁéces 170
t he dIS ri.butiq e} i.t 10 is applied even
“E3° BRERER P oL 190, 2#haShecthbodize 1nd’ The flow
t stributian ion 112 can vary and ) .
%gggﬁ nsg g% OL?act grs£| né’ﬁc&&%ﬁﬁt owrakt eShPHpY, in this
f | SLIi ian 112 th
e%?%%%?%ﬂﬁs B e BB g8 e At B2, a3, me, o
aRhessure, conpressibility, VISCOSIty, and the like. In
some 15 enbodi nents, as shown, the distribution region
112 is significantly larger in cross-section than the
openi ngs 114 and the opening of the open. end 116.

Thi srrad hawskéhaadd g 8t e alnddienBead £xchaage; é&ﬁ?ﬂﬁnklow of

to reduce upon entering the distribution reglon

tladildheaftaceﬁdﬁaaigés mdeimditst bebabbanyt 8i5PLIIOPEN NGRer a set of
114. - 20 The openings 114 are positioned al ong the

tilntrak ecorarecieldd thl GheanthififeQd Qoo athOW At oW thabierold 110
directed into each of the intake tubes 120 attached

intdilerdetsoa NWndm&axhowmsbfmn@txmﬁnﬂégiﬁadlatPr&béhld@%”mmﬁ and an
side of intake manifold 110, in other enbodi nents the .
opeh end 116. The general flow direction of the heat exchange

medium through the intake manifold 110 is shown by the arrow A2.

Depending on the embodiment, the intake manifold 110 can be
mounted on’ the ca;d 160, positioned. over the card 160, or
positioned adjacent to the card 160.“With the intake manifold 110
mounted on to the card 160 it allows the heat exchange system 100
and the card 160 to be a single unit, making installation, removal
and servicing of the combined unit easier and quicker. Which in

turn can reduce the time and cost of maintenance and repair.
The heat exchange medium used in the present invention can be

any of a variety of substances including a liquid or a gas. Usable

liguids include inert fluids and other fluids, such as water,

12



WD 2006/ 004869 PCT/ US2005/ 023174 openi ngs 114 can be

on ot her sides, or about the manifold 110. Wile the

WO 2006/0869shape of the openings 114 can vary, tRET/US2005/023174
achi eve a bal anced and even flow through each of the

openi ngs, the openings 114 typically have a conmmon

si ze and shape. The particular size 5 and shape of the

openi ngs 114 i s dependent on the particul ar
Hppiricgrtodiabebwdic Anjidde pgBdend 8077 dotidy savailable from 3M
including the desired flow rate through the openings

corp - ahdt-hEaploptimresotef. theelleagaseschrargelemaiiruhelium, as
as_noted above. 10 The intake manifold 110 al so

vehdl GFeSTIRE RERS enth 1855e SPPHLMads shewepani B§G11E, an inert
ﬁ%Lomﬁn the fl ow of heat exchange nediuminto the-

Tahrr 678 B9 390 @SafexPet hat X @nase MeAdimshown) . The

5 external source can be a cool ant source. The size and

shape of the opening 117 can vary depending on the

nmbodi ment d fact i.ncl udi 15.the f| t

ond ThE e AR in A 1 TG s Sl Beh Sfange medinm
' t ' k

TR gt A LR AL R o in o R A (S RilasT,pysten, a

rgggsgéﬁmam engxt el ?%%ts Qefignoll, th %eiar%te%l,(ep%ﬂ],i T rvoir or

The connect or can I ncfude a valve!

tNal VeS| t Qs PRV RBL: A AdFAd 1ARY kﬁ%%@%rﬁguﬂlgn hf’@gtion 112, it

exchange 20 nmedium The connector can al'so be

10 iPoshpinnedvaway fsomdber % pRadiddd A ONY e sggggﬁc size

fromthe external source. connector 118 can

afidli Sapl YFORRECAi RANMRELEBH +OgHbA AW Ren XL LT depending on
source tube to be relatively quickly disconnected from

fadicoraanidielddnglihe SEXdw aadsChndbSaRaneat FORPRCHIEtribution
facilitates the .
region 112, and the properties of the heat exchange medium, i.e.
pressure, corﬁpressibility, viscosity, and the like. In some
15 embodiments, as shown, the distribution region 112 is significantly
larger in cross-section than the openiﬁgs 114 and the opening of
the open end 116. This allows the flow rate of the heat exchange
medium to reduce upon entering the distribﬁtion region 112 and
facilitgtes even distribution to the openings 114.
20 |
The openings 114 are positioned along the intake manifold 110
and function to allow flow to be directed into each of the intake

tubes 120 attached thereto. While shown béing positioned along a

common side of intake manifold 110, in other embodiments the

13
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14 WD 2006/ 004869 PCT/ US2005/ 023174 qui ck renoval of
the card 160 froma test head, or any simlar
This in turn allows for reduced serRGIES2005023174
tinme and | ess equi pnment down tinme. Also, this
provides nore flexibility in allow ng individua
cards to be serviced without inpacting other 5 cards
in the equi pnent. The intake tubes 120 are connected
OBéf‘w@‘éﬁ the FaAcake pBNPOLBRE Si®eSandrt RBohbathe manifold 110.
xchangers, 130, and function to carry the heat
WB& Rahe Sed amct ﬁ@ﬁ@%eﬁefé}ﬁ WA PRt Ake FbFaryp to achieve
Ludes an 10 in 2% an utlet 126. The ]
ag%% 555 BB T PodtPunch s SHomch by tHe SPPBINES. theeopenings

K t 120 be of
% ? 7! S |a%ggoﬁgPadFﬁégrﬁ%%e?haEﬁzmlﬁh§S§a§Fé§Plar size

a %gggﬁ%g]o ofpl éﬁé I 8%@1\/1_&]%4 1?Qd&cgf ﬂeﬂﬁel%gﬁ% particular
Y A -
130 ra@s tﬂ?%ﬁﬁhbﬁ% Q%E?z‘ﬁ’ng-srhflé?' Za%da%ﬂe ?ﬁ%? e 1 dPRf the heat

i ntake tubes 120 can vary dependi ng particul ar

cRPRANFA RN umlag s Of St d NHYHNg t he deSI red flow 20
rate and the properties of the heat exchange medi um

determining the size and shape used for the intake

tubes 120. The outlet 126 is shown being attached to

t he Teat nexebangerfolidl 1aboAls &N fudeSthé I 18 end 116, which

however, the outlet 126 can be attached to heat
hmcahangemngam'at addpwhhgativarilehy off hehf feaichRhgBOnBESum into

about the heat
the manifold 110 from an external source (not shown). The external

source can be a coolant source. The size and shape of the opening

117 can vary depending on the embodirﬁent, and on factors including

the flow rate and the properties of the heat exchange medium. The
open end 116 can also include a connector or intake connector 118,
which functions to attach the tube or hose from the external source
to the intake manifold 110. The connector 118 can include ;":1 valve,
or valves, t-o prevent or limit any leakage of the heat exchange
medium. The connector 118 can also be positioned away from-the
open end 116 along the tube from the external source. The
connector 118 can be a quick-disconnect connector to allow the
gxternal source tube to be relatively quickly disconnected from the

manifold 110. Such a quick-disconnect connector facilitates the

14
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15 WD 2006/ 004869 PCTI US2005/ 023174 exchanger 130,

dﬁﬁendigﬁ on the particular configuration of the
WO 0y00 outl et of the heat exchanger 130. B&lGAgEWR005/023174

the inlet 122 and the outlet 126, the intake tube 120

5 can include a connector or first connector 124 which

allows the intake tube 120 to be separated into two

portions on either side of the connector 124. The
BeekedeBPVeR4 ofakhiencrgde 180v direl, aoitesfalhpad, ©F any similar
prevent or |limt any |eakage of the heat exchange

FBFTARES Thel Righnidt o1 2410%s oY iadncgdssRivApe time and less
connector on the 10 exhaust tubes 140, as detailed . _. )
WELBRELY) AR (HESheat 2EXThahfts PEHViEes pBOFEmfv&dibility in
f.rom. cooling system 100 wi thout repoving. the rest of .
TREEHEI FAG S m FIO FSmPEnE L 0o 4601 EhEnE, RRaRting othex
C%Q shggtthe§§Q9n %&tlso may be renoved to facilitate

ACCEss"t 0 T hel d&VITCe 170 or structure bei ng cool ed by

t he heat exchanger 130, i.e. a MCM as 15 shown. This

al l ows i ndividual conponents to be serviced w thout

| mpagh L ng,+QhRer . 5ouPeNelL s d%ﬁgfege@%éw%égl $9e g’l{&e manifold

the heat ‘exchanger 130 an evice 1 bei n

- 1ApURhedthe gagh 8&@@&néék§“33dﬁﬂéﬁﬁwﬁﬂﬁatﬁehttoa?ﬁgry the heat

detai |l ed bel ow, the connector 124 facilitates

ckenaNge miaidie tidfeddtamchhe ehaamrnahtaredc48Q. 120€includes an
connector 20 124 can be a qui ck-di sconnect connect.or

iaueh B arfda@opnectori2ayaitmbleenbram Eabwrni A QdWnPis shown
Inc. located in Maunee, Chio. The use of such a

bgutik-atisromiect Thar i hedke adibees 1pbeckh Nbe adfl £fff @t a variety
need to di sconnect the tube. In turn, this further

of effiftfiex-ehlbematerials including rubber, stainless steel, aluminum,

plastic, vinyl, and copper. The intake tubes 120 can be compliant

and/or flexible tubing which may be required for adjusting the

alignment of the any connectors placed along the intake tubes 120,

as described below.

The size and shape of the intake tubes 120 can vary depending
on the particular application. Factors including the desired flow
rate and the properties of the heat exchange medium determiniﬁg the
size and shape used for the intake tubes 120. The outlet 126 is
shown being attached to the heat exchanger 130 along one of its
sides, however, the outlet 126 can be attached to heat exchanger

130 at any of a variety of different points about the heat

15
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service tine and equi pnment down tine. In sone
enbodi nents, the 16 WO 2006/ 004869 PCT/ US2005/ 023174

WOMPMWERH 124 is referred to as an inlet col d BSTge005/023174

connector. The heat exchanger 130 functions to

transfer heat between device it is positioned wth,

i .e. nmounted upon, and the heat 5 exchange nedium In

some enbodi nents, as that shown, the heat exchanger

exgbahgact L80s ﬁepen@inqhendéhécpaﬂﬁibdﬂaﬁ danfiguration of the

posi tioned wunder the heat exchanger 130. In certain

iadetdhrenes lathe fddhec beat 78x¢tsmngde 186l.dpl at e bonded

such that the cold plate is in close proximty to

conponents of the device, i.e. the bare or exposed 10

dies_in an MCM As noted above and as further detailed

bel offtYPRE TheatlndREnbAgeindl Sheapdtiele Iddvi Ehelimtakm tube 120
ted together in an _integrated unit. The size

"gﬁdr’gﬁgﬁ%e oft Fﬂﬁnﬁ%‘é‘?r e% hihigir Ci%%%ﬁ’rv&?ﬂ whgch allows the
ABBTPCLIR DL SEMEPIECH Ty LS PSR essn i oo
FASINREREL S T RS D P AR e,
oFRUB o AT STy g5 hes el LS, exonance
<BSE5 S A SOESy Seri S6 0 18T pompegor on tne

eﬁﬁ&@ﬁp g:%‘be;.394 4N %! H ﬁ@ Ea?f%cli 'ﬂe%to]yl 321 f(pﬁgs %ﬂeoﬂ%%]@ t‘al%{changer 130

4. whi ch depending on the configuration of

ts)@@%edlgigem%lki%gl Q?gﬁgﬂ Ao qflftilg{lenl'erg&ﬁl{d AR rest of
about the heat exchangeér |
the coecling system 100 from the card 160. As a result, the heat
exchanger 130 may be removed to facilitate access to the device 170
or structure being cooled by the heat exchanger 130, i.e. a MCM, as
shown. This allows individual components to be serviced without
impacting other components on the board. Also, with the heat
exchanger 130 and the device 170 being mounted to each other in an
integrated unit, as detailed below, the connector 124 fac:.lltates
the removal of the unit from the channel card 160. The connector
124 can be a quick-disconnect connector such as a QD connector

available from Eaton Aeroquip, Inc. located in Maumee, Ohio. The

use of such a quick-disconnect further reduces the time and effort

need to disconnect the tube. In turn, this further reduces the

‘service time and equipment down time. In some embodiments, the
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17 WO 2006/ 004869 PCT/ US2005/ 023174 130. The heat
exchanger 130 can be of any of a variety of different

WRRAGPUAPY which aid in the heat transfer, inclRi/BEp005/023174

materials with 5 high heat transfer rates such as

copper, brass, alum numand the |I|ike. The exhaust

tubes 140 are connected between the heat exchangers

130 and the exhaust manifold 150, and function to
coaneyto#(l2helsheafeexehangamaredi umichecebetpbeaie doaakcetor.
exhaust tube 140 includes an inlet 142 and an outl et

146. The general flow direction is shown by the arrow

A4. The exhaust tubes 140 can be of any of a variety

of dFfh¢ehent eucbaneds 19| dunatiewdbér, trenafer eksat between

steel, alumnum_ plastic, vinyl, copper. The exhaust
devi¢Rbés 140 rRamitBenednpiithnt iasd/ diourited bineny ulsingy the heat
which may be required for adjusting the alignment of
SFRRANGR BBRHERt or &7 pPaBRJeTRaPSHECH S tabethaoshern, the heat
describeg£§FIOML The:si ze and shape of the exhaust S
S¥EhEIaa0 Tat WaFy O pehdiaRy T6 BRVERR bt thihah 4p positioned
application, wth fact including the desjred. flow )
uB50% G i ErblardRt I (e Reata bt critt et ean e device

1,1l j h _th h b .
SRS S AN IR, gt DB R L% in ciose
ehegin U 0SGTac kA0 BL 08 BUE SLvsbhe 3IESDNRNELor crposed

dies in an MCM. As noted above and as further detailed below, the

heat exchanger 130 and the device 170 can be mounted together in an

integrated unit.

The size and shape of the heat exchanger 130 can vary
dépending on the requirements of the particunlar appliéation. For
example, the size of thg heat exchanger can be directly dependent
6n the amount of heat that ﬁust be transferred from the device it
is mounted to, and the device’s surface area available for the heat
transfer. The heat exchangerl130 can be a cold plate with a

variety of different configurations, as further described below.
The heat exchanger 130 includes an inlet 132 and an outlet

134, which depending on the configuration of the heat exchanger

130, can be located at different positions about the heat exchanger
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WO 2006/ 004869 PCT/ US2005/ 023174 130 at any of a

variety of different points about the heat exchanger
W%?G"Qi}éfﬁé’ndi ng on the particul ar configurati or?cé‘VU%ﬁ%S/‘m”“

inlet 132 and outlet 134 of the heat exchanger 130. 5

Between the inlet 142 and the outl et 146, the exhaust

tube 120 can include a connector or second connector

144 which allows the exhaust tube 120 to be separated

1Bfito two portions on either side of the connector

144. The connector 144 can include a valve, or

valves, to prevent or limt any | eakage of the heat

exchange 10 nedjum The connector_ 144, along with the,

connEle drea2g*ghandrr 134 sRe heud 229, °h1a sakiehe Hedifferent

exchanger 130 to be renoved from cooling. system 100, )
n3Fe 51 i AgdtHe ‘ﬁ%&PeﬁF PRSI ﬁagéyé’c%?nmafé‘élals with

fromthe card 160. As a re t he heat exchggg

|

i Lt © 130
hig) Bee R Ftag| PPEA: 87 AEURRY 1 PIHE dAITERTand the

'l£$%structure being 15 cooled, i.e. the MCM as shown.

b, wWith the heat exchanger 130 and the device 170
bei ng nounted to each other in an integrated wunit, as
det ai |l ed bel ow, the connector 144 facilitates the

r ermi’k?é egfhatug% uEilileé rofygd h%r%ar goﬂlﬁ@ctg@e l:ﬁqufsé%glt Ofthe heat

144 can be a qui ck- di sconnect connector suc

e£ORNRELQY 13¥aLhabhiR IHARLER! AL 2L REM8AYI Bnd | Afhction to carry
lodated i n Maunee, Ohio. The use of such a qui ck-

tﬁ%Sﬁ@ﬁﬁe%%chaﬁ&QGEeHEQMC%ﬁe&@ﬁe%h@@nﬁndE%Eﬁo%kﬁ%%ég‘ﬂ%be 140
di sconnect thé tube. In turn, this further reduces

ihdEncERy Vhfie f{d1® andh egdi RIENbutod tidle. | MhEOMRneral flow -
enbodi ments, the connector 144 is referred to as an

dirdedidnlid ghawh bpnftectarow A4, The exhaust tubes 140 can be
of any of a variety of different materials including rubber,
stainless steel, aluminum, plastic, vinyl, copper. The exhaust
tubes 140 can be compliant énd/or flexible tubing which may be

required‘_.for adjusting the alignment of the any connectors placed

along the tubes 140, as described below.

The size and shape of the exhagst tubes 140 can vary depending
on the particular application, with factors including the desired
flow rate ‘:and the properties of the heat exchange medium
determining the size and shape of the exhaust tubes 140. The inlet
142 is shown being attached to the heat exchanger 130 along one of

its sides, however, the inlet 142 can be attached to heat exchanger
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19 WO 2006/ 004869 PCT/ US2005/ 023174 The exhaust

mani fol d 150 functions to collect an outgoing flow o
WPR804{043% exchange nedi um from t he exhaust tubé’§TiUﬁ?°?56]23174

be sent out of the system 100. The heat exchange

medi um can be sent to a 5 coolant receptor. The

exhaust manifold 150 includes a comon or collection

region 152, openings 154, and an open end 156. The

188neatal 2@Y r &&t | N VEESALHF athedhbtrrantc hepget sregbant  the heat

t hrough the exhaust manifold 150 is shown by the

eéF%Wg% 13% [%&mﬁ'd%%ﬁ@ o tiHe egddicHdat, Cpﬁél‘é‘kﬁ%\wn of the
. iﬁ 150 ca T mount ed on the card 160, or
J—Eﬁgm bourisk %.%ﬁ* erihe dephectaranaeBd 30w th t he
exhaust nanifold 150 nbunted on to the card 160, the
heat exchange systen1100 and the card 160 are a single

o E% RS PG LY 192 898110 GHELGH kdGar EhF G Eube 120
cgﬂe a%dc%%ﬁ%c?éﬁngkng ggﬂ&&ééﬂﬁ%ﬁ%&%PiéﬁcﬁSﬁﬁg allows the

CO| ec Ion re can direct

ecog+égntdﬁg @QOe%$eﬁé“§ ﬁ@ﬁ' Egttﬁ%“ﬁ%pﬁlﬁﬂécgnagleher side

I ng system a 20 re rlgera I'on uni

o EXERANGSne cRoReRL LY - PHQpcoﬁﬁggﬁéfmfﬁéo Cahhenki k8 %h§alve, or

specific size and shape of the col ectlon reglion

vEBFedar o apdetependi-ng iof +f aglpr fededdIdbAg thRe HdAW exchange
rates, and the properties of 'the heat exchange

mérlinim Thee. co@h@&&ukel4490€@6ﬁ§5hb’tﬂll’EB{e VoK dY 124 on the
and the like. In sone enbodinents,
intake tube 120, allows the heat exchanger 130 to be removed from
cooling system 100, without removing the rest of the cooling system
100 from the cérd‘160. As a result, the heat exchanger 130 may be
removed to facilitate access to the device 170 or structure being
cooled, i.e. the MCM, as shown. Also, with the heat exchanger 130
and the device 170 being mounted to each other in an integrated
unit, as detailed below, the connector 144 facilitates the removal
of the unit from the card 160. The connector 144 can be a quick-
disconnect connector such as a QD connector available from Eaton
RAeroquip, Inc. locdated in Maumee, Ohio. The use of such a quick-
disconnect further reduces the time and effort need to &isconnect
the tube. In turn, this further reduces the service time and

equipment down time. In some embodiments, the connector 144 is

referred to as an inlet cold plate connector.
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WD 2006/ 004869 PCT/ US2005/ 023174 such as that shomn
he col | ection region is significantly larger
WQ@B@% We¥etion than the openings 154 and the oﬁ&?f‘f?&“@fﬂzn"“

the open end 156. 5 The openi ngs 154 are positioned

al ong the exhaust manifold 150 and function to allow
flowto be directed fromeach of the exhaust tubes

140 attached thereto into the collection region 152.

While shown being positioned along a common side of

t he exhaust manifold _ 150, in other enbodi nents the
opentAySHBESE AR bt Dt dbRefungidens 10 erllgssuantdregoing Flow

ifold 150. Wiile the size and sha e of the
ga wa ﬁb%afiﬁw&l&ﬁgsa%dl% Hhe Srhaveh Tk tiffolighbe sent

£ S e B o
paﬁ%)l%f:u%ece gpgf)feg?g aﬁ‘ds arﬁa’@)]a#]‘ilj“géﬁg’g&rnﬁgui:}ﬁs a common or
OB e A el 04 B B ot A The
g8RL UM 4 A% N9t ed AV &£ T{ﬁ%eﬁgﬁstgx%ﬁg@%&ﬁgﬂ a’éhrough the

i ncl udes an open end 156 open

RN habB oA 50 & d %mﬁnh% kAW Qf P35, 20 exchange

medi um from the mani fold 150 to an external |ocation
(not shown). The size and shape of the opening 157 can
vary depending on the enbodi ment, and on factors

i ncineghendi heoh | ©ve r@%@_ﬂ@nhheth@f&ﬁ?ddgte%a%fbh& 150 can be
heat exchange nmedi um The open end 156 can al so

 mduntledden at 0 RARE! DEO Prore bR SE 0SEDNRGOBy 168 adbhitCho the card

functions to 21
160. With the exhaust manifold 150 mounted on to the card 160, the

heat exchange system 100 and the card 160 are a single unit. This
makes installation, removal and servicing of the combined unit
easier and quicker, reducing the time and cost of maintenance and

repair.

The co}lection région 152 can direct the heat exchaﬁge medium
to an external device (not shown), such as a cooling system, a
refrigeration unit, a heat exchanger, a heater, pump, reservoir or
the.like. The specific size and shape of the collection region 152
can vary and depending on factors including the flow rates, and the
properties of the heat exchange medium, i.e. pressure,

compressibility, wviscosity, and the like. In some embodiments,
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WD 2006/ 004869 PCT/ US2005/ 023174 attach the tube_or
e to the external location to the exhaust manifold

hos
WOZ806/08# % connect or 158 can include a val ve, ofGIAJSRE5/023174

to prevent or limt any | eakage of the heat exchange

medi um The connector 158 can al so be positioned away
fromthe open end 156 5 along the tube to the externa

source. The connector 158 can be a quick-di sconnect

syehnast bhrat cslaivrowthke ceklecnialn tnalge oho ibesigel Aitdantlly larger
qui ckly di sconnected fromthe exhaust manifold 150.

18uekRCES IRAEK- Al $benntlee axmmiegtol 54 iand deunpenimg wift lthe open
the _connector 118 on the intake manifold 110,

epdciPPtates the quick 10 renoval of the card 160 from

a test head, or any simlar apparatus. This in turn

all ows for reduced service tine and | ess equi pment

d t provjdes nore flexibility in
af’l“ﬂm&"bwge. HOAAEEOP O L MR 80p0F e PbRYSt Tani fold 150

WSS s ARt A e
BB Y AR SO, BRI 0E, e

| sRGwR HB»i' (;]A%B'sjp.tﬂggéeﬁ gaflo?xr ohnavsllrc]i% Iﬁgtl'g?l eg{glélgg gmanifold

di es. exanp A2cBorT NG appara

1t oot A3l . SRS NPT O e,
OJELEEE‘BQ\"tﬁeE%rP VN, 1% Gt fwﬁhgé’ t‘?lte aé:i:ze and shape of the
openings 154 can vary, to achieve an even flow through each of the
openings, the openings 154 typically have a common size and shape.
The particular size and shape of the openings 154 is dependenf on
the particular applicgtion and  can vary depending on factors

including the desired flow ratelthrough the openings 154, and the

‘properties of the heat exchange medium, as noted above.

The exhaust manifold 150 also includes an open end 156. Thé
open end 156 has an opening 157 which allows the flow of heat
exchange ;nedium from the manifold 150 to an external location (not
shown). The size and shape of the opening 157 can vary depending

on the embodiment, and on factors including the flow rate and the

properties of the heat exchange medium. The open end 156 can also

include a connector or exhaust connector 158, which functions to
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i ssued February 16, 1999, which is hereby incorporated

ererence in %2 WD 2006/ 004869 PCT/USZQOS/023174'sﬁé;%zn74
WOrROPHA%IEY FIG 2 shows a top cut-away view of RET/US

portion of a heat exchange systemin accordance with

at | east one enbodi ment of the 5 present invention. A

heat exchanger or cooling plate or cold plate 200

includes a structure 210, a inlet or intake connector

B3Gndhea tykel er QPS@Xﬁ8u§hecéﬁh%m®]r.lcﬁ%ﬁ:io'ﬂﬂeto the exhaust
a heat transfer nedi um (not

, ; f |
BRBRAT shtin Biper FerRG Gl 1 BY, S e paeps wldeBSor haves, to
' t.e .200 be renoved fromthe rest of 1
ERehBap e iR fg@nsy dealinBs Ofic tbonmeatorscaaoandogsen. The
nance or replacenment of the cooling

SRR ORLDEOTOE el SO St ot St ns 150
: i 210
oSo0k 0 e g EUROSLL o T ulare 20

t he” cool i ng
—& LHAH 2 e 214, a |ower plate 216,
qﬁ%éﬁp%esﬁgc}gr%t%g: (%%‘?mg O\Am)],toanajlﬁiﬂwet ‘L‘g‘is € f n&g tuzbe to be
i vi der

: th 2
e Sl Pt A L AL B 100

h o i t shown nerally by,
T o e et Bs, PP o HRRicigl, okich  the

chrmatitioactia® toh SeeeClritedleY nfah@Wolilr St o OVeL. ]'C' f.‘[éﬂens the quick
regi ons, which are positioned above particular

regupdnent shefcddde 1 sdemde abeb 59 HRQ ey ér?y Ss‘l%%aﬁfnapparatus .
FIG 2. A variety of other

This in turn allows for reduced service time and less equipment

‘down time. Also, this provides more flexibility in allowing

individual cards to be serviced with impacting other cards in the

equipment.

Depending on the embodiment of the present invention, the card
160 can be a channel card or a printed circuit board. The device
170 can be an electronic component, such as a multichip module, or

MCM, having pin electronics dies.

An example of a cooling apparatus or cooling plate is set
forth in U.S. Patent Number 5,871,042, entitled LIQUID COOLING
APPARATUS FOR USE WITH ELECTRONTIC EQUIPMENT, by Gutfeldt, et al.,

issued February 16, 1999, which is hereby incorporated reference in
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23 WD 2006/ 004869 PCT/ US2005/ 023174 enbodi ments with
different internal flow patterns are possible b

WYY and rearranging the frane 211, the HAGKHEERP05/023174

212 and the channel 214. 5 In the enbodi nent of the

present invention shown in FIG 2, the divider 212

functions to direct the flow such that it first flows

over the regions XI and X2 then on to region X3. The

irtegieonsriXg, X2 and X3 can show the positions of

conmponents, i.e. chips or dies, of the device set

bel ow the cooling plate 200. In sone 10 enbodi nents,

the regions X1 and X2 locate pin el ectronics dies and

t he Fégi-oR Xhdvscat e8oR @PHTrewhy ASLe&vchifpa |pputhege of a heat

enbodi ments; since pin electronics dies are typically

eshangensysFee it accerpenat ureth dfelleasinang apiadigent of the

thereof, than digital ASIC _chips, the flow of the

PEEEPRAt LFEERRiosct il PERts EXERRRITTHhOTr 8BPHIRT FIake @Rgrold plate
enbodi the pin electronlcs di es

| Xﬁ lnﬁ%@?é»t%%iwgﬁtlr%%ge Eiﬁpe? altri}]ﬁé? Of dBERKY ‘Eﬁﬂ;“%?tor 220 and

d f . th h f
o2 BEELEE o e, Mgt o L RS o R R o o
58k T A0 2000 M SR 8. 2, 3,

Bgnggﬁllg@nt ﬁ{e ckg‘llggsﬂ%{@rmf%%lnl Bg %ﬁ&%g f?rro(?n\/itql%drest of

to the pin electroni es 1 n each of vices

tige(a)gh% FEt chgﬁbggsfglggr@%ybfhgaegnﬁécé% %99' EH@ ﬁ@tf%‘} repair,

maintenance or replacement of the cooling plate and/or the device

(not shown) that it is cooling.

In the embodiment shown, the structure 210 of the cooling
plate 220 includes an external frame 211, a divider 212, channel
214, a lower plate 216, an upper plate (not shown), an inlet 218

and an outlet 219.

The external frame 211 and the divider 212 form the channel
214, which directs the coolant through the cooling plate 200, as
shown generally by arrows B2, B3 and B4. One example of how the
flow can be directed to selectively flow first over certain
regions, which are positioned above particular components of the

device being cooled, is shown in FIG. 2. A variety of other

23



10

15

20

exchange system 24 WD 2006/ 004869 PCT/ US2005/ 023174

Bel ow t he channel 214 is the |ower plate 216 and above
$%el an upper plate (not shown in the RFET/EHNEY5023174
of FIG 2). The Ilower plate 216 can be a heat
transfer plate, which can be of a material which
allows a high rate of heat transfer, such as copper,
5 brass, alum numand the |ike. The structure 210 al so
SIREHEHEETE Hel tin| & ferenandntpEnahtilew patoefns are possible by

allommﬁg the flowinto and out of the cooling plate
r§H2P1 g sRT oheRr IAISHNgakher SFATRe2 1t e’%heZl@lWléietrhélz and the

C%lnlet cgggector 220 10 and positioned downstream from
A8°GhtfEt-is the outlet connector 230. The connector

220 and 230 can also be positioned in contact wth,
or part of, the structure 210. The connectors 220 and

230 | .ud | |

limt :ﬁg}é In% u“Elé“e aoﬁgh%{e§¥ggégﬁah@ erﬁ{e’gﬂvenﬁ""l‘*’ﬁ in FIG. 2,
l.et 220 d . .

CBR TLPTReE 2B Py o R Bk Sp  SHABCFBRE b Tiret

fi@ws fardyd ichat fe%xc @ﬁogﬁh )@f éﬂ%ﬁ}sgﬂ%é N Rl gt §32001'het regions

fromthe heat ange system I'ng qui i sconnec

XEOMPLCA R S¢3 ¥laln0Wa of;0fnd@ pd £AUL 0B £l 90_}5&1&1{1{? need chips or

to renove the cooling plate 200, reducl time need

dies, sefVicekNdcdbe e @EiPHRN LW Qnat id%-lika%)@l%tgo 200. In some
qU|ck-d|sconnect connectors include as connect ors

evedind s ,f La® r&@ioik AQr adui B2 1diGate ?@ﬁtéﬂeéﬂkonlcs dies and
Maunee, Ohio. In certain enbodi nents of the present
thavesticn X3t leceeekifigdigital ASIC chip. In these embodiments;
siﬁce pin electronics dies are typically more sensitive to
temperature levels, and variations thereof, than digital ASIC
chips, the flpw of the coolant is directed first over the regions
X1 and X2. 1In certain emboldiments, the pin electronics dies are
most sensitive to temperéture effects along a specific edge of the
die. By setting this edge of the die as thé leading edge, relative

to the flow of the heat transfer medium, the sensitivity of the die

to heat can be minimized.

As a result, with the embodiment of FIG. 2, uniform cooling
can be provided to the pin electronies dies in each of the devices,
i.e. MCMs, being cooled by each of the cooling plates 200 of a heat

exchange system.
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plate 200 of FIG 2, can be used as the heat exchanger
130 in the 25 WD 2006/004869 PCTI US2005/023174 heat

WO Isyst em 100 of FIG 1. FIG 3 shows a RGTES2005/023174

cross-sectional view of a portion of a heat exchange

systemin accordance with at |east one enbodi ment of

5 the present invention. The enbodlnan showE |? Fl G

3 isgan. integrated uni 00 that includes a hea

exchg%ggy %ﬁ%,ckﬁgF%ﬂeéﬁg %%O?h%i¥ﬁﬂﬁ6r8%?ﬁek%?@ﬂﬂﬂd above the

I 330, I r, device board 340 and a device

Bt el b ot I e Redn by £ifartian py SHow) - The
a a 0, Wt h the heat _.exchanger ,

TNeraploNe PLerbln he FanThe CAR T D46 tar! “Bien, Gan be of a

wh@eel AeryieH Q.§15§§t§?ﬁﬁ‘§t £20s otfl\;ﬁ?fﬁ{ {%irgaq# eq ggc':lg as copper,

300 provides several I ONS.

eAEBANGRImIM: e the ¢deyice 350 abutted, the transfer
bof hgat 15 therebetween is facilitated. Since the heat

exchanger 310 is secured over the device 350, the
‘heat exchanger 310 also functions as a lid for the

- deviTes 38Guqmakeel 0ngLES SirkQnPRBeRhS i AL SO 2 M thy thE curlet

fasteners 320 urgi ng the heat exchanger 310 down

2byaferstaliveringevhee £360, ithe eRlodX GRS 3L9i168Np1ate 200.
function as a conpression 20 plate to secure the

Pereiiigmeich uplsbrbamr fr@d GcheAd ndete3us tis hdISinet tBfnector 220
heat exchanger 310 as not only a heat exchanger, but

angl f9sd thcgedaddwas corgm domonhpl abttlet e itheL8L21 86 connector

unit 300 elimnates the -

0. The connector 220 and 230 can also be positioned in contact
with, or part of, the strucAture'210. The connectors 220 and 230
can include a valve, or valves, to prevent or limit any leakage of
the heat exchange medium. In some embodiments, the inlet connector
220 and the outlet‘ conhéctor 230 are quick-disconnect connectofs to
facilitate the zremoval of the cooling plate 200 from the heat
exchange system. Using quick-disconnect connectors. allows for a
reduction in 'the' time need to remove the cooling plate 200,

reducing time need for servicing and equipment downtime. Usable

quick-disconnect connectors include as QD connectors available from

Eaton Aeroquip, Inc. located in Maumee, Ohio.

In certain embodiments of the present invention, the cooling

plate 200 of FIG. 2, can be used as the heat exchanger 130 in the

LS ~ - -
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need for additional conponents, reducing cost and
lexity. 26 WD 2006/ 004869 PCT/ US2005/ 023174 The

co
wﬁ’e’ﬂn&’@ﬂwanger 310 includes an outlet 312, a JdKIHPHRPOS023174
314, a heat exchange plate 316, feet 317 and nounts

318. The heat exchanger 310 is capabl e of
transferring heat between the device 350 and the heat

transfer medi um (not. _shown) flow ng through the 5 heat
§ﬁ§é?ngioﬁy%ﬁﬁ?w$0§e°5n Téhabe of the heat

exchanger 310 can vary depending on the requirenents

of the particular application. For exanple, the size

ft heat ;.31 be .di tly d dent .
on t Lo ama. Roar  Rogh of e oal e o atar PG X Eeion of a
j il abl e f 0 ..
hte%% gﬁc\fﬂl&%eg%g(fsgrggl ﬁe%ﬁ%gvéﬁ%%ﬁ:&ﬁ& aa\./tall %asri]:ggrrlggi cidslment of

t he heat éat” exc

. h , f, .
theC YrdseRlatigryelRe eat £xC i cim%lqnﬁ:c ﬁ&g?w?-gwg{%egﬁﬁ.o 3 is an

a variety of different mater

ihkagshesd A udiongnart ehbAkG Mt Rkl fon t3g CP, fasteners
transfer rates such as copper, brass, aﬁun1n m and 't he

3kokea pHXihgabr xehanrgep18ild £A) BecA§UPRNVIEALMra 340 and
different materials, for.instance, a material with

ahdigﬁdr@aisot I AR lofPEOREd iedSheafe MRedUsed sbenerally shown' by
| ocati ons where heat transfer occurs, such as the heat

apxchante epidarce.316, and a different material used for
ot her 20 portions, such as an thermal insulating
material at the external areas. This conposition of
materials would all ow greater heat transfer and
r edUipotient hedt f exclaahaars 81X, f ddte simhias board 340 and the

device 350 all secured together by the fasteners 320, the
integrated unit 300 provides several functions. With the heat
exchanger 310 and the device 350 abutted, the transfer of heat
therebetween is facilitated. Since the heat exchanger 310 is
secured over the device 350, the heat exchanger 310 also functions
as a lid for the device 350, protecting its components. &lso, with
the fasteners 320 urging the heat exchanger 310 down againét the
device 350, the heat exchanger 310 can function as a compression
plate to secure the device in the board 340. As a result, by using
the heat exchanger 310 as not only a heat exchanger, but also a lid
and a compression plate, the integrated unit 300 eliminates the

need for additional components, reducing cost and complexity.rl
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condensation. 27 WO 2006/ 004869 PCT/U82005/0231E4 The
heat exchange nedi um flows through the heat excha
W0 90A369 ot gan inlet (not shown), passing thr d’@&ﬂlﬁﬂ@ﬂmr’“
chanber 314 and exiting by an outlet 312. The chanber
314 can be formed to direct the heat exchange nmedi um
within the heat exchanger 310. For 5 instance, the
chanber 314 can be formed to direct the flow so that
it i g iRaaty egfaeéeeesaxﬁelrﬂ fRe1ndss Ieautdesddting chamber 314,
a d/ or sepsitive onents of the device 350. In
e & FﬁﬁﬁtEIaFﬁe fPontest &F?e@@édmﬂﬁnﬁésikﬁnﬂ The heat
t,roni nber 314 can al so
e nct%a%r P 5 SePAPLE, oF PRt tH o0 %5 (1HeraRSEHpRE the device

hea Posi ti oned

f
Y e e raa%%é%aﬁ*a'sgh%fa. (R A fApBaPSgTaToush the
S L ogfﬁts Ble i B SpdPh ey %*Pegﬁleegr exfgnser 310

exchange 316 f :
aty e 316 tgcbe,
c%?rect contact MA h ?ﬁe g%%péﬁéﬁﬁ' %%ﬂ%% gevt % particular

apPcai%R. tbSrh&ﬂﬁqﬁkﬁn%L%rs@%@tgfcéﬁ%Q%a%fe§cpanger 310 can

mat eri al haV|ng good heat transfer racteris
bd NAikdichYy CORRSIderd 388, rid U'&M&E‘tangft f}?ealﬂ k%ha'trhemust be
heat transfer pl ate can be placed away fromt

tmafeerddOfras 13Rovariby IHeehdbnbestrdlde a%'acﬁvgffable for
al so 20 act to seal the space between the heat

ther drsftertpimtferand Asheshadgyi %é%at%&chﬁﬁtgeexeht@n%f a cold
318 can al so incl udes nDunts or a set of

plate.

m

The heat exchanger 310 can be of any of a variety of different
materials which allow heaf transfer, inciuding materials with high
heat transfer rates such as copper, brass, aluminum and‘the like.
The heat exchanger 310 can be a composition of different materials,
for instance, a material with high heat transfer properties can be
used at locations where heat transfer occurs, such as the heat
exchange plate 316, and a different material used for other
portions, such as an thermal insulating material at the external
areas. This composition of materials would allow greater heat
transfer and reduce potential for adverse effect such as

condensation.
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plate ears 318 for receiving the fasteners 320 and
allow ng the 28 WD 2006/ 004869 PCT/ US2005/ 023174

WR2E/ W Ranger to be secured to the rest of tRETHN2P05/023174

300. The fasteners 320 are positioned between the heat
exchanger 310 and the bolster plate 330. The
fasteners 320 function to urge 5 the heat exchanger
320 as a conpression plate down agai nst the device
350, Tandhehe devhasyesTedinind fiharsdan:caghoahd 348t Nbhanger,
only does this conpression aid in heat transfer
epeenERtn dtherhdatletexotangerwand pabeifdgvtEendpl chebbhamber 314
as further detailed below, by pressing the device 350
ap%t%xw@'xqaemc@mwtsmz el etter ichaimbdé® GOAt 88k be formed to
pet ween the device 350 and the device board 340 can be
*%ﬁﬁ?ﬂ%%ﬁBﬂatTﬁ@ﬂﬁ@@@em%dswmzﬁtban tiee Gty esshamyer 310. For
lts or sim|ar. articles. The bolster plate 330 is
Eafftqeané Ebebwﬁr%éldevaeeb%o%sr@eaxq@o déréaindthieoidoasso that
Qlate In certain enbodiments, the device
I% Yl? ﬁsﬁ?l?ﬁﬁﬁth% RegEt heparerGiucinghandébr sensitive

e board can function not only to
cififdent Ege&%ﬁ HE06RBhE 7204l sbrciiiacensodipizo’ the flow is
tions t.o the device As not ed
dl@llt?g:\%teehl Eﬁep gsoew %eli%bealp& cq eﬁFE‘\é‘!‘% d&§§d tPasharber 314 can
not shown), for the heat

d
alldd qlﬁ%l%ﬁg %ggu% ev?cesggé FHEUES IPHsRp3dhe surface

exchange system

arkhalBa32%4 AN Hégﬂﬂf 368 Fefd

Positioned between the_heat exchange medium in the chamber 314
and the components of Ehe device 350 is the heat exchange plate
316. To facilitate heat transfer the heat exchange plate 316 can
be formed to be in direct contact with the components of the device
350. Also, the heat transfer plate can be of a material having
good heat transfer characteristics, including, copper, brass,
aluminum -and the like. The heat transfer plate can be placed away
from the device 350, as shown, by a set of feet 317, which can also

act to seal the space between the heat transfer plate and the

device 350.

The heat exchanger 318 can also includes mounts or a set of

plate ears 318 for receiving the fasteners 320 and allowing the
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WD 2006/ 004869 PCT/ US2005/ 023174 354, a first

con@%?ent 356 and a second conponent 358. In certain
M¥ts the body 352 is a nultichip nodul £CGYUNERT023174

where one or nore chips or dies are nounted thereto.
The frame 353 can function to contain the interface
354, particularly where, described below, 5 a
defornable material is used for the interface 354. In
hegive exehppgh rdimt He SREUraders dde 384 9fatbenaukt i 30 -
el astomer which provides electrical connections
betmeen the device board 340 and the body 352

i nclu 8@|ts components 356 .and 358. One such

condd ?l SEE RO mA |%$QMﬂ°S&§éPP%%l%E?W%ﬁH'ﬁhﬁ;hqqﬁ;exchanger

. 2Rarkd gogroushy, Meesagusgis. 0 2 aptan (LMo o urge
HReLBRt TRveRrTSh, 250 B %%%P?ggcﬁ’%a%dpiaﬁ?ngg%flhsgainst the
B! 20 bhd Pilaeotsh e 18 s e s hplfag vot omy

dggg the € &Prﬁﬁ%%ect%nboé 3 151“%&&’{“1':!25{1%??' %%C%{%Ehitﬁqe heat

orned and rical connections are

eREhYESS: LAt MaM aind, id MRd el G trheakd. d%@ah.ﬁ!ed below, by

ot her™ enbodi nents, the interface 354 .can be a set

pBEBSin®r tRE hekvkeadssextend Nl &bercd rw&i@esb}@dy electrical
352 or the device board 340 to contact either the

clpvaEe BOBRFSErB4hOradhiedoghy Ind tHesReptddlbdarSUBID can be
pins or |eads can be secured by conventional neans,
faduthi e ddly. SPhélefast@ned8 320 can be compression bolts or similar

articles.

The bolster plate 330 is positioned below the device board and

functions as compression plate.

In certain embodiments, the device board 340 is a printed
circuit board or a channel card. The device board 340 can function
not only to hold the unit 300, but it also can act supply
electrical' connections td the dewvice 350. As noted above, the

device board can also be used to mount intake and exhaust manifolds

. {(not shown) for the heat exchange system.

The device 350 includes a body 352, a frame 353, an interface
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WD 2006/ 004869 PCT/ US2005/ 023174 Depending on the

enbodlnent of the present invention, the first
? 356 can include one or nore pin el ecRGHHPZHE5/023174

dies. Since in ATE applications pin electronics dies

tend to be sensitive to tenperature |evels and

vari ations thereof, at |east nore than 5 other chips,

such as digital ASIC chips, the pin electronics dies

38te eyPindl lopmposent odied dngr khestonpstdmgamenteBasi Ven certain
to other chips in the MCM That is, the pin

cabedipeniit $hei beduri®ddsi aimndd ohd.pbrodeboled MEM; sthdwe one or

the coolant to assure that they are cool ed by the
"RE8t CRIRT BFnttod akift moypted dheretive HBm fineawsBBB can function

between the pin 10 el ectronics dies and the heat
ex%%tr?glé‘ ﬂifnﬁt Eneapiare ﬁéﬁwapalaﬁlsq@ar@wwbanebedeaqqmm below,
erebet |l e of a suitable thermal paste

CAPENAD WF%W%JS h%aiuﬁ‘aﬂl éOFr &hel BMterfaceofSast In some

F| sgkl || Yor t ﬂlga tain enmbodi nents of the
esen‘?nq Mventd ot} % l%oﬁp&ﬁ@ﬁtlcéjs%e c8hapeomer which

d | | C
pﬂh easlt ¢ |ct‘{§ rﬁg |e§§n$§ e%l}a Veegé‘ng?lﬁ \918" Iﬁ%ﬁbﬁﬁAﬁds 340 and
£ ASI C, chi b
eBB&QmS? go ﬁud‘iﬁgm |t%lt e o o%t%flt ec%g%l gﬁ? frdpe such

posi tione wnstre

cdidtivee! @3htoOhEr 20 s JJLALRSL egbedi mRaLe of .

the present rnventron, the cooling  praté

At 16308 Hseﬂa§§béﬁﬁ%é%%§ 1%X§h§%?fgn:%ﬂ%n9%vggiab from Tyco,

i nt egr at ed unit 300 of FIG nt egra
bl o£380tea8Porddgh, Massachusetts.

In at least one embodiment of the present invention, as the
MCM is urged against the printed circuit board, by the actions of
the heat exchanger and the bolster plate as compression plates and
the compression bolts, the conductive elastomer is deformed and
electrical connections are formed between the MCM and printed

circuit board.

In other embodiments, the interface 354 can be a set of pins

or other leads extending either from the body 352 or the device

board 340 to contact either the device board 340 or the body 352,

respectfully. Such pihs or leads can be secured by conventional

means, such as by soldering.
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WD 2006/ 004869 PCT/ US2005/ 023174 be used in the heat
exchange system 100 of FIG 1. FIG 4a shows a to
WOLR026436% i ew of a cooling systemin accor darRET/Wp25/023174
at | east one enbodi mrent of the present invention. 5
FIG 4b shows a side cut-away view of a portion of a
heat exchange systemin accordance with at | east one
enbodi ment of the present invention. The enbodi nent |
shoviedanding, oM athmdenbodimentodtf nghe spseesRYonYERtion, the
has a single manifold 405 nounted on the board 460, . ,
Lyt cogwongns 386 @10 MsdUCcEnPREJRYi BREE AR Sfgetronics dies.
conbi nation 10 manifol d 405 i ncludes an intak s
SHR a1 ATE RPRIHEAAOBR s E1SERPROFY Cﬂ&?@, EERRCTP Geesensitive
separated from each other by a flow. separatin
£3( PRIBHAE 67 JEREI BRRAV R 1T 1P RSB Rat o

i fol.d 405.. Th ar at i t t 4Q7. f ' . .
ofBL e - RBebr AR PR AL e e WELLEORLco ates
1 fold.450, sq.to- 1. Xl 5 of _the. i .
ROk P e S BTk Y TP (94 LEGr s chips
i3 W en CONRRGE 6d %@@%ﬁhsl&e@&m{g oA HBLLE Uk i498ned to be
are a seft 0 cporlng llates or cold plates 430 which
cddh M. Eeggoﬁhé'665¥£ﬂ¥it029559§eS@ﬁaﬂﬁtﬂg§“d%%$cégﬂed by the
e mani fol d”405 and cooling plates 430 each have a

nS8! 9 rORRNESSBathat Tar 81@l igne’ headl texnd i MRakeen the pin
transfer nediumto flow fromthe i ntake mani fold 410

e1d¥iQUEh ckh@ieg0ghiingndl Bées LathaaR@ QukitenBost Bethermal paste
exhaust manifold 450. The flow of the heat exchange

3R FaibeSagenisdldnsrebevhedy. t 1e axaapse DIf a IRitable thermal

%east more than

- paste is ATC 3.8; which is available from IBM, Inc. of East

Fishkill, New York.

In certain embodiments of the present invention, the second
component 358 can be a digital ASIC chip. As noted above, since
digital ASIC chips tend to be leﬁs temperature sensitive than pin
electronics dies, the digital ASIC chips can be positioned
downstream in the flow of the coolant from the pin electronics

dies.

In other embodiments of the present invention, the cooling
plate 200 of FIG. 2 can be used as the heat exchanger 310 of the

integrated unit 300 of FIG. 3. Also, the integrated unit 300 can
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WD 2006/ 004869 PCT/ US2005/ 023174 D2, ?ﬁ, E4 and D5 in

(= nd El, E2 and E3 in FIG 4b. e heat
ng?gﬁé'ﬁ]g%fgnedi um can be any of a variety of sulGTARAAG23174

including a gas or a liquid. In sonme enbodi nents the

heat exchange 5 mediumis an inert liquid. The

separating structure 407 is shaped to direct the flow

of the heat exchange nedium fromthe intake nmanifold
bg165¢% Yhehec fsritng*phange 436tend 180t o6f FItie lcool i ng

plate 430 into the exhaust 10 manifold 450. The

separating structure 407 forms an intake passage 420

whi irects, flow fromthe intake manifold 410 to an .

openi nyg % 2ShQRT o 588t§u§ﬁaUﬁ¥nWﬁ§W4g§'?¥ @T?#lng system in

' I 430, as shown in FIG 4b. In this , _

aCoe e R aP oo Hen CrBR ARG Pediimprenent invention.
FENOWD) $H3Rs RVE: Jd %@tt-gﬁ%%q%gegﬁ TR f?gggiggf%ﬁg?gt Cexchange

I nt ake 15 passage, as

syeih ' QbR PENN0N. (AR AN A M Re R CRTRRL present

as shown genera arrow a1y, by th
j ibhanst ; ; & Y. & i
RS LRI 00 Bg gy, oA B05 Sl L g poting

] . . | f (e
P40 B0 s Wit S 20t 45 bl bt ) Sy Ko o

foposiddidmed adpeceBt @aGBtOEREE . de®id@Ei 8%Y. Of The combination
di fferent neans and structures can be use to form a

maséfiblBetaEenihbBudReNbAgS itddeaNfadBfo1d N42b | 8RS 20N xhaust
enbodi nrent an O-ring, positioned between the

mapdfibldatdson memidiol drandebheatdd from each other by a flow

separating structure 407 positioned.within the combination.manifold

405. The separating structure 407 functions to divide the intake

manifold 410 from the exhaust manifold 450, so to not allow mixing

of the intake and exhaust flows of the heat transfer medium (not

shown) .

Connected along the combination manifold 405 are a set of
cooling plates or cold plates 430 which in turn are positioned.on
the set of devices 470. ‘The manifold 405 and cooling plates 430
each have a set of openings that are aligned to allow the heat
transfer medium to flow from the intake manifold 410 through the
cooling plates 430 and out into the exhaust manifold 450. The flow

of the heat exchange medium is generally shown by the arrows DI,
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WD 2006/ 004869 PCT/ US2005/ 023174 cooling plate 430,

I S Al so, a qui ck-di sconnect connector can_ be
wﬁ)szggﬁs)@gﬁ%en the openings 422 and 432. Such a PCT/US2005023174

connector can include a valve, or valves, to prevent
or limt any | eakage of the heat exchange nedium 5

In certain enbodi nents, the cooling plate 430 can be
oth the conbinati on nmani fold 405 and

e ed. fro
D heD P T G PaF Fow 43 A iaden 8ot aneHES diov I 476
for servicing, repair or replacenent. In sone
enbodi nents, the cooling plate 430 is secured to the
boar 0 h.that .t is capable of also,
f unc?}?%g‘leﬁ% S2HIr P PReCaBR BBY 47 SHaF ety of substances

. i | . f _th I.ment
O S\ & 1P ol F e o TP RE S Byt exchange

descr ove inr

neAVERtiOnCan.al sp; he ysed to supply a heat 15
exchaﬁge ﬁédiﬁn1tolﬁ%%g than one card or board by

using an intake manifold and an exhaust manifold
positioned at |east adjacent to the set of cards,

Wi t ITHentsal@rapth@xdhaMsitdrabasrcoanact idg dhe;
mani fol ds to thégcards.. I'n turn, %%%k%gﬁﬁ%%%gﬁcEaE%e flow of

tHaveednt akehasgsl Rxhawst FABRAI ft@ﬂedsiﬂﬁkesurgﬂr gy
heat exchangers nounted 20 thereto. This u&%&ggﬁa?ﬁélto the

cdvdangepLinon 3 0s YAt e P @V tHE ScdWlirNbYat & ] $4heBt e Lxhaust
predi ctabl e cooling to each of the conponents on a
magiifepdcsr®, Bbe sdrsoratdngasbrodtdRe 40ar dsrid) a8 $8La 0L passage
cards. Wile the present invention can be used in a
A20amhéch QirTE 34w from the intake manifold 410 to an opening
422, which abuts an opening 432 of the cooling plate 430, as shown
in FIG. 4b. 1In this manner the flow of the heat exchange medium
(not shown} can move from the intake manifold 410 into the intake
passage, as shown generally by arrow El, then through the openings
.422 and 432 into a chamber 434, as shown generally by arrow E2, and
then over a heat transfer plate 436, as shown generally by the.

arrow E3. Since FIG. 4b is a cross—section, as defined in FIG. da,

the return path and exit of the flow are not shown in FIG. 4b.

With the openings 422 and 432 positioned adjacent each other,

a variety of different means and structures can be use to form a

- seal between the openings 422 and 432. 1In at least one embodiment

an O-ring, positioned between the combination manifold and the
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WO 2006/ 004869 PCT/ 1JS2005/ 023174 applications, the

invention is also capable of being used in man ot her
WRGAWAPEE hpl i cations as well. In at | east sondCT/US2005/4023174

enbodi nents, the invention can be enployed in

appl i cations such as servers, where, for exanple, U

size boards, i.e. 1.75" tall, have typically 5 at

| east 2x processors and preferably 4x. The invention's
ceoblthglazfadtIfuilg vredri Bdsponz aluioksddesbnedct connector can

nmodul arity and flexibility in serving individua
ber3eed R ieresm deh oRspiingst #8Rs antiaddAg d8schi bedonhestor can
.invention in connection with a nunber of 10
“é‘?;‘o ﬁeﬁf‘i‘,’em%ﬁ fPcAEPont Ui BT YREW €&r Lkt yensudgesnge of the
[ t.se to thoge skilled in the art. As such, the

| f
heal GRPERIBS™EGt 0 be limited to the disclosed

enbodi ments except as required by the appended
claims. 35 What is clained is: 1. A heat exchange

oPPRLALUP FOMUASLGnc), el SH5LEROIER (SICDRNOT. e

b) an intake nmani in’f

: ottt ation“ma heal n .
fﬂwﬁm?e?%%gﬁlnﬁg&ewnasn% o?idﬁ)le%{ ¢ gg:%ﬁl‘ga%fae)é’%a’%gf%o -0 allow
' ce . s vidi h ~ r

Foieabce SXGIARGR HBGL LN SAP A ?%%’ldhg J c e?g?% OF, sreplacement .

exchanger; c¢) an exhaust nani cén

In BbRK iRt ihent s, t ke bS]y pRALE o) £h i@eis@gu;'*:g%if#%gzg‘te board

comuni cation with each heat” exchanger of the a
460nsubkRath&x changelcapapher @irNathe Eiﬁli@l‘:‘.ﬁ;ni'@”afsmad 1% for the
capabl e of receiving the heat exchange nedi'umfrom
degdch {Meadndvahangempression plate. Some of these embodiments

are.described above in reference to FIG. 3.

The present invention can also be used to supply a heat
exchange medium to more than one card c.nr board by using an intake
manifold and an exhaust manifold positioned at least adjacent to
the set of cards, with intake and exhaust tubes connecting the
manifolds to the cards.. 1In turn, the cards can each have intake
and exhaust manifolds for supplying the heat exchangers mounted
thereto. This dual paralle-l heat exchange system provides not only
consistent and predictable cooling to each of the components on a

given card, but also to each of the cards in a set of cards.

While the present invention can be used in a variety of ATE
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d) a plurality of multichip nodules nounted to a card,
wherein each nmultichip nodule of the pluraligy of
WROPYER3S modul es is positioned between a heatFCT/US2005/023174
exchanger and the card, such that heat can transfer
bet ween each nmultichip nodul e and a respective heat
exchanger; e) the exhaust manifold and the intake
mani fol d positioned above and adjacent to a side of
apheicatihnsndhe) ihtenplion ald tan of caphblehb P PEIGY @Sed in many
bei ng nmounted on the side of the card in a position
ofheermint2dR hevri htaksommrist ekl andid he txhatisiome embodiments,
mani fol d. 2. The heat exchange apparatus of claim1,
thheiavanthen i namkbemanbloyedi sncapabl eatfonproviidi g servers,
t he heat exchange nmedi um substantially equally to each
vheke, Seghakgeple 3 1UThezdduansischange lappar aels, dfave typically
claim1, wherein each multichip nodule abuts at | east
5 apnkeaidar¥eREAGHIRILS AndTREeAerablex dixangBhepipareattionos cooling
q%%jnys, wherein each multichip nmodule is mounted to
and hlgdd: dppkrifeud caxz highie dess retrodidar idycaph ddexibility in
%% aratu%foﬁ clﬁin13, wherein each multichip nodule is
s G SN L ABANt REPISF SO S| @4sPushetrbicabithénger . 36
6. The heat exchange apparatus of claim 3, wherein
each multichip nodule further conprises a pin
el e i.C =3 wherein . t.he pin el ectronics die
abu?{s?rvg' 9 é%%f lganeg{]gle% AR et CPARRGELRBAYLER @ numbex of
appar laim 1, wherein.each heat .
10 erfBIE PR IBaCLof ) BT pnol SRR AT pliRReet ttserr ko
CHRRRATALUS O 16 AR Lrethend dde NS exahands TRALAM +o pe

iIs a liquid. 9. e heat exchande apparatus of C

Lithi teRerd e igatoL¥4C @%ﬁiﬁ@ﬂkgme&ﬁeﬁe as reqﬁired by the

appended claims.
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inert liquid. 10. The heat exchange apparatus of claim
1, further conprising at |east one first connector,
wherein each first connector of the at |east one first
connector, is positioned between the intake nmanifold
and each heat exchanger, such that each heat exchanger
can be disconnected fromthe intake manifold. 11. The
- change apparatus of claim11, further conprising
“HMI Wgﬁéﬂsone first connector, wherein each first
1. cgggﬁpgghmg& ?gaakcbﬁ@ﬁhn?ne first connector, is
- positioned  between the intake mani fold and each heat
eskhangideast boe hénéexdengari si ng at | east one second

connect or,. wher ei.n, eagh. ,second.connect,o t.he
B bbb R i B G R0R S o bt Sheinert of the a
least Sff@ st exthahd®! hhRRgh GBS InthRd mMXRRRRY QA dpab‘féi oh ﬂrbﬂﬁmg a heat
each heat exchanger can be disconnected fromthe

exchapgg mprdivmesgparately tareach heat exdhanger; mani fol d. 12. The heat

exchan f 1 rein h.fir
cbhnoc < RRRRE Ao aBidhlle" b WREL olRRE bp |t manifold
being W gkl coremahicaatOoRtth RaCREE @kclRapRr o586 afleast one heat exchanger,

qui_ck-rel ease connector 13. The heat exchange
Whereab%reé st granifplel i capablepbrespiving-thp beaty @chags vaediyp from each
heat ses at |east one valve for controlling the flow
mleﬁ%EQ(g heat exchange nedi um and wherein each second
cdhneca phluradpprfimdticlap rhaddds momwcalto/e canl, wdenrdin ehdh myltichip

mocu 35 AL AP Rl XEENGR, T TR A, THS e ot e

card, EISHEpﬂl'aﬁ hBg énCRmNrertvRe Eald mtﬁﬁd’h&i?tn%cﬁﬂcc%@%' ek tlve heat
he i ntake mani fold and the exhaust mani fol d. 15. The

exdwmgnu exchange apparatus of cIa|n16 mhereln t he p|n

n5r Rt Rabiffl AR MstEke maRifel SoSRRER 0t B sipcent o

a side bheutdt bchi p nodul e.

f) the plurality of multichip modules being mounted on the side of the card in a

position lateral to the intake manifold and the exhaust manifold.

2, The heat exchange apparatus of claim 1, wherein the intake manifold is capable of

providing the heat exchange medium substantially equally to each heat exchanger.

3. The heat exchange apparatus of claim 1, wherein each multichip module abuts at least

- one heat exchanger.

4, The heat exchange apparatus of claim 3, wherein each muitichip module is mounted

to at least one heat exchanger.

5. The heat exchange apparatus of claim 3, wherein each multichip module is

compression mounted to at least one heat exchanger.
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16. In automated test equi pnent having a printed
circuit board, a plurality of multichip nodules
nmounted to the printed circuit board, a cool ant source
for providing a liquid coolant, a coolant receptor
for receiving a liquid coolant, and a liquid cooling
apparatus in fluid conmmunication with the cool ant
e and .t he cool ant eptor, .the I|i coolin
6. %ﬁ {igxchepgs, APRAFYS Oé)c(fampﬁuwaewely B wlta:hm gqdyle further
compﬂ@b% rehin SaHINRR! K, Falnatvﬁle?ém the pil é‘l?&l‘dn‘iéé ﬁl?(g dt least one heat
plates abuts a multichip nod uPe of the plurality o?
exchangdrt i chi p nodul es, each nulitichip nodul e being
posi ti oned betmeen the printed circuit board and the
abutting cold plate, such that heat is capable of

7. UTROSEATKLRG: g@ @?ﬁﬁﬁﬁs bheamh [ vhdeh éﬁ@ﬁi%eﬁ RBhnb&Ss a cold plate.
abutting col at e; an i ntake manifol d positioned

above and adjacent to a side of the printed circuit
b wherein the int nmani f 1 .
5 oMb P B R SR T et o ey ePnge medium s a
liquidconfiguration, such that the intake manifold is
capabl e of providing coolant to each <cold plate
separately; c) an exhaust manifold positioned above

0. ot G Blge eSS U, AR 4 PR

inert lgidruni cation with each cold plate in a parall el
configuration, such that the exhaust manifold is
capabl e of receiving coolant fromeach cold plate

10. SERAMRLEY¥chaARM aﬁ%;aﬂaﬂl@ P Uadthi 1Y em&ﬂpﬁgmgogp %L;te%ne first

being positioned fateral to and a n sid
connegpr, t Weereinhensht finshnornetidy odirttle whéeast on¢ Hastpéomnedto, yis qﬁ)smoned

el kTR S WP RAhRES s Ak R g v

discon@e@bd ROmARP aftdlcUadfol®! @i m 16, further conprising: 38
a) an intake connector nounted between the cool ant

source and the intake manifold, mherein t he i ntake

gg{xwv\g%%to rexél'ﬁ‘mgéa %%Bargtugf of> SRh af ,i ﬁgth%r pnsmg ”{&e fetalsto r(%ne first
connector, wherein each first connector of the at least one first connector, is positioned
between the intake manifold and each heat exchanger, further comprising at least one second
connector, wherein each second connector of the at least one second connector, is positioned
between the exhaust manifold and each heat exchanger, such that each heat exchanger can be

disconnected from the intake manifold and the exhaust manifold.

12.  The heat exchange apparatus of claim 11, wherein each first connector comprises a
quick-release connector, and wherein each second comnector comprises a quick-release

connector.

13, The heat exchange apparatus of claim 11, wherein each first connector comprises at
least one valve for controlling the flow of the heat exchange medium, and wherein each

second connector comprises at least one valve for controlling the flow of the heat exchange
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the intake manifold and the cool ant source, such that
the liquid cooling apparatus is separable fromthe
cool ant source; and b) an exhaust connector nounted
bet ween t he exhaust manifold and the cool ant
receptor, wherein the exhaust connector is capable of
separating a fluid connection between the exhaust
mani fol d and the cool ant receptor, such that the
nld“F?qU|d cool ing apparatus is separable fromthe
cool ant source. 18. The liquid cooling apparatus of
claim 17, wherein the intake connector conprises a
14.  glihe heatedxebange cppaetis of, claind 1 Whémcﬁﬁmisﬁ)gha wembined manifold

connect.or relea e nector. 19.
struct OBt g S Blekh eafdaag i G N wher ei n the
i ntake nmani fold and t he exhaust rmnl foI d are nounted

to the printed circuit board. 20. The |iquid cooling
15, appahkeatgschenge rpnapstaoof ¢laim fewheeinghe pinrglecsronisaidimisositioned

o b FRILE B BLAUSEHG B PORA SH0P 1 D 056, AR R

modulef claim 17, further conprising a plurality of inlet
cold plate connectors, wherein each inlet cold plate
connector of the plurality of inlet cold plate

C , i C g
16. aﬁg&ﬁ&tﬂgﬁr g te%t %{_1 gr#eh ﬂzﬂﬁ% Qﬁ)trﬂ ] t;cng ft I:Jo éf%&lglt%gb{ 8% ﬁilllltlchlp
modulet moahiet yo th‘e pointddetircon bdard| ateolas rsnmé ﬁrrspromﬂmgexi l[quld coolant,
each outl t col.d plate connector pl.urali

‘2 cooljt FogEPen it FPEYIREch AR Brolint %nfﬁaslmua el o mmales in fluid
commﬁﬁ%atﬁ?ﬂk@iﬂﬁ Ehe%@laﬁ?écglr&negldathe E&h&ht ﬁ’ééégi%r Qhe E&lﬁd coohng apparatus

plurality of cold plates, such that ach col
comprgsattg:be di sconnect ed fron1 the intake nanlfold and the

CBL2UL G e s M S e BRRBEAY 2 2
abuts £8RRIdh§EBodul 6 Uf G phehIRFHE nAANISE tules RAHMRATGEHIp BRI being

outl et cold plate connector conprises a quick-release
positiqngd hebyesp . thggrinted circuit board and the abutting cold plate, such that heat is
capable of transferring between the multichip module and the abutting cold plate;

b) an intake manifold positioned above and adjacent to a side of the printed
circuit board, wherein the intake manifold is in fluid communication with each cold plate in a
parallel configuration, such that the intake manifold is capable of providing coolant to each
. cold plate separately;

c) an exhaust manifold positioned above and adjacent to a side of the printed
~ circuit board, wherein the exhaust manifold is in direct fluid communication with each cold
plate in a parallel configuration, such that the exhaust manifold is capable of receiving
| coolant from each cold plate separately; and
| d} the plurality of multichip modules being positioned lateral to and along a
common side of the exhaust manifold, and wherein the plurality of multichip modules are

positioned lateral to and along a common side of the intake manifold.

17. . The liquid cooling apparatué. of claim 16, further comprising:
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23. The liquid cooling apparatus of claim 16, wherein
each multichip nodule further conprises a pin

el ectronics die, and wherein each pin electronics die
abuts at |east one cold plate. 24. The liquid cooling
apparatus of claim 23, wherein each pin electronics
die abuts at |east one cold plate with a thernal
paste t herebetween. 25. Th %qu|d cool i hg appar at us

of) ¢ aitfh HEke foORgstor moun ‘Wﬁ?‘b thep gopladtc sHses gad the intake
mamiioﬁﬁ%the%"ﬁ tHé' Mtk REAALYGS ¢ Eﬂaﬁﬂgq Wid labrﬂle'i:ﬁ&h between

mul tichi p nodul e such that e at east one pin
the intske atanifnidomddhe podlant sowte dugh thet the diqoidalobling apaeatus is separable

ﬁom&glcgg‘lm\%stomcg tfhe mul tichip nodule. 40

b) an exhaust connector mounted between the exhaust manifold and the coolant
receptor, wherein the exhaust connector is capable of separating a fluid connection between
the exhaust manifold and the coolant receptor, such that the liquid cooling apparatus is

separable from the coolant source.

18.  The liquid cooling apparatus of claim 17, wherein the intake connector comprises a
quick-release connector, and wherein the exhaust connector comprises a quick-release

connector.

19.  The liquid cooling apparatus of claim 16, wherein the intake manifold and the exhaust

manifold are mounted to the printed circuit board.

20.  The liquid cooling apparatus of claim 19, further comprising a combined manifold

structure comprising the intake manifold and the exhaust manifold.

21.  The liquid cooling apparatus of claim 17, further comprising a plurality of inlet cold
plate connectors, wherein each inlet cold plate connector of the plurality of inlet cold plate
connectors, is positioned between the intake manifold and a cold plate of the plurality of cold
plates, a plurality of outlet cold plate connectors, wherein each outlet cold plate connector of
the plurality of outlet cold plate connectors, is positioned between the exhaust manifold and a
cold plate of the plurality of cold plates, such that cach cold plate can be disconnected from

the intake manifold and the exhaust manifold.

22.  The liquid cooling apparatus of claim 21, wherein each inlet cold plate connector
comprises a quick-release connector, and wherein each outlet cold plate connector comprises

a quick-release connector.
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23.  The liquid cooling apparatus of claim 16, wherein each multichip module further
comprises a pin electronics die, and whercin each pin electronics die abuts at least one cold

plate.

24, The liquid cooling apparatus of claim 23, wherein each pin electronics die abuts at

least one cold plate with a thermal paste therebetween.
25.  The liquid cooling apparatus of claim 16, wherein the multichip module comprises at

least one pin electronics chip positioned within the multichip module such that the at least

one pin electronics chip is cooled prior to cooling other chips within the multichip module.
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