HEAT EXCHANGE APPARATUS W TH PARALLEL FLOW BACKGROUND
Aut omat ed test equi pnent, or ATE, provides
wa@eosbootssuct or manuf acturers the capability of PCT/US2005/023174
i ndividually testing each and every sem conduct or
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 market pl ace. Modern
sem conduct or devices typically have anywhere from
thirty- two to over one-thousand pins, generally
requiring a correspondi ng nunber of channels in the
sem conductor tester to thoroughly verify the
operation of the device. Each channel usually
conprises a signal path including the necessary pin
el ectronics for sending and/or receiving test signals
to and froma pin on the DUT. In conventional testers,
to maxi m ze conponent density and mnimze the size of
the tester, the channels are often forned on printed
circuit boards resident wthin a testhead. The
testhead is separated fromthe main body of the tester
for coupling to the DUTs that are nounted on a prober
or handl er. Because of the relatively high
concentration of circuit boards within a conventiona
test head, specialized cooling systens are
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Automated test equipment, or ATE, provides semiconductor
manufacturers the capability of individually 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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generally enployed to maintain a stable thermal
envi ronnent. Sone prior systens have enpl oyed air

wae owbiongs9 whi ch typically includes el aborate dRCT/URP05/023174
that takes up val uabl e space within the testhead. As a
result, these air cooling systens contribute- to a
| arger overall footprint for the tester. Moreover,
because the airflow nust overconme the resistive

ef f aedferof shigtddi@iuchozzlRsiaBd tHipikAEYEN nsRapas@hdre from
surfaces of the boards, the air cooled systens tend to

thottpewas ebf i greant cas-drsusatd Qike; appioannes hayeiring a
included liquid cooling systens thatcirculate a fluid,

coypesyalrdi ngahempetr o a@hbhgals ¢ookke, sembcomiuctor tester to
refrigeration unit, and past the heat producing

tiedewighdn cveninfonehe s pperetion codchiles, danidcdack Haeh channel
the cooler. Liquid is passed through cooling bl ocks,

ugARbly acemprisehed tolighwl epethr onmiadd udomponer s netessary pin
-allow the heat to transfer fromthe conponents to the

elegfrianicsn fohesending ansl/orhseeebying Ufsdcled gapds to and from
attached to_one another with tubes or hoses, in series

2R Fmt&SsPHE e PatIPTHIeTERAAA| teBFe e toy Jardmise component

ass though, That is, these systens flow the |iquid

AR RESBEHHE URPE, " i %.t&ﬂwr. Hes er@gmgls are often
t first I h
eTRL 5 PEAnFrnT Lt SerFOR| E B0 neHE FhRcheTHiead.  The

h | d. Then the .
P08 Bl ocke s tmunted on, L no Lhe d Loui 4 THeD Lhe 1

to the DUTs that are mounted on a prober or handler.

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 have employed air cooling, which typically includes
elaborate ducting that takes up valuable space within the testhead.
As a result, these air cooling systems contribute- to a larger
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 desired.

Other approaches have included liquid cooling systems that
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a connecting tube to a second cooling block, where
heat is again transferred into the liquid from anot her
wWe@bk®@eno4ssd ¢ conponent. The |iquid continues toPEDUS2005/023174
t hrough a series of cooling blocks in succession,
havi ng heat transferred into it at each cooling bl ock,
until it returns to the cooling unit. Because the
liquid is heated each tinme it passes through a cooling
cbtacktd he dierper agpli@am;imémprf@@}ncaamwuwt&b@mh i.e. a
cooling block in the series of cooling blocks. That
réSpigdddtisuCchufod) | NhSyPhers eneh wdLact padidGcing electronic
conmponent will be operating at a different
chmeprpesTetsyr €,. e i crbehipmpesad usaeck i 1S3 ntheal @rgierthe Liquid is
path of the liquid through the cooling bl ocks. Lately,
padred témdubhscdaddmaowh t diclnpdehn cbl &ot monkechednponéatslectronic
especially those used in current automated test
ceupinmes,, tof abécwntihg herte EndramsdesedisPhni Ve t gomponents to
tenperature | evels, and any fluctuations thereof. To
thpthifde . pedRoEhedr Y5t efige s Ehe oppohiart Plandst aremr Eiarhed to
uni form performance with anong a set of conponents, a
ORg AIOENERIW EBITIR CEeAPIAdMAUre 1P eSRT 19 t@elpFo P §4PE48 Path or
all the conponents . This is difficult to achieve with

CRaRPSarfPab ke [hiGHE TR MIAtlPREn pr FoPletS by eRe probems flov
ol Q4,000 Lag ysLep, Therelore, eneed XL LOf o unp,
&4 ANk stent egoling e nviaurent £ ot . eqeh 9terrea from the
electronic‘component, 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 1s again
transferred into the liquid from another electronic component. The
liquid confinues to move through a series of cooling blocks in

succession, having heat transferred into it at each cooling block,

until it returns to the cooling unit.

Because 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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the el ectronic conponents being cooled. Such a system
shoul d all ow for ease of access to reduce the tine
woe@deaisbor servicing and, as a result, m ninm RET/US2005/023174
overal | equi pment downtinme. SUMMARY |In at |east one
enbodi nent, the present invention is a heat exchange
appar atus which includes at | east one heat exchanger,
an intake mani fold, and at |east one nultichip nodul e.
Where the intake manifold is in fluid comrunication
wi th each heat exchanger and where the intake manifold
I's qapahle eheptHdhBg béeh haah RXEHANGE JRELHM: components,
separately to each heat exchanger. Further,
egaelimllllyi dhozenadidde iirs pasichitonedoabtbeastsadieatephent, of
to at | east one heat exchanger, such that heat can
beaarisice mdyet weeh reaech seulst.t Ci proodethes vachRd le2@3k, and any
one heat exchanger. The heat exchange apparatus can
fhidgwatnohgdehareaXxhalist optaimiifzel der FTbenaxdmust thase falmbonents
is in fluid communication with each heat exchanger and
and teaphisbanofini feet \Warg orhente ar i Bx clremge amedt unf faamponents,
each of the heat exchangers. Also, the intake manifold
a cHie cdphbicaamen Feaprdpbigre heetrdatiexddrimpsl medoam all the
substantially_equaIL¥ to each heat exchanger. Each _
CORNMEERPp nbitd &ScadrTAbeElt e ABhAeEd Wigh &he/ vrrindble liquid
conpression mounted to at | east one heat exchanger.
tqgﬁﬁ§aﬁHFF§CBF?ylded by the prior liquid cooling systems.

Therefore, a need exists for a cooling system that provides an
uniform, predictable and consistent cooling environment for each of
the electronic 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 apparatus 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. Further, each
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nodul e Can include a pin electronics die which itself
abuts at | east one heat exchanger. The heat exchangers
w@aveoessenl d pl ates or other simlar structur eBCT/UTI065/023174
heat exchange nedium can be a liquid and/or an inert
liquid. The heat exchanger system can al so include at
| east one first connector. \Were each first connector
is positioned between the intake nmanifold and each
mhead cleXC hvdgee, isupbsibadnencdt healstexahasget tanmntbeleast one
di sconnected fromthe intake manifold. Likew se, the
hbégatexerahanger ssyisttdmtcanat ndrudeaatféedsttweem secbnoultichip
connector. Were each second connector is positioned
npét leemd heetbhaast omartidad @xahdngach heat exchanger,
such that each heat exchanger can be di sconnected from
t he exhaust manifold. In another enbodi nent, the
invention is in a piece of automated test eqU|pnent
haviTe ahpet negghepgeuiarresacds &£apl irkdd t ynefude an exhaust
mul tichi p nodul es mounted to the printed circuit
nypRFYd-a EQ@N%%%@U§GU$%%9?Q%d-ﬁ?o&ﬂ(ﬁlﬁgdac@mmﬂﬂ%Fatlon with each
cool ant, a cool ant receptor for receiving a liquid

hedoleihanghl b9 AquFBPEY Pfgtapparats e TheAt S¥ghange medium
[ fluid h t

<G4T SETRLEN B, PIBLER L0 Hdae on e
I l.ud I t

PR RRRIRL, RS 0500 B A Sl gy canana

eJodulen syel, Lhai heat is capabl e

!

Each multichip npdule can abut, be mounted to, and/or be
compression mounted to at least one heat exchanger. FEach multichip
module c¢can 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 liquid. The heat exchanger system can also inciude at least
one first 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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of transferring between each nultichip nodule and its
abutting cold plate; an intake nmanifold positioned at

WO e@shome) acent to the printed circuit board, REUS005/023174
the intake manifold is in fluid comunication 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

o ROSId ongd @1 d easd SdiiAceBit t exthenddid Nt &eLICi K4t t each heat
board, wherein the exhaust manifold is in direct fluid

e EEHANHAC alhh0Pe Wiid it teal drohatiee idkhaupar akhefold.
configuration, such that the exhaust manifold is
capabl e of receiving coolant fromeach cold plate
separately. The liquid cooling apparatus can al so
I ncludeaadthet akebodheeh oy mhent toivdretiweenishelrcoal amtece of
source and the intake manifold, wherein the intake .

awonmreEdor test capalilpmeot sSeparmat | pg printdd cdmneéti dpard, a
bet ween the intake manifold and the cool ant source,

pluc itdyatof heul ighid coedilrp appartadiste stbepardbted circuit
fromthe cool ant source and an exhaust connect or

boryisht €d chel apkns e ieauBt oWbRi 193 ldnidhecebatanta coolant
receptor, wherein the exhaust connector is capabl e of )

TRRORFOR | FRF areFuh i idormedt Aot hEPGARHC 1 hdhéxRaddiguid cooling
mani fol d and the cool ant . receptor, such that e

e C t . .
ARRAFAH ool Mg Epar SPRLiRE PEFAREBF et romitHEC Tyt cation

source. In another [
W#ﬂ%eh??oﬁ?o am%afougg?ogngEggeoEog gngr%gggétor. The liquid

cooling apparatus includes: a plurality of cold plates, wherein
each cold plate abuts a multichip module, such that heat is capable
of transferring between each multichip module and its abutting cold
plate; an intake manifold positioned at least adjacent to 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; and an exhaust manifold positioned at
least adjacent to 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.

The 1liquid cooling apparatus can also include an intake
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exchange device includes a printed circuit board, a

mul tichip nodul e nounted on the printed circuit board,
w@2melaspd at e positioned on the nmultichi p nodubP@r/usavds/ee3174

fastener connecting the printed circuit board and the

cold plate. Were the fastener urges the cold plate

against the nmultichip nodule and the nmultichip nodule

agai nst the printed circuit board. The cold plate can

chtndasid | APeAté@ fekiean! itthet OcbbBaml tbGhe® MBIl €he intake
The cold plate can al so be a conpression plate. BRIEF

ndEXRIETHENrOFn TH: DRAWKNGESothect eatily espablde of separating a
advant ages of the present invention will be better

flnder sbogdcwd ¢éih begasehn t ahthe ftalkeowhargi fold and the coolant
descri ption, appended cl ai ns, and acconpanyi ng draw ngs

sovneres. skloB thashdhs aigopd cedoldway appewabfis aipaseppdmble from
heat exchange system in accordance with at |east one

tierboeh et ofundse gudesentexhaveht copneft@ Mowhms kptween the
top cut-away view of a portion of a heat exchange

exfyastseim manidedey Rt ethg t o lanteastcate renyBirgdnt the exhaust
the present invention. FIG 3 shows a side view of a

CORAGOT 3 §2Rehle X FergEatyBe en F gk COPAgRERCN R ween the

at | east one _enbodi ment of _the gresent‘invention. L.
exhaust manifold and the coolant receptor, such that the liquid

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
éositioned 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 the multichip
module against Athe printed circuit board. The cold plate can be
positioned to form a 1lid to the multichip module. The cold plate

can also be a comnipression plate.
BRIEF 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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FIG 4a shows a top cut-away view of a heat exchange
systemin accordance with at | east one enbodi nent of
wao b®eposssent i nvention. FIG 4b shows a side CRUCFHSEYS/023174
view of a portion of a heat exchange systemin
accordance with at | east one enbodi nent of the present
i nventi on. DESCRI PTI ON The present invention includes a
heat exchange system which functions to provide an
appéeledi 8151kt iom abcbhRahgatg exehangs grELym across
each of the heat exchangers. %his di Stribution can
i ncl ude providing even pressures, flow rates as well
as tenperatures and conposition of the medium This
di sErGbul i sioved lcowspt bettheag wifeu e AEPhtf 161 bRat exchange
predi ctabl e and consi stent through each of heat
sysxehangeascotdatag vitin agvaeaheabnexetissfignerapad ke present
i.e. heat transfer rate, over each of the heat
ingxolhangers i s achieved. As such, the tenperatures of
each of the heat exchangers, and therefore the
el ectroni c conponents attached thereto, can be kept at
the sane tenperature, or within a relatively narrow
ran§éCof 2t elp@catdur e’R Fhk-aWash Wetrphuri aprdfionhef a heat
heat exchange nmediumis achieved in part with use of
eXghange oS idhilfoPGCardanse exidust ABAFE oPRe Wedimggt of the
each of heat, exchangers attached to a single conmon
prgﬁﬁBFylnven ion.

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 system 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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of the heat exchange nmedium the distribution to each
heat exchanger can be kept even . The ability of the
w@200al004869 heat exchange systemto keep the heaPCT/US2005/023174
transfer, and thus the tenperature, the sanme across
all of theheat exchanges and their associ ated
el ectronic conponents, is in direct contrast to the
serial cooling systens, described above. Because a
- serial systemflows cool ant through one cooling bl ock
after another, in succession, the conditions, i.e.
temperature, of the cool aHsonIlPlrIby altered after
passi ng through each cooling block. As a result, the
tenperatures across the cooling blocks vary along the
path of the flow of the coolant. In tenperature
sensThe veregpli datveohsonsimbladecooligqay ekcébegér epsttem which
conmponents, i.e. chip nodules, the heat exchange
fyystinms nust phevidpadh eevén ndi st vilmitigprr edfattihvee heat exchange
constant tenperatures on each conponent. Failure to do
medlwan¢eAd rcach df abie iteateguchirbasys or Wrisoddstipbution can
_performance, and/or damage to the conponents . More
18pbede i CRFPYLdingyercyent eRpEFattRRs chiP'af f&leR | fishg well as
signals of chips, and, due to increased electrical_, ) .
CPREF R GHES t EPPPUHA6G Ancthiorfeediggn we| Fhig distribution
| ncr eased ise. On the other hand, predictability in |
2LBFT ngIa F BV (R Tt dVBEATLin (o SIFSOMER o B sPihsconsistent

tfllggtrlc_%)ye;c Croefa%eg% ?{(r: gltic_r;rearnsc.e apnd turn, an even heat exchange‘
capacity, i.e. heat transfer rate, over each of the heat exchangers
is achieved. - 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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| owering costs. Wth narrower operating tenperature
ranges, conponents can be designed to operate at

whe@hee4869 equenci es and to use | ess power. W tPCT/US2005/023174

mul tichip nodul es, or MCMs, used in autonmated

testequi pnment, or ATE, sensitive pin electronics die
used within the MCMtypically can not neet their
performance specifications without tightly controlling

hédei xaRaIRId PG enperakysfSiatdd) Se® reahedisBdfer®fs, is in
the present invention, the tenperature range of the
dMEMB: heore: hean foud: taedielakicelahgbeiyBgen®) Nni@sdeidbed above.
within a 1C tenperature range . FIG 1 shows a top
Bycaves 4 - savala lofs s tpar dllogls keatapkchhngeglsysiemaaling block
accordance with at | east one enbodi nent of the present
afmeermiogherAsishowresaiheattlex cladgeions caold.ngesystamre, of
100 is positioned on a printed circuit board or card
thsocoslatt thtl i bei sltapabl @ftdr cootsiny edutrugh tdeeh cooling
conponents or devices 170. By being arranged to supply
bledfi ngAt o2 eBRPUBE, tiHe defiPegstirrea parass ethe cooling blocks
arrangenent, the heat exchange system 100 is capable
VY i faithengathect difefacur ef ofhe 239 1d&Fi-ce at the
same, or at |east substantially the same, tenperature.
That is, all the devices can be keep in a relatively
narrow conmon .range Of'%SX eratﬁtes . This can result

in i r SVBRF R o r P ARHEFSPmaBER GF e andcpr 091 G804ing oFf

electronic components, 1i.e. chip modules, the heat exchange
systems must be capéble of maintaining relative 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 <c¢hips, 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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nore conmon |ife span of each device, reducing the
overal |l anmount of servicing required. The cooling
WGEybemsiD0 i ncl udes an inlet or intake nmani f oPCI/LW05/023174
inlet or intake tubes or hoses 120, heat exchangers
130, outlet or exhaust tubes or hoses 140 and an
outl et or exhaustmani fold 150. The card 160 incl udes
an edge 162. The devices 170 are nounted on the card
edfiPrRGiracent Athe s8@eidibd phhe dikewrdhiestdtnsudd tikhin the
eat exchange nedi um (not shown) , in this enbodi nent,
MM € yphewnl geyaer abt yndat theiareawdribncdZpeA3fisdtidnd without
and A6. The intake manifold 110 functions to allow an
tidreami ngohtewl bing heellkedat epehainigey nedinperbdubes evenlin  some
di stributed over a set of tubing connected to the
entterd ifredndt s 14.0 . tiEh@riestak eimearitfiohg 16 temjard¢srg range of the
common or distribution region 112, openings 114, and
MGife dpwe baen 1A6indTie hendelkd off badiod rexiriteringtl vhehin a £ 1°C
heat exchange nedi um through the intake manifold 110
tempegtadwrebyande- arrow A2 . Dependi ng on the
enbodi ment, the intake manifold 110 can b e nounted on
the card 160, positioned over the card 160, or
positioned adjacent to the card 160. Wth tgiﬁintake

menifF&-d 1130OYB UM P it o CPhe ta¥ 160 PRI POWRSE hexchange
heat exchange system 100 and the card 160Q.to be
s¥ﬁQﬁﬂ.énuﬁFF’rﬂﬁﬁgﬁgw+€gn%ﬁ:iﬁqs&nPnFeﬁBégglment ofithe present

invention. As shown, a heat exchange or cooling system 100 is
positioned on a printed circuit board or card 160, suéh 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
substantially the same, temperature. That is, all the devices can
be keep in a relatively narrow common range of temperatures. This
can result in improved 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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and servicing of the conbined unit easier and quicker.
VWhich in turn can reduce the tinme and cost of
woreionersence and repair. The heat exchange nedPCUSXes023174
in the present invention can b e any of a variety of
substances including a liquid or a gas. usable |iquids
include inert fluids and other fluids, such as
water,flourinert dielectric fluid, HFE and FC77 both
maviaidlablle0f r orhea3Mazar p60ofn&tuddBauh, ed@nesot arhblsabl fees 170
gases include air, helium as well as other gases. In
atrdementoet nemt thhowaridn 1FH0G adh aaenitnatte fddged Ten. beThe flow
used as the heat exchange nmedi um The distribution
diegfitgrensl 20F etbevdeatheekhedngx chadijen medionm $h@wm)an in this
external source (not shown) , such as a cooling
emERadiaenta pefrphevatJoreualily, by libat aexcharker , A% A3, A4, A5
heat er, punp, reservoir or the |like. As the nedi um
andhés into the distribution region 112, it is applied
evenly to each of the openings 114. The specific size
and shape of the distribution region 112 can vary and

dep%pdln%%on factgaiglncludln% the flow rates into and

out o4 égR6 iﬁli%,toaﬁéllt’ﬂélfpﬂélﬁémti%sflow of
exchan e nmediu [

SSur

he i.e.
115%&5?§ES| %FP?? g %%%s??ygéaﬁﬁﬁ?Hg %%&?leﬁe§oﬁ¥er a set of
s, sh t he .di st ut| on 112 is
S.g%}f|ng?Fy?arée%W?n“€P6§8h§ @#B 1%ﬁ8 Spgﬁpﬁﬁgld 110
d,t eni_n pen end Thi s, al
1r13cr]]lgldggow %ngin‘gﬁo;alr %eg k?u exc analon ]1]162, openlngs 1\%54, and an
open 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 gquicker. 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

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

12
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medi umto reduce upon entering the distribution region
112 and facilitates even distribution to the openings

WA 1006/0048¢9 openi ngs 114 are positioned al ong t hECT/DSARE023174
mani fold 110 and function to allow flow to be directed
into each of the intake tubes 120 attached thereto.
Wi | e shown bei ng positioned along a conmon si de of
i ntake mani fold 110, in other enbodi ments theopenings

flddr Gadrtheiiencethes siges, e abeutrcthepBBni @A thaliQ from 3M
Wil e the size and shape of the openings 114 can vary,

cbéop actt eve madigl anardsardl. eveabid ayuddar onghu®ach rof helium, as
t he openi ngs, the openings 114 typically have a conmon
wslZeaandtishapmsebhe Iparthiec ebbdsheet astebvehaipe RKIfG.t e an inert
openi ngs 114 i s dependent on the particul ar
fhppd i at benuaad anchaarheadepandange owediant.or s
including the desired flow rate through the openi ngs
114, and the properties of the heat exchange medi um
as noted above. The intake manifold 110 al so incl udes
t he Berlichginupioniieghonasl Ak asiséieAgtila headl Pyahagoe medium
the flow of heat exchange nediuminto the manifold 110
EX¥ D MarfEaT@halP o8b8? c 1Yot SHdwn)SUChTRE exeephng system, a
source can be a cool ant source. The size and shape of _
r?#ﬁ%?ﬁﬁﬁﬁlﬁﬁ YRYE ¢ &n DeaFye %ﬁﬂﬁﬂﬁﬁﬁhgao%e%Wﬁ¥VeﬁHEHPn%%%?rVOlr or

G S 52, AT R LA B, oy mao, e
iPereahgn 112/
1%jé%p 1eda£%8n19°éé“¥%c %%n@ggtgéeégn&gﬂfﬁﬁé nggegééglflc size
and shape of the distribution region 112 can vary and depending on
factors including the flow rates into and out of the distrigution
region 112, and the properties of the heat exchange medium, i.e.
pressure, compressibility, viscosity, and the like. In some
embodiments, as shown, the distribution region 112 is significantly
larger in cross-section than the openings 114 and the opening of
the open end 116. This allows the flow rate of the heat exchange

medium to reduce upon entering the distribution region 112 and

facilitates even distribution to the openings 114.

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 being positioned along a

common side of intake manifold 110, in other embodiments the
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whi ch functions to attach the tube or hose fromthe
external source to the intake manifold 110. The

w@oweeese? 118 can include a valve, or val ves, PE€DUS2005/023174
prevent or limt any |eakage of the heat exchange
medi um The connector 118 can al so be positioned away
fromthe open end 116 al ong the tube fromthe externa
source. The connector 118 can be a qui ck-di sconnect

ofsHineet ari 4t acal Iw drhesthdrerdialessowrc eaddilte the B@nifold 110.
relatively quickly disconnected fromthe manifold 110.

WiSUeh thequiick- ahd csirapect fcahaesparidgcilllisit abpsvahequiclachieve
renmoval of the card 160 froma test head, or any

a $iafiehgedappdreatostldhithronghueachaldfonke fareniedac ethe openings
service tine and | ess equi pnment down tine. Also, this

1kﬂcﬁﬁﬂi§§lﬁwréaﬁee&i@@meQ/SizaﬂamﬂMShngndiVh@LEﬂrﬁinuiar size
to be serviced without inpacting other cards in the

arshupriet Of THES) mRrevd nggbelsl 4205 aferenderict ed eewa@articular
the intake manifold 110 and the heat exchangers 130,

apMd Riieri i CGRCERFY deReNHERY Wk ERERGES neWilyfing the desired
t her ebet ween. Each intake tube 120 includes an inlet

£1p5h ARG BRT Ot é‘F’el?P%nln%e”gd‘enéPgl the Rpogereies opf jtde heat

shown by the arrow A3. e i ntake tubes 120 can be of

e%ﬂﬁ?%%e egéP?et%Scﬁ°9$dfFEPgﬁt mat eri al s including

rubber, stainless steel, aluminum plastic, vinyl, and
copper. The intake tubes 120 can be conpliant and/or

IL:)&jhgl SnlYRL NG W GH Ry beJ (?L%lélllrlggs e a%Jerlilsérilc[Pg_Ll& which
has an opening 117, allowing the flow of heat exchange medium into
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 embodiﬁent, 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 é valve,
or valves, to 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
external source tube to be relatively quickly disconnected from the

manifold 110. Such a quick-disconnect connector facilitates the
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al i gnnent of the any connectors placed al ong the

i nt ake tubes 120, as described below. The size and
WG bape04s69 t he i nt ake tubes 120 can vary dependPCyUus905/023174

the particular application. Factors including the

desired flow rate and the properties of the heat

exchange nedi um determ ning the size and shape used

for the intake tubes 120. The outlet 126 is shown
qhetrgrahdegheslt t ehé heaheal s @xehanger tdS0 ang eneawf similar

its sides, however, the outlet 126 can be attached to
appatatexchampers 130tatn anyl oofs dovareetyedfsadififcer ehe and less

poi nts about the heatexchanger 130, dependi ng on the
epaiphenut adoemntiger at iAdrsoof tthie | pitaeticerd noutd eflefibility in

t he heat exchanger 130. Between the inlet 122 and the
ablovtg 1R26lividaailnicakdst tbebd 26 wairddotiglious impacting other

connector or first connector 124 which allows the
cppdakin tiiise egROPMEnbe separated into two portions on

ei ther side of the connector 124. The connector 124

can include a valve, or valves, to prevent or limt

any Ieaggge of the heat exchange nmedium The connector

124, The dRGKPL FIRESIAD| 2FC CORRBEEST RATFVERE Bihdudpke manifold

bes 140, as detailed belq al | t he, heat
18 cRaRgERS 18071 ot Eved SPr R RO Sy TR Ay the eat

Wit hout renovi the rest of Fhe Ccoo| i ste 00
FP R hd Cl 1007 RoE 3P osulto G- RERL CURE hiernoludes an
:uﬁ%t "By, DG J GPYGE1L0 fACT 4 Al 8 RCCEPSL S, (G d8YLECs shown
by the arrow A3. The intake tubes 120 can be of any of a variety
of different materials 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
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or structure being cooled by the heat exchanger 130,
i.e. a MCM as shown. This allows individua

wW@eovpomMst s to be serviced w thout inpacting or¢EDS2005/023174

conponents on the board. Also, with the heat exchanger
130 and the device 170 being nounted to each other in
an integrated unit, as detailed below, the connector
124 facilitates the renoval of the unit fromthe

e&bRANR! - cﬁﬁdj]&g%eﬁgh%gc%ﬂnQ%EO?a%%écﬁfgrb@o@fl uration of the
quil ck-di sconnect connéctor suc as a connect or

iAvat | abl eftnem Eat ene ARSI WxRhahher imat ed in Maunee,
Ohi 0. The use of such a qui ck-di sconnect further

reduces the tinme and effort need to di sconnect the
tube. In turn, this further reduces the service tine
and BsiudareRhedOoMiet iUPR2. ahd S @TkediPeNtihe intake tube 120
t heconnector 124 . is referred to as an inlet cold plate
cgonhectwie & hsordreattoexchrafgerstl130nfidacét ohd4 twhich allows the
transfer heat between device it is positioned wth,
intzke rivdpet 820 Upobke aspRtdiedeatoeohaogeinediameikher side of
some enbodi nents, as that shown, the heat exchanger
thgocpumettwnslabd codhet sendegter 170 that inslude a valve, or
positi oned under the heat exchanger 130. In certain
vehboti neht Prevhet devi celmiFo s {erkads dpf atéebdsadd exchange
such that the cold plate is in close proximty to
m%%w@me#@@ Sf’nf‘ﬁ%t%\A% glogg vhih baar%lnaflaéxﬁeglé%ctor on the
dies in not ed above and as further detai

SRR, tPH@S hJe%R éﬁcﬂ%\?@e]redl@s S¥d qH&W&e*v'h%éleﬁoeé%anger 130

%xggg%%sgdt§%§%tggblhggasystem 100 without removing the rest of

the cooling 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 En an
integrated unit, as detailed below, the connector 124 facili£ates
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

f
service time and equipment down time. In some embodiments, the
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integrated unit. The size and shape of the heat
exchanger 130 can vary depending on the requirenents

w@booshessparti cul ar application. For exanple, tPET/BEF05/023174
of the heat exchanger can be directly dependent on the
amount of heat that nust be transferred fromthe
device it is nmounted to, and the device's surface area
avai l abl e for the heat transfer. The heat exchanger

cdrtfl G2 Re4a; colde N RAlL W LB &an VALl St %oqfd 91££@rc%ﬂnector
configurations, as further described below The heat
exchanger 130 includes an inlet 132 and an outl et 134,
whi ch dependi ng on the configuration of the heat
exchaRgaiecal3kbxdahgee l100at@mthcati odif frer eifanR@sirt heB8 between
about the heat exchanger130 . The heat exchanger 130

deaireebei 0f 1anposit ot | eigh o0f 1 0k f f goemtedratgsi al &nd the heat
which aid in the heat transfer, including materials

exgiangel gledieat trlansfeere raiesiisgohsasasopper, shoass, the heat
al um num and the |ike. The exhaust tubes 140 are

exgdramgetre d 30 efweeni driive theabobxchanimrisel 300ahdat hiss positioned
exhaust manifold 150, and function to carry the heat

urgarh dhge hretli exchanaegbdBleenin Rt adxhgnbrdingrt 4 (he device
i ncludes an inlet 142 and an outl et 146. The genera

11 dwsdithecepbiPla-s RORACBy St fle ’%héif’fo\ﬁhﬁ goldTpRatesxHgugin close

tubes 140 can be
proximity to components of the device, i.e. the bare or exposed

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
depending on the requirements of the particular appliéation. For
example, the size of the heat exchanger can be directly dependent
on the amount of heat that must be transferred from the device it
is mounted to, and the device’s surface area available for the heat
transfer. The heat exchanger 130 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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of any of a variety of different materials including
rubber, stainless steel, alumnum plastic, vinyl,
W@ oppen486The exhaust tubes 140 can be conpl i anPCHIOM005/023174
flexi bl e tubing which may be required for adjusting
the alignnment of the any connectors placed al ong the
tubes 140, as descri bed bel ow. The size and shape of
t he exhaust tubes 140 can vary dependi ng on the
1f|rticul ar application, with factors including the
desired flow rate and the properties of the heat
exchange nedi um determ ning the size and shape of the
exhaust tubes 140. The inlet 142 is shown bei ng
att atkedebd divhdigetr XChangbe dB8Giral ofga oreietyi ¢8 different
si des, however, the inlet 142 can be attached to heat
nmebeotiangeniBh aticariy bhe chasdr itetys6ér di frfdrneiingpoatesials with
about the heat exchanger 130, dependi ng on the
higgr tHeeul dragefitr guabes osnddf asheoppeet BB2sandebutingm and the
134 of the heat exchanger 130. Between the inlet 142
liged 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 into two portions on

either side of the connector 144. The connector 144
can Tl GBadshalWbesr 18| vaES (PSRt BREYRRR ¢ the heat

o2 225295 0L, e hest exchiangs s i The SO0EEt Al cary
tﬁgohe§%|g&@hgﬁgéhggéig%cggggg&ﬁ%%%nao bgaéﬁngxﬁguggoghbe 140
includes an inlet 142 and an outlet 146. The general flow
direction is shown by the arrow A4. The exhaust tubes 140 can be
of any of a variety of different materials including rubber,
stainless steel, aluminum, plastic, wvinyl, copper. The exhaust
tubes 140 can be compliant and/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 exhaqst 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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cool ing system 100, wi thout renoving the rest of the
cooling system 100 fromthe card 160. A s a result,
w0 b@chessd exchanger 130 may b e renoved to facPCT/U81005/023174
access to the device 170 or structure being cool ed,
i.e. the MCM as shown. Also, wth the heat exchanger
130 and the device 170 being nounted to each other in
an integrated unit, as detailed below, the connector
13ct4 stacddy tetes therieipvak ofifrBecHdi poine® tdkarghe heat
160. The connector 144 can be a qui ckdi sconnect
exXcHIREIrON 39y clicpendi ) eonneet paravanlabl e ffigmrEation of the
Aeroqui p, Inc. lodated in Maunmee, Chio. The use of
isleth 182qahdkdusbanied offuthbehedeductmnghe 1BOre and
effort need to disconnect the tube. In turn, this
further reduces the service tine and equi pnent down
time. In some enbodi ments, the connector 144 is
r ef detagenoths iadettnl €2 angl dhplatteledohhbotidre Ehbaust tube 120
exhaust manifold 150 functions to collect an outgoing
cgn o\pcdfadehe ReaReekehages sasdicusonrneatehel ¥k Hdusth allows the
tubes 140 to be sent out of the system 100. The heat )
RN §EL et UntT £if FePsEatet ol Bt T dolcaReTEéeRDt O .either side
exhaust manifold 150 includes a common or collection
o gi%IreI8Ct8pent hys 4%, CUNECARTopéh &MY HEBLUdme valve, or
eneral_direction flow,of the heat exchange nmedium ‘
v RRGughtq BT SXHEUs T et bl AT50 T 4EERot bhot heSaFr Gchange

m b mggg %L% nggc%gg ?EE?défggg’wfgﬁaé%éh%%%&ec g%fgkg on the
intake ﬁube 120, allows the heat exchanger 130 to be removed from
cooling system 100, without removing the rest of the cooling 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, i.e. the MCM, as shown. BAlso, 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
Beroquip, Inc. locdated 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 scome embodiments, the connector 144 is

referred to as an inlet cold plate connector.
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nounted on the card 160, or positioned over or
adj acent to the card 160. Wth the exhaust nanifold
was@enowsed ed on to the card 160, the heat exche@myes2005/023174
system 100 and the card 160 are a single unit. This
makes installation, renoval and servicing of the
conbi ned unit easier and quicker, reducing the tine
and cost of maintenance and repair. The collection
regi on 152 can direct the heat exchange nediumto an
external device (not shown) , such as a cooling
Syst®rg eahaeft ingeridbilanl IMifluncaibeattexehadgeran dutgoing flow
heater, punp, reservoir or the |ike. The specific size
ofinthes e ekchlmege alddboin dmomeghonedtEistanubasylahcto be sent
dependi ng on factors including the flowrates, and the
opt aperthicesyeten he heatThex bkahgexomahgemmeidien papssairssnt to a
conpressibility, viscosity, and the like. In sone
cepadi meseptouch Fke t exhawttowanitfhédcdbp ett¢bnlasegi grommon or
is significantly larger in cross-section than the
cob@afitigs 59ignd 16Re 6PeRingsoflStheanpenn epden56ndThE6.  The
openi_ngs, 154_arefpositioned al ong the exhaust nanifold
95T An FFETEErsn fevalafoia digdto Bechdingecmedipmohrough the
ach of th xhaust, tubes 140 attached thereto into
THRASORPBCEPLR Tahiion SPEZn WK Fi SHOWY Bat ng
positioned along a comon side of the exhaust manifold
150, in other enbodi nents the openings 154 can be on

Oth%%pgh §§g on the embodiment, the exhaust manifold 150 can be
mounted on the card 160, or positioned over or adjacent to the card
160. With the exhaust manifold 150 mounted on to the card 160, £he
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 collection region 152 can direct the heat exchange 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, viscosity, and the like. 1In some embodiments,
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or about the manifold 150. Wile the size and shape of
t he openi ngs 154 can vary, to achieve an even fl ow

wo boeogiseeach of the openi ngs, the openi ngs 15BCT/US2005/023174
typically have a conmon size and shape. The particul ar
si ze and shape of the openings 154 is dependent on the
particul ar application and can vary dependi ng on
factors including the desired flow rate through the

sOPE N NUHak04hoaRd tHe IOReALELES O 1$rb%§1%§gn§f99%p9fy largér
medi um as noted above. The exhaust manifol d 150 al so .

ihn@ﬂdﬂ§¥%e@ﬂi@ﬁeﬂhéﬂ“ihk5@peﬁhﬁ?éﬂkﬂl and 496 JIRiAB of the open

openi ng 157 which allows the flow of heat exchange
en@diidn fromthe mani fold 150 to an external |ocation
(not shown) . The size and shape of the opening 157
can vary dependi ng on the enbodi nent, and on factors
including the flow rate and the properties of the heat
excHargeraedngsnl SEherepers idridné86abary ahscetnmaistd@ani fold 150
connector or exhaust connector 158, which functions -
anddtungdh onheot albeow if Lhgsto tle tdieeekedr fiadm leacat bOnth® exhaust
t he exhaust manifold 150. The connector 158 can ‘
tuhrs dd® atfarbed erexgfiovdégtot bhgresdlfctdonl rapiomny52. While
| eakage of the heat exchange medium The connector 158
SRAHT AedgIpeopblitnashedordey Famsint Fédepeh thgdexbsust manifold
ﬁggqghthe tube to the external source. The connector )
t P HHETa RPN (st ShfeEPRBMARCHYr B8 BPI oW dlther sides,

of?%ﬁé@ﬁgtbggg@%gfgzﬂ{s%%%iXg%giﬂgi%ﬁgysﬁggcgﬂgfcéggée 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 dependent on
the particular application and can vary depending on factors

including the desired flow rate(through the openings 154, and the

properties of the heat exchange medium, as noted above.

The exhaust manifold 150 also includes an open end 156. The
open end 156 has an opening 157 which allows the flow of heat
exchange ﬁedium 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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Such a qui ck-di sconnect connector, in conjunction wth
the connector 118 on the intake manifold 110,
WO aw6lo4set es the quick renoval of the card 160PET/082085/023174
test head, or any simlar apparatus. This in turn
allows for reduced service tine and | ess equi pment
down time. Also, this provides nore flexibility in
al 'owi ng individual cards to be serviced with
athpeltt ity Oilwerocdicke 1o the egtiepARNt 1.08PL0W1 9 MMk exhaust
t he enbodi nent of the present invention, the card 160
merhf Yled d50haritted coandcbor d 5% bahethdlivdeubt vADRE dorThE1ves, to
device 170 can be an el ectronic conponent, such as a
PHETEI R Hotll eanpr lviOMgchad nthepireaed entdiRmiges mdd@sm.  The
An exanpl e of a cooling apparatus or cooling plate is
CHEFHt H 38 agns.alpat bat PRaibeendd 83g 042 omrernttd |®@@n end 156

| QUI D COOLI NG APPARATUS FOR USE W TH ELECTRONI C
a%@i{ PRENFUL Syt i gt e TRl gourcei. ssTee dretmasaioy 168 can be a

1999, which is hereby incorporated reference inits

U HIEGOARPEl ZOHORSR (o BuloRudyiovi ewofnal tube to be
artion of a heat exchange systemin accordance with

TA @%’ e o diimennreFtehe TpPRsEhe ierhanstomanAfold 150.

t _exchanger. or coolin |ate or cold plate 200 '
3452% Gde ujgcgf‘?h%‘%%%o,go PRt orthi nfaR&UEGRHEt ;iith  the

or. 230. The gener al
co%%%c@%g ﬁlg%hettp%r i§X0RusL gopneet o, 230, The general quick
flow direction o
removal of the card 160 from a test head, or any similar apparatus.
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 ELECTRONIC EQUIPMENT, by Gutfeldt, et al.,

issued February 16, 1999, which is hereby incorporated reference in
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a heat transfer nmedium (not shown) shown by the arrows
Bl, B2, B3, B4 and B5 . The cooling plate 200 can be
wo eovovesed rom t he rest of the heat exchange syRCEDS1995/023174
t he connectors 220 and 230 for repair, mmintenance or
repl acenent of the cooling plate and/or the device
(not shown) that it is cooling. In the enbodi nent
shown, the structure 210 of the cooling plate 220
itocdides gn 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 formthe channel 214, which
di reets. thesgoet aat ddiy augh-aag cdeli ngF phaper208h 8% a heat
shown generally by arrows B2, B3 and B4 . One exanple
eRéhdye tdhie thown catcdedadidecetied 80 belectdneckybblitment of the
first over certain regions, which are positioned above
ppasé¢nicunaencbopon@nhsabfexdimndgevi ce dveiliggcobdted or sold plate
shown in FIG 2 . A variety of otherenbodi nents with
2@0 f ierlordes at eknattiteowldat teindetrer piggsiks eonnector 220 and
byreshapi ng and rearrangi ng the frane 211, the divider
a2qetletd athexbhaaheforxiertdm 28He efbodienanalofflpHedirection of
present invention shown in FIG 2 , the divider 212
afhert iteRESEET dReEU™ t(RETF PR RUEROMRAPYi Ehe iagtowE| Bhes B2, B3,

over the regions XI and X2 then on to region X3. The
B?e@?@nﬁ?- The cooling plate 200 can be removed from the rest of

the heat exchange system by the connectors 220 and 230 for 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
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X', X2 and X3 can show the positions of conponents,

i.e. chips or dies, of the device set belowthe
weombiomgepl at e 200. I n sone enbodi nents, the regi/os03023174

and X2 | ocate pin electronics dies and the region X3

| ocates a digital ASIC chip. In these enbodi nents,

since pin electronics dies are typically nore

sensitive to tenperature levels, and variations

efithed @it st haRnhdbgttateASliGteRhpS, f1de Jd1@wWw0E hbe possible by
coolant is directed first over the regions XI and X2 .
réshaericaianderradrarging the fuameel2act r gRec8idi®sr @@ and the
nost sensitive to tenperature effects along a specific
cletlgeelof21tdhe die. By setting this edge of the die as
the | eading edge, relative to the flow of the heat
transfer nmedium the sensitivity of the die to heat
can be mnimzed. As a result, with the enbodi nent of
FI GIm theysimbodimendl ¢ hgtlearrirseptovindedtion t $leowi rin FIG. 2,
el ectronics dies in each of the devices, i.e. MM,
thiei f ickien &d DyEUEsERoBE ERediBRtt Nghol Btas 52{37@1 ghag it first
heat exchange system Bel ow t he channel 214 is the
1P PVpFat e 299 14RE dbARS Wet’éﬁ%rﬁﬁbltoaﬁe‘ﬁr’p?feﬁ(%l aflee regions
not shown_in the cut-away of . The | ower

X]pfl at%e 2345 XdafitBeSHOhddEe tproﬁﬁgf‘é?s p?%t TRRREERS cah- He ChiPS or
t whi ch_al f
4%meTor S UERVRES CBRpePo BT 1l SPOMILATLIF (AW In some

embo&%ments, the regions X1 and X2 locate pin electronics dies and
the region X3 locates a digital ASIC chip. In these embodiments,
siﬁce pin electronics dies are typically more sensitive to
temperature levels, and variations thereof, than digital ASIC
chips, the flow of the coolant is directed first over the regions
X1l and X2. In certain embodiments, 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 the 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 electronics 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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The structure 210 al so includes the inlet 218 and the

outlet 219 for allowing the flowinto and out of the
weombioogepl at e 200. Positioned upstream from tPET/US200$/023174

218 is the inlet connector 220 and positioned

downstream fromthe outlet is the outlet connector

230. The connector 220 and 230 can al so be positioned

in contact with, or part of, the structure 210. The

connetdt st ochanned3@ldari si ibbudewarvplaee 216 valdesiove the

to prevent or limt any | eakage of the heat exchange-

CHE M 3N HPBEHEPEHBR diNPENEBOWR Hen iticetutomwectad F220 2) . The

and the out]let connector 230 are uick-disconngc;
1%‘6%@[30‘%% 4lo5t 8 0% & degfe tF—’éﬁﬁg?ﬁ” piathe woolh mgn be of a

| ate 200.fro he heat exchange system using _
m%%%%-ldiwg%hnaggéo“&soﬁn%%‘ﬂbrrsatﬁl PHViEatoErans Beuctsush &9 copper,

ti need to. renove the cooling plate 200 ,
b%%ﬁﬁhﬂ%¥§mﬁFﬁ3 ﬁ%%dgb?wl%ﬁgrvicing and equi prrent

downtime. Usabl e quick-disconnect connectors include

as QD connectors avail able from Eat on Aeroquip, Inc.

| oc d . jaQ. L ertain enbqdi ments of the
ot B % USSR TR 5] S0 e

. [ heheg]
cemde diiodiag LE PR SHEPANGTLLL0 BANENGRl e e 20,

exchange systém 100 :

PAHI®SSNSECHD PR ar | SOk 1 Pﬁ’i[é[& oy Pf; @ tﬁ%aﬁafé‘é’ hcf‘o” Rctor 220
systemin accordance with at [east one enbodi nen

ardh@optesenéd i @t @Rm Fhemerodimmat §Qo%ﬂei£héﬂé% é%nnector
2;0% aghe connector 220 and 230 can also be positioned in contact
with, or part of, the structure 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‘connector 230 are quick-disconnect connectors to
facilitate the removal of the cooling plate 200 from the heat
exchange system. Using quick-disconnect connectors allows for a
reduction in thev 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
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integrated unit 300 that includes a heat exchanger
310, fasteners 320, a backing or bolster plate 330, a
w@e a00d/0o186devi ce board 340 and a device 350. Flper/082085/023174
heat exchange nediumis generally shown' by arrows C
and C2 . Wth the heat exchanger 310, the device board
340 and the device 350 all secured together by the
fasteners 320, the integrated unit 300 provides
hsaveemthdngectsiyohsm V99 hoff IRIGheat exchanger 310 and the
devi ce 350 abutted, the transfer of heat therebetween
is facilitated. Since the heat exchanger 310 is
secured over the device 350, the heat exchanger 310
al soF¥@incl | Py sas? Sided grosstrhectévice 8597 PF ot aeditign of a
its conponents. Also, with the fasteners 320 urging
hepk SHEARNERCAAMERIE 11 GCloRAaReRIWISh pheleRst e@e3spbodiment of
t he heat exg¢hanger 310 can function as a conpression

the aPECFER s ecBV R EH  deville i9RPoRemBBAr §h9up. iAs BIG. 3 is an
ek iR br 0B e SRS Arieat corprederonid; Fasteners
B PBRAL e G ORARES™ Titife PG o age Sevict Board’340 ana
S oL O F A" bt o PG e T ysomn by

dmyn 348. The heat exchanger 310 is capabl e of
a?ﬁ%ﬁsfer%ﬁﬁgé eat between the device 350 and the heat

transfer nmedium (not shown) flow ng through the

With the heat exchanger 310, the device 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. Also, with
the fasteners 320 urging the heat exchanger 310 down against 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 complexityf
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heat exchanger 310. The size and shape of the heat
exchanger 310 can vary depending on the requirements
w@booshessparti cul ar application. For exanple, tPET/BEF05/023174
of the heat exchanger 310 can be directly dependent on
t he anmbunt of heat that nust be transferred fromthe
device 350 and the surface area avail able for the heat
transfer. As shown, the heat exchanger 310 is a cold
pl atthe Teeatheathaxpirasger iddlidan aheoef1any310f, @ chamber 314,
variety of different materials which all ow heat
atheasf ekchamgd udiatge NBit@r | Bdst WB1h @hmbests t BBHST eThe heat
rates such as copper, brass, alumnumand the I|ike.
eXHangeat 3dRchangepalBl® carntimsfegonposheionb@fween the device
different materials, for instance, a material with
3H] pnchédre theatistepnpfoparadios caotbehosel Alowiocatthonsigh the
where heat transfer occurs, such as the heat exchange
heftateechepacandl & difhresdht add etliate wfedhboheat hetchanger 310
ortions; such as an thermal insulating material at _
Cidhe &er AGPCRAERS. Fhi sthtonpesiuirenents nee®r itdles particular
uld allow greater heat transfer and reduce potentia
i oaFeEPse 9T SCETBEN 5E° CHHERMIATENITAE PEdianger 310 can

exchan t hr h the heat exchanger,

di fl
P nfar F%glg? ﬁ%rg:rﬁ‘?ﬁgfwﬁ(%%t oWATCU ha R ngethr oyt t ARISt  be

tr%?%rfg?;eé1§Jfoa1{]%h§)(<lfitexlr{]ge tEySOa gngquee tsu?’r a'ceTQJ.e*eg hgvrgbi rable for
can e or ne (e}
the heat transfer. As shown, the heat exchanger 310 is a cold

plate.

The heat exchanger 310 can be of any of a variety of different
materials which allow heat transfer, including 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 ﬁeat
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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di rect the heat exchange nediumw thin the heat
exchanger 310. For instance, the chanber 314 can be
wo eooamassd direct the flow so that it initiall pCPES®Es023174
over the nost heat producing and/or sensitive
conponents of the device 350. In some enbodi nents, the
flowis directed to pass over the pin electronic dies.
The chanber 314 can also include fins or simlar
St rugdaur i Acreas 1e_S e.area.and aid in
heat tra}ﬁ%‘%%gg%ggt%i %ﬁgggge? \!/Lvég% Fﬁlémﬁ%%tt S chEHgeS*changer,
ey 2 BRheigh t 0 h
devi323350 i's thggﬁgg?séégﬁgg@egfﬁ%§2P3?§g5$% tnd 5%3mber 314
addc:tidiaioe ieah thanstesibhe hgat cpxphanas Plate 316 .14 to
can be formed to be in direct contact wmth the
dicomponbatiset cthadgyingaiidalvi thoo cridhgobeal diagstesio. rox
pl ate can be of a material having good heat transter
ingtanaet ethst ¢lesgbd MGLYdt g oL FRRAED B aBiSre | WAL WHBYw so that
~and the like. The heat transfer plate can be placed
itaviayi tipdhyt hes slevicoer3bBe assshowy, giydacsely Mdf@elsensitive
317, which can also act to seal the space between the
coppenentansfeichpl deviamd3ihe devi oen8Snboligeh€al the flow is
.exchanger 318 can al so i ncludes nounts or a set of
digegtedely Pappaover thecpilvi elptthmrfiastitasr s TRR0ckaber 314 can
al | owi ng t heheat exchanger to be secured to the rest

alge fReLiArt £300. oTheirdbrensr s @20 esr eopasicreenedthe surface

betmegn t he, heat exchanger
area and aid in heat transfer.

Positioned between the heat exchange medium in the chamber 314
and the components of the 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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310 and the bol ster plate 330. The fasteners 320
function to urge the heat exchanger 320 as a

wewpoessd on pl at e down agai nst the devi ce 350PCHOS200$1€23174

device 350 into the device board 340. Not onl ydoes
this conpression aid in heat transfer between the heat
exchanger and the device 350,. but as further detailed
bel ow, bypressing the device 350 into the device board
hé40, e:elRGlgeircab BONsatirdpttbeenet hestlayd ade388iangot he
devi ce board 340 can b e facilitated. The fasteners
320 can b e conpression bolts or simlar articles. The
bol ster plate 330 is positioned bel ow the device board
and Thencidsirseas GofApresspositplatesl betweent aha heat exchanger
enbodi nents, the device board 340 is a printed circuit
3board gheabchamerelpleded33The Thevifeetboarsl A0 feagtion to urge
function not only to hold the unit 300, but it also
teanhezt suppiygsd ed2( i@l a copnrees DI tlatse down gwainst the
350. A s noted above, the device board can also be
dersker 29 Ompamd thet dREIGAD ¥ Aabst thmmerdicgsbeaet owrjot only
for the heat exchange system _The devi ce 350 i ncl udes
daedo i85 LOMPIEPEAEN35Rd o | REEIf deE B eTa Pugen the heat

conponent 356 _and, a .sec g conmponent. 358. In certajn
e % s 8

e (e B C853°0s BUhuPEi ERFBRRbddr R ghevBlov, by
p%%srjﬁ}gg%egrsgggjgﬁe ?gh@tsiig%odlt%% 2 e%ircr:%urgo%q:dt rbezfoe,t oe'lectrical
contact between the device 350 and the device board 340 can be

facilitated. The fasteners 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
electricai connections to the device 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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to contain the interface 354, particularly where,
descri bed bel ow, a deformable material is used for the

WO nicendsmee 354. I n sone enbodi nents, the interP@UESBH023174
is a conductive el astoner which provides electrica
connections between the device board 340 and the body
352 including its conponents 356 and 358. One such
conductive el astonmer is MPI available from Tyco, Inc.

35)4:, %t tfligb@r@@bnﬁsgaghmtat SelcBné &ﬁ%&féﬁt' kay . In certain
avai l abl e from Tyco, Inc. of Attleborough,

elisBachtysetis bddy ab2l aast manei &fodicaent ©f MIE where one or
present invention, as the MCMis urged agai nst the

mddd rhedscor elliels Boarmhurlyed bre fstd onshef rdie B83tcan function
exchanger and the bolster plate as conpression plates

tardntthéncomriessirdacbob’4, phireicabduly ivterel, adé9oBIbds below,
def ormed and el ectrical connections are fornmed between

a t ef MIMbdied mprtientied disr cudetd bbar dehd nimtdweface 354. In some
enbodi nents, the interface 354 can be a set of pins or

engragdmengads tart dndengaeet Bef flisom tdmnchody ve52lastbiher which
devi ce board 340 to contact either the device board

PII3dse ehechbisr Bopnnasdieast Bt yeersutte plewsiasr Hoeads 340 and
can be secured by conventional neans, such as by

Chep | A n§o DepBAtRAEDnithe cenBoMrHeENt 306 BRE PO8sentOne such
i nventi on, ihe first conponent 356 can include one or

cqﬂﬂggtbyﬁ ef %T?Qﬂﬁﬁxs%ﬁ egQI available from Tyco, Inc. of

Attleborough, Massachusetts in a Kapton film available from Tyco,

Inc. of Attleborough, 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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Since in ATE applications pin electronics dies tend to
be sensitive to tenperature |evels and vari ations
w0 b@oeofse at | east nore than other chips, suchp@wUS2005/023174
digital ASIC chips, the pin electronics dies are
typically positioned furthest upstream relative to
other chips in the MCM That is, the pin electronics
dies are positioned to be cooled first by the cool ant
to aspur@ihsdabnt hey amBocoeded by the mmsbeuhi fiovemtion, the
coolant. To aid in the heat transfer between the pin
riglsecteapbesnttlizs and thelhdatorexclhramgeeppan eeZBrenics dies.
thermal paste 357 can be applied therebetween. An o
siexanph aTH agp3iltdaiires pherekdctpastiesi ¢iggCegdgtovits gRnsitive
is available fromIBM Inc. of East Fishkill, New
toYarkperatoee t Bevelentodl mamietadpns heheresfontati dwesti sare than
t he second conponent 358 can be a digital ASIC chip. . )
otAernohéds aboveh asi déeitpyiABIC ARiesehips PEnElrponics dies
| ess tenperature sensitive than pin electronics dies, :
anehbypl gt el PASLELerrpSuciReBE YRAGLS8N el RISt F8a‘?ﬁ5}}eﬁ chips
the flow of the coolant frogmthe pin e]ectronics,dies.
in khetWe¥ - efBali hentdCoPLE R SSEOBMES| RN ATENPOT hgtoned to be
cooling plate 200 of FIG 2 can be used _as the heat, .
COBieRangErt 310 GF° (RELPREh? dt ot i 13061 6F #d Copled by the

iy i b i AU S 0n g 300 AR Rt Gl Bl M lfn tne pin
electronics dies and the heat exchange plate 316 a thermal paste
357 can be applied therebetween. BAn example of a suitable thermal

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 less 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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FIG 4a shows a top cut-away view of a cooling system

i n accordance with at |east one enbodi nent of the
w@e@somsed nventi on. FIG 4b shows a side cut - aRelyusioem23174

of a portion of a heat exchange systemin accordance

with at | east one enbodi nent of the present invention.

The enbodi nrent shown in FIGs 4a and b is a cooling

system 400 that has a single manifold 405 nmounted on
bd heedoahdtH80hed Ore 6 0RNGRYs fs &k fﬁo‘ﬁfegEEQ”i? devi ces

470. The conbi nation mani fol d 405 includes an intake

mani fol d 410 and an exhaust mani fold 450, which are

separated from each other by a fl ow separating

struetur dadGhgpasid | onedeit tdvdy theseosbi fakbeNing system in

mani fol d 405. The separating structure 407 functions
adqoordhurdevitie dntlaketmanef ehisbdit i o the gxdeatst invention.

mani fold 450, so to not allow m xing of the intake and
Figxhabsshéwows sdfiet het heaty triansbEra neditimn( 86t a Sk kxchange

. Connected al ong the conbination manifold 405 are a
Sy§éemotncasrPrdpptatwishortcdedspl areserd30dntwnth dfn ther present
. are positioned on the set of devices 470. The nmanifold
1n¥68t4A0- cobl P ngprateant4FozacinhEV6-a 4t anfl bpéni agsooling

that are aligned to allow the heat transfer nmediumto
SYPIEEW $ 1O hPefe R Rt kd NFAR| T i 41040 hrieigh-echencidet ibegrd 460,

| at es ,430 and out _into the exhaust nmani fold 450. The
f°|(ﬁﬁ° ing a set of electronic devices 470. The combination

manifold 405 includes an intake manifold 410 and an exhaust
manifold 450, which are separated 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 D1,
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of the heat exchange nmediumis generally shown by the

arrows D ,D2, D3, D4 and D5 in FIG 4a and El, E2 and
WE3006/00486%G. 4b. The heat exchange medi um can bRCHI$200$/023174

a variety of substances including a gas or a liquid.

In some enbodi ments the heat exchange mediumis an

inert liquid. The separating structure 407 is shaped

to direct the flow of the heat exchange nedi um from
D2hed3,nmakentans f ot FHLO 400ahBeETOGI NG PRt €480 ang, .

out of the cooling plate 430 into the exhaust nanifold

450. The separating structure 407 forms an intake

passage 420 which directs flow fromthe intake _

maniThel Hedl Gxahaageopedi g c4B2be vitiyC b fadutas- i@l yOPENHUM tances

432 of the cooling plate 430, as shown in FIG 4b. In
inddivgingnaecras be #|bvewid .t hin heate exbbdhgmtedhumdawexchange

shown) can nove fromthe intake manifold 410 into the
mGH{Ek éSpaB skt dsiwiéwn general ly by arrow El, then

t hrough the openings 422 and 432 into a chanber 434,

as shown generally by arrow E2, and then over a heat

tra[}_"‘fer | ate. 436, as shown generally by the arrow
£3. TRPnCEEI R I StEUREFBedd dct isbapedstaedirrat ithe flow of
thFI %eadta,eztﬁe return j:)ath and exit of the flow are not

Showt i n "%, "SHTH t FECBpEAP nd§t3£2t ﬁﬁ@fiig??f (jrlc(e)ntto the
coBIThE IR AN Ean B o od e, 20t o rmgernauat
matnli§098elfg&gSTﬁgzse%%qa%.3L%g sltnruacttulrgai 57 % o%m%ngg d:{n@r}]cte passage
420 which directs flow from the intake manifold 410 to an opening
422, which abuts an opening 432 of the cooling plate 430, as shown
in FIG. 4b. In this manner the flow of the heat exchange medium
{(not shown) can méve from the intake manifold 410 into the intake
passage, as shown generally ﬁy 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. 4a,

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. In at least one embodiment

an O-ring, positioned between the combination manifold and the
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an Oring, positioned between the conbi nati on manifold

and thecooling plate 430, is used. Al so, a
wa@eiockemsSconnect connector can be used bet weePCT/082005/023174

openi ngs 422 and 432. Such a connector can include a

val ve, or valves, to prevent or Iimt any |eakage of

t he heat exchange nedium In certain enbodi nents, the

cooling plate 430 can be renoved from both the

cadningnal aos 4880i £91ubANS ANh | heqdevi C8 A nkRtabd®Wetor can
for access to the device 470 for servicing, repair or

be epieal drtmieen| mhe ooperibgsi 1ENtHnd 1482 .COYH I Pl B®ector can
430 is secured to the board 460 such that it is

incdpalel @ oilwd,sorf vatveonimg pasvanti 6l fldmithengdevéf@ige of the
470 and/or a conpression plate. Sone of these

heaithedichenys rgdiwdescri bed above in reference to FIG 3
. The present invention can also be used to supply a
heat exchange nediumto nore than one card or board by
usi ng an intake mani fold and an exhaust manifold
posifi 6PER SR Tbedingafacerte tapaliagsplaod 430 dsin Wet hemoved

f‘intgke and exhaust tubes connecting the manifolds to
PReREE 01 CAMPLRAT LR &AL dcARS eich thavéeytaldd tand allow
foexhaust nigolgs for supEIying t he heat exchangers
FolRTEH t4er8Eode TS ‘dTaf opat &V ielinge at ek bh aifg@eplacement .
S m_proxides not. only gonsi stent and predictable
Inc%%%'?neg“g}%d ety Sbfttf%é:%’d‘ﬁrﬁgngi?%e o lalgi veseed do bhe board
46@'§9cﬂotﬁggﬂhéﬁi§Ig%pggﬁgso%nafsge%uggtfg%gga'as‘a lid for the
device 470 and/or a compression 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 or 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.. In turn, the cards can each have intake
and exhaust manifolds for supplying the heat exchangers mounted
thereto. This dual parallél 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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Wil e the present invention can be used in a variety

of ATEapplications, the invention is also capabl e of
wheingo4ssed i n manyot her non- ATE appl i cati ons BGT/Wg1005/023174

In at | east sone enbodi nents, the invention can be

enpl oyed in applications such as servers, where, for

exanple, 1U size boards, i.e. 1.75" tall, have

typically at |east 2x processors and preferably 4x.
=pe daueRl) Opns GRG0 LU & glsh! B OGP in many

esired nodufarity and f1exi biTTtyan serving o

ot Wdughy pé&?l%%%%ﬁ%ngf aSUs 1appkhcat i;Qngy oyl %ﬂé)rodiments ,

described thi's invention I n connection wth a nu

i ot RNt &n i ddeRtjaen W 1o Nowcebhal Bh¥n as servers,
suggest itself to those skilled in the art. A s such,

wHdi® | fyendthiplies MOlsile Bogrhs Mited §o7éinedischosedypically
enbodi nents except as required by the appended cl ai ns

at \MHAEt] Sx GAIIERokS: add . prAheabl9XehanugcapRAsih’ s cooling
conprising: a ) at |east one heat exchanger; b ) an

aricdntak éd ndind tfrabod t i on fd Ilictrscasmire & abidaDai t 1 s@dchidieiadility in
exchanger of the at | east one heat exchanger, wherein

setdve nignttakevidun f glrdbcessoapabf eswth ppplidangoms heat
exchange nmedi um separately to each heat exchanger; and
c ) at |least one nultichip nodul e, wherein each

mul tichip nodul e of the at |east one nultichip nodule
i s Having described this invention in connection with a number of

embodiments, modification will now certainly suggest itself to
those skilled in the art. As such, the invention is not to be
limited to the disclosed embodiments except as reqﬁired by the

appended claims.
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positioned at | east adjacent to at |east one heat
exchanger, such that heat can transfer between each
woredobioefssp nodul e and at | east one | eat exchanper/USD05/023174
The heat exchange apparatus of Claim1l1 , further
conprising an exhaust manifold in fluid comuni cation
W th each heat exchanger of the at | east one heat
exchanger, wherein the exhaust manifold is capabl e of
r ec@invi N ttherheat 1&xchange medi um from each heat
exchanger . 3 . The heat exchange apparatus of Caiml
, Wherein the intake manifold is capable of providing
the heat exchange medi um substantially equally to each
heal. exdhdreger edchailpre draatragehanger apgtd:-at us of
Caim1l , wherein each nultichip nodul e abuts at | east
one heatalexdharger. oge héﬁﬁeeﬁéaﬁnéﬁéhange appar at us of

Caim4 , wherein each nultlch|p nodul e i s nmounted ¢
at | eastblorm@ heapkexpanged 18 Tlyhd ‘F@%ﬂunév?éﬁéﬁ@ wlth cach
apparatus of daim4 , wherein each mul ti chi

henb  GHARESH O RBANE 6410 O e AGRE GHEF AR "ex UHEHGER

7 . The heat exchange. apparatus .of C 4 wh ' ,
infakh TRILIGH ponOaBrELT (15 ROPVeaTari Saest srphaned mediun

electronlcs di ein the in electronlcs die
%oﬁgage %ék nfl

seaﬁﬁ?ge%g ahger;

c) at least one multichip module, wherein each
multichip module of the at least one multichip module is
positioned at least adjacent to at least one heat exchanger, such
that heat can transfer between each multichip module and at least

one heat exchanger.

2. The heat exchange apparatus of Claim 1, further
comprising an exhaust manifold in fluid communication with each
heat exchanger of the at least one heat exchanger, wherein the
exhaust manifold is capable of receiving the heét exchange medium

from each heat exchanger.
3. 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.
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exchanger. 8 . The heat exchange apparatus of Claim1l
, Wherein each heat exchanger is a cold plate. 9 . The
wheab/oeschange apparatus of Claim1l , wherein P¢EUN®A/023174
exchange nmediumis a liquid. 10. The heat exchange
apparatus of Cdaim5 , wherein the heat exchange
mediumis an inert liquid.11l. The heat exchange
apparatus of Claim1l1 , further conprising at |east one
firgt coppectias MehaLl gasdrdtussbreenaert o Wwerkhe each
at | east one first connector, is positioned between
md1R€chhp akeauBNifieltd andlsash diratheaxchbasggfigesuch that
5 each heat exchanger can be di sconnected fromthe
i ntake mani fold. 12. The heat exchange apparatus of
Caim2 , further conprising at |east one first
conBect oThe Werteiaxchaabef apsdracaznedt 0labh 4 hevtatrein each
| east one first connector, is positioned O between the
mulntiakep needdlcd dsamduedell heatt éxelséangee, héalr tdxhanger.
conprising at | east one second connector, wherein each
second connector of the at | east one second connector,
i s positioned between the exhaust manifold and each
heat-exchamderat s¥chappat aprahearfeléntifgbr wwmyepe each
di sconnected fromthe intake manifold 5 and the
mudkhghipP Redi¥e|i¢ compression mounted to at least one heat

exchanger.

7. The heat exchange apparatus of Claim 4, wherein each
multichip module further comprises a pin electronics die, and
wherein the pin electronics die abuts at least one heat

exchanger.

8. - The heat exchange apparatus of Claim 1, wherein each

heat exchanger is a cold plate.

9. The heat exchange apparatus of Claim 1, wherein the

heat exchange medium is a liquid.

10. The heat exchange apparatus of Claim 5, wherein the

heat exchange medium is an inert liquid.
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13. The heat exchange apparatus of C aim 12, wherein
each first connector conprises a quick-rel ease .
weewneetsey , and wherein each second connect or PORP§1088623174
a qui ck-rel ease connector. 0 14. The heat exchange
apparatus of Caim 12, wherein each first connector
conpri ses at |east one valve for controlling the ,
fl ow of the heat exchange nedium and wherein each
secéid cBmmetia)r exuihpnisesppdrdteasbroogaval Ve fitither
controlling the flowf the heat exchange nedium 15.
compeinéay @ clravde cappdiasuscomettairm #Rerdin tdath first
conprising a conbined mani fold structure conprising
COPRECEAT akle Thmidttollgéagshdord efimdragsonnaahdf ol ik pbEitlinned

aut omat ed test equi pnent having a printed circuit
bepyara, the pinfedie fpnafohdl and fiashnbdat esxoiingsed sochhehat
p&i ted circuit board, a coolant source for providing
cag IFﬁ?f? FPRTHRIGE, CanchBl Shicadeshesr fFon the dinfiakg manifold.
liquid coolant, and a Iiquid cooling apparatus in
fluid conmuni cation with the cool ant source and the
ar at us

cool ant .r.eceptor, tFe qu¥id cooling a
conbirsi e e exbfhdr HRFR a1 AL P Lras 2 wiarenAs
. [ | at es_ abuts
coﬁﬁfbffﬁ&céﬂﬂf% gtognéhf% éé“é%nhggtgi,C&ﬂé&é&n@%ach ?grst
a nmultithi p nodul e of e
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.
i
13. The heat exchange apparatus of Claim 12, wherein each

first connector comprises a quick-release connector, and wherein

each second connector comprises a quick-release connector.

14. The heat exchange apparatus of Claim 12, 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
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wapashiseabutti ng col d pl at e;

plurality of multichip nodules, such that heat is
capabl e of transferring between the nultichip nodul e

positioned at | east adjacent to the printed circuit
board, wherein the intake manifold is in fluid
communi cation with each cold plate in a paralle
configuration, such that the intake manifold is
ofapableaef cpERyhe ngdiaal.ant to each cold plate
separately; and ¢ ) an exhaust manifold positioned at
| east adjacent tothe printed circuit board, wherein
t he exhaust manifold is in direct fluid comunication
wi t Hl%eacheohdapl etchdnyen aparabted cofliagar 42| ofiurisheh
that the exhaust manifold is capable of receiving
couut iaingf ropretie € glahiflodte st epetrateelopmptisifipethe intake
liquid cooling apparatus of O aim 16, further
nzwrnlicsiang: the)exusht akaidohfdect or nount ed bet ween
the cool ant source and the intake manifold, wherein
the intake connector is capable of separating a fluid
connection between the intake manifold and the cool ant
sour'de, §BcﬁuFﬂ%ﬁt?4u¥qﬁtqﬁﬁ&lE%%ﬁ?rﬂf%ﬁﬂ@aPaPE§HF§d clrcult
se r abl mthe_co Ian%ﬂsour and ) 420 exhaust

e&t & uﬁﬁ e PhH& ReMedlas mounted to the printed

circuit board, a coolant source for providing a ligquid coolant,

coolant receptor for receiving a liquid coolant, and a liquid

3}

cooling apparatus in fluid communication with the coolant source

and the ccolant receptor, the liquid cooling apparatus

comprising:

a) a plurality of cold plates, wherein each cold plate

of the plurality of cold plates abuts a multichip module of the

plurality of multichip modules, such that heat is capable of

transferring between the multichip module and the abutting cold

plate;

b) an intake manifold positioned at least adjacent to

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; and

¢) an exhaust manifold positioned at least adjacent to
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mani fol d and the cool ant receptor, wherein the exhaust
connector is capable of separating a fluid connection
whedsoetsed he exhaust mani fol d and the cool ant PEDER1005/023174
such that the Iiquid cooling apparatus is separable
fromthe cool ant source . 18. The liquid cooling
apparatus of Claim 17, wherein the intake connector
conprises a quick-rel ease connector, and wherein the

t%%%tte@oe%@&pi P, | 88T UK o @leas ensennent As in
The liquid cooling apparatus of Claim 16, wherein

dif&tﬂ Fake Bfemihdolchtare Wwhenhexdaisdoimmpilbekdiare parallel
nounted to theprinted circuit board. 20. The liquid
c&oilguigtappar aficts tfatCltakemeiBaud unmtdrdrf oddnpsi sapaplae of
conbi ned mani fold structure conprising the intake
rémdlivfielgd cantlat bef mhaash mahidfplate Zkpathéelyqui d
cool i ng apparatus of Claim 17, further conprising a
5 plurality of inlet cold plate connectors, wherein each
inlet cold plate connector of the plurallty of inlet
col d7pl affeecbhmetd cropling peB¥dBHePhELReBNlphefurther
intake manifold and a cold plate of the plurality of
cmrisdingtes, a plurality of outlet cold plate
connectors, wherein each outlet cold plate connector
of the pPuraP|%$¢%#e(ﬁﬂﬂn§Ft86l%P%ﬂ?ﬂQEQ9§Hﬁ§EtB?% cqqlant
05|t|oned betmeen t he .e Egus n%f%!d an

S?HE&%;%&@ @ bPEﬁ¥ﬁ|W3P1 o wherel he 1ngage coé%ector is

10 capable of separating a fluid connection between the intake
manifold and the coolant source, such that the liquid cooling
apparatus is separable from the coolant source; and

b) an exhaust connector mounted between the exhaust
manifold and the coolant receptor, wherein the exhaust connector

15 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
20 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
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cold plates, such that each cold plate can be

di sconnected fromthe intake mani fold and the exhaust
worasvsPodsed 22. The |iquid cooling apparatus of PQ/EBI905/023174

21, wherein each inlet cold plate connector conprises

a qui ck-rel ease connector, and wherein each outl et

cold plate connector conprises a quickrel ease

connector. 23. The liquid cooling apparatus of Caim

prithradhereini eagha il tichip nmodule further conprises a
pin electronics die, andwherein each pin electronics

die abuts at |east one cold plate. 24. A heat exchange

device conprising: a ) a printed circuit board; b ) a

mul taochi phavdudei daistiedgoapbdeatprd nifedlaimncudt Hosytsr

c ) a cold plate positioned on the multichip nodul e;
c@irtid ihgaaf ashiehesd eanigol dngttiecyrd roegrésingithe intake

board and the cold plate, wherein the fastener urges
nmdrhiefodol dnpl Bhe exgausst mbhéfolditi chi p nodul e and the

mul tichip nodul e against the printed circuit board.

25. The heat exchange device of Caim 24, wherein the

cold plate forns a lid to the nultichip nodul e. 26.

The Heat Terchamgd qopldadorreraa AL WHei.j A7 heurther

comprising a plurality of inlet cold plate connectors, wherein
each inlet cold plate cognector of fhe 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 each 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.

23. The liquid cooling apparatus of Claim 16, wherein each

multichip module further comprises a pin electronics die, and
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mul tichip nodul e further conprises a pin electronics

die abutting the cold plate. 27. The heat exchange
walewsoetsed Cl ai m 24, further conprising a condeCt/US®05/023174

el astoner positioned between the nultichip nodul e and

the printed circuit board.

wherein each pin electronics die abuts at least one cold plate.

24. A heat exchange device comprising:

a) a printed circuit board;

b) a multichip module mounted on the printed circuit

board;

c) a cold plate pqsitioned on the multichip module; and

d) a fastener connecting the printed circuit board and

the cold plate, wherein the fastener urges the cold plate against

the multichip module and the multichip module against the printed

circuit board.

25. The heat exchange device

plate forms a lid to the multichip
26. The heat exchange device
multichip module further comprises

the cold plate.

27. The heat exchange device

of Claim 24, wherein the cold

module.

of Claim 24, wherein the

a pin electronics die abutting:

of Claim 24, further

comprising a conductive elastomer positioned between the

multichip module and the printed circuit board.
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