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Background of the Invention

Heat-generating electronic modules such as multi-
chip modules, electronic hybrid assemblies such as power
15 amplifiers and passive components such as filters are
susceptible to electromagnetic interference (EMI) during
operation. In addition, electronic medules operating in
high-frequency environments such as radio frequency
communication systems may themselves be sources of
20 undesirable electromagnetic radiation.

EMI generated and received by electronic modules
must often be attenuated to keep the modules functioning
properly and to bring the modules into compliance with
applicable governmental regulations. Electromagnetic

25 radiation may be diverted to ground using protective
enclosures such as shields. Shielded electronic
modules, like other electronic modules, generally
require cooling during operation.

Typically, shielded electronic modules are cooled

30 by natural or forced air convection which, because of
relatively poor thermal capacitance and heat transfer
coefficients, requires moving large volumes of air
through spaces between the module and its shield or past
a heavy heat sink attached to the module.



t hrough spaces between the nodule and its shield or past a heavy heat sink
attached to the nodul e. WO 97/ 31514
'PCT/ US96/ 19984 -2- Consequently, air-cool ed nodul es are generally quite

| arge. Further, the air cooling process itself may introduce undesired

acousti c noi swordifagnt am nants such as dust into the nodul ePCﬁ/ID%igclg
further, passing 5 air through nodul e shields nay require opéni ™ tnhe

shi el ds through which not only air but alig undesi rabl e el ectromagnetic
radi ati on may pass. Evaporative spray coolTng features the spraying of

atom zed liquid dropletg directly_onto surface of a 10 heat - produci ng
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therefore a neednfgiqgd COFMAH wal frecti.ye, apparat us for,

spray-cool i ng an_el ectroni ¢ -nodul ghgtg?tef%% %r%n%)g?e%{%o SCFBPHEdI at i on.
Sunmary of the PAGERTPHIPRAFic radiatdon, m@yngags-an aspect of the present

i nventi on, Evaporative spray cooling features the spraying of
atomized liquid droplets directly onto a surface of a

10 heat-producing device such as an electronic module.
When the liquid droplets impinge upon the module’s
surface, a thin liquid film coats the module, and heat
is removed primarily by evaporation of the liquid from
the module’s surface.

15 Although evaporative spray cooling is a preferred
method of heat removal in many electronics applications,
known spray cooling systems are not specifically
designed to cool EMI-shielded electronic modules.

There is therefore a2 need for a compact and

20 effective apparatus for spray-cooling an electronic

module shielded from electromagnetic radiation.

Summary of the Invention

25 According to an aspect of the present invention,
the foregoing need is met by an apparatus for shielding
an electronic module from electromagnetic radiation
which includes a cover having a first surface and a
second surface opposed to the first surface. The second

30 surface has an edge defining a perimeter and has a
recessed region. A wall is in communication with the
recessed region, the wall and at least a portion of the
edge define a compartment. An electromagnetic
interference-attenuating material is disposed in the

35 compartment, and a fluid distributing manifold is



the foregoing need is net by an apparatus for shielding an electronic

nodul e from el ectromagnetic radi ati on which includes a cover
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invention, an apparatus for spray-ccoling a shielded
electronic module includes a housing having a wall
disposed in the housing. The wall defines a first
compartment and a second compartment. An
electromagnetic interference (EMI)-attenuating material
is in communication with the wall. A nozzle is disposed
in the first compartment, to receive and atomize a fluid
and to discharge the atomized fluid into the first
compartment.

According to a further aspect of the present
invention, a method for spray-cooling a shielded
electronic module includes providing a cover having a
first surface and a second surface opposed to the first
surface, the second surface having an edge defining a
perimeter and having a recessed region, the recessed
region having a wall disposed therein, the wall and at
least a portion of the edge defining a compartment;

applying an EMI-attenuating material to at least a
portion of the compartment; supplying a fluid to a fluid
distributing manifold formed in the cover; receiving the
fluid by a nozzle disposed in the fluid distributing
manifold, the nozzle having a spray end in communication
with the compartment and an aperture disposed at a tip
of the spray end; atomizing the fluid by the spray end
of the nozzle; and discharging the atomized fluid into
the compartment via the aperture.



and to discharge the atom zed fluid into the first conpartnment. According
to a' further aspect of the present invention, a nethod for spray-cooling a
'shiel ded 20 el ectronic nodul e includes providing a cover having a first
surface and a second surface opposed to the first surface, the second
surface havi%%lﬁq% defining a perineter and having a regesaRes B8 ON.
the recessed region having a wall disposed therein, the wall and at 25

| east a portion of the edge defining a conmpartnent; applying an
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ot her and di f f efeipleceghodhdEsdingaRy thé drawings and description are
to be regarded as illustrative in nature, and not as
10 restrictive.

Brief Description of the Drawings

FIG. 1 is a perspective view of a top side of an

15 apparatus for shielding an electronic module from
electromagnetic radiation according te a first
embodiment of the present invention.

FIG. 2 is a partial perspective view of a bottom
side of the apparatus shown in FIG. 1.

20 FIG. 3 is a side view of a nozzle housing for
spray-cooling a shielded electronic module as shown in
FIGs. 1 and 2.

FIG. 4 is an expanded perspective view illustrating
a closed loop fluid flow for the apparatus shown in

25 FIGs. 1 and 2.

FIG. 5 is a perspective view of an apparatus for
shielding an electronic module from electromagnetic
radiation according to a second embodiment of the
present invention.

30
Detailed Description of the Preferred Embodiments

Turning now to the drawings, wherein like numerals
designate like components, FIGs. 1 and 2 are perspective
35 views of a top and a bottom, respectively, of an



details are capable of nodifications in various respects. Accordingly, the
drawi ngs and description are to be regarded as illustrative in nature, and
-not as 10 restrictive. Brief Description of the Drawings FIG 1 is a
perspective view of a top side of an 15 apparatus for shielding an

el ectronic nodule fromel ectromagnetic radiation according tQ a first
enbodi nent of WO sdsent invention. FIG 2 is- a partial per?ﬁ"é'@{smw ew
of a bottom side of the apparatus shown in FIG 1. 20 FIG 3is a
side view of a nozzle housing for spray-codting a shielded el ectronic

nodul e as shown in FIGs. 1 and 2. FIG 4 is an expanded perspective view
illustrating a ch@@&mhﬁuxnfdklshﬂelﬁiwgfan'eﬂhetappémemQﬂ¥l§héanin 25 FIGs.
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PCT/ US96/ 19984 metal, has a top surface 12 and a bottom surface 14
opposed to top surface 12. As can be seen in FIG. 2,
bottom surface 14 has an edge 16 defining a perimeter of
bottom surface 14. Bottom surface 14 also has a region

10 1B which is recessed relative to edge 16.

One or more walls 20 are disposed in, and
substantially perpendicular to, recessed region 18 of
bottom surface 14. A number of walls 20 are shown. One
or more walls 20 and at least a portion of edge 16

15 define one or more compartments 22. A number of
compartments are depicted in FIG. 2. It is contemplated
that compartments 22 may be of any geometrical shape.
For example, a linear wall extending from one side of
recessed region 18 to another side of recessed region 18

20 and the portions of edges 16 to either side of the
linear wall may form two rectangular compartments.

An electromagnetic interference (EMI)-attenuating
material 24 such as metal, suitable metals being well-
known and widely available, is formed in at least one

25 compartment 22. Carbon, iron and the like may also be
used as EMI-attenuating materials. EMI-attenuating
material 24 shields compartment 22 to a certain degree
from electromagnetic radiation. Compartments 22 treated
with EMI-attenuating material 24 surround electronic

30 modules (not shown), so that the electronic modules or
parts thereof are isolated (to the extent practicable)

from generating or receiving EMI.
After conventionally molding cover 10,
metallization of compartments 22 may proceed according
35 to any number of well-known methods, such as compliant



-5- apparatus for shielding an el ectronic nodule from el ectromagnetic
radi.ati on according to a first enbodi nent of the present invention. As
shown in FIG 1, a cover 10, which is preferably nolded plastic such 5 as a
pol ycar bonat e but nay be another material such as netal, has a top surface
12 and a bott ig%ﬁgce 14 opposed to top surface 12. As can_be seen in
FIG 2, bottomsurface 14 has an edge 16 defining a perinete? 596398 m
surface 14. Bottom surface 14 also has a region 10 18 which is recessed
relative to edge 16. One or nore walls 20fare di sposed in, and
substantially perpendi cul ar to, recessed region 18 of bottom surface 14. A
nunber of wal | scopduFeivh@arertad overmrlding | yaporadrpesitiemst a portion

of edge 16 15 gfethlepDREiny oF0RSp LOFRASHTRE Sorduct Ard WHGH: Of

conpartmnents arglgegrllgt e‘gfn Fl G 21 | t |snconten§Ioat ed tl[jat conpartmnents
22 may be of anylgEoRRTITRRI SREBEE. AR BT EOROPTR AT EREFT U RSkt endi ng
from one side ofomprisingl fogi exnample,o ameshior asid den AMI-etgesedtiagi on 18

20 and the porhheasidi RAGCEslfiet N £iddt¥onSbdaRbridie difre@inal | may form
two rectangul ar_cp aéinents. An el ectromagnetic interference

(EIVI)-attenuatiWﬁt t®tial 24 such as netal, suitable netals being well-
known and wi del y avaftmprrrmentsf 3R nave i prefiedaddyt gonendé&d @onpart nent 22.

Carbon, iron angdchbge]ikei@yrdbsn padisRdras £ snddgiiald RgapeLerial s.
EM -attenuating_materi gl 24 shields, c artnent 22 to certain degree from
eIectronagnetict?a%?¥ﬁé¥m¥nd58ﬁﬁﬁ?téﬁﬁéﬁ?&?ﬂgpﬁgé?efF '1ﬁ1°ENF9a9F8Hﬂgting
mat eri al 241G ur Founekxanmet,r encenductive gasket may be used to provide
an electrical connection between compartments 22 and
electronic modules.
Referring again to FIG. 1, a number of fluid
distributing manifolds 26 are disposed in top surface 12
1S of cover 10. As shown, each fluid distributing manifold
26 includes a recessed surface 2B which opposes a
specific compartment 22. Fluid distributing manifolds
26 of different geometrical cross-sections may be formed
in various ways in cover 10. For example, Ffluid
20 distributing manifolds 26 may have circular, conical or
rectangular cross-sections. Manifolds 26 may be grooves
formed in top surface 12 of cover 10, or may be
separately-formed conduits disposed inside of cover 10.
A fluid collecting conduit 28 which is formed from
25 a number of interconnected fiuid paths may also be
disposed in cover 10. Fluid collecting conduit 28
connects top surface 12 and bottom surface 14 of cover
10, and is preferably located adjacent to at least a
portion of a perimeter of each compartment 22.
30 At least one nozzle housing 30 is disposed in each
fluid distributing manifold 26. As shown in detail in
¥FIG. 3, nozzle housing 30 has a receptacle end 32 which
is disposed on a fluid distributing manifold {(shown in
FIG. 1). A spray end 34 of nozzle housing 30 is in
35 communication with a compartment 22 {(shown in FIG. 2},



30 nodules (not shown), so that the electronic nmodules or parts thereof
are tsolated (to the extent practicable) fromgenerating or receiving EM.
‘After conventionally nolding cover 10, netallization of conpartnments 22 may
proceed according 35 to any nunber of well-known nethods, such as

conpl i ant Vonderaiaka . . PCT/US96/19984
PCT/ US96/ 19984 -6- conductive material overnol di ng, vapor-deposition,

nmetal -pl ating or application of conductive paints. Alternatively, cover 10

may be a conposite structure, conprising, fdr exanple, a resin and an
EM -attenuating 5 -material such as netal, carbon or another suitable

material . Conpart m&% 4953048 3} PEFEBFS 3F oFRIdd 0 OTEER P i Selimetii cal |y
connected to el ectdiametenodul es to divert undesired el ectromagnetic

radi ation to ground. 1%acﬁoao£e<moﬁsiaﬁcsedygt;izee&%%gggcgwe baecl&% &0

v,
provi de an el ectrical connectiqn between conpartnents and electronic

nodul es. Ref erri nd™2FasRoV® £ 3t 1S FOREAMRIALEA thatkda peagzliehdsi ng
mani fol ds 26 ase diespreddtsra trezzserheasidd 30 byyf feevexardle Aprdr@an, each

h Specific compar CAEREPds Sy P ol e AT e BiAR AR VEY o BpRar et
geonetrical crossm¥chpoirtemrrlly formed im epshi fivideddstinibutieg 10. For

exanple, fluid manifold.
Nozzles are preferably miniature atomizers such as
10 simplex pressure-swirl atomizers, which are
approximately 0.3 mm high and which may be made of any
suitable material. An example of a suitable material is
a metallic material such as brass. Simplex pressure-
swirl atomizers are described in detail in U.S. Patent
15 No. 5,220,804 to Tilton et al., incorporated herein by
reference, and are commercially available from
Isothermal Systems Research, Inc., located in Colton,
Washington., '
During normal operation of the first embodiment of
20 the apparatus described herein, referring collectively
‘to FIGs. 1, 2 and 3, each fluid distributing manifold 26
receives a coolant (not shown) from fluid inlet port 60
and supplies the coolant to receptacle end 32 of one or
more nozzle housings 30 which are fitted with nozzles
25 {not shown). The nozzles atomize the coolant and
discharge the atomized fluid 40 through aperture 36 into
one or more compartments 22 opposing fluid distributing
manifolds 26. Fluid 40 may be discharged from aperture
36 at a substantially perpendicular angle to recessed
30 region 18, collected via the action of negative pressure
- by fluid collecting port 28 {discussed further in
connection with FIG. 4) and removed via fluid outlet
port 62.
The coolant is preferably FluorinertT™, avajilable
35 from 3M, order number FC-72, but may be another suitable



20 distributing manifolds 26 may have circular, conical or rectangul ar
cross-sections. Manifolds 26 may be grooves forned in top surface 12 of
cover-10, or may be separately-forned conduits di sposed inside of cover 10.
A fluid collecting conduit 28 which is formed from25 a nunber of

i nt erconnect ggh §444kd pPaths may al so be disposed in cover 10  Fluid
col | ecting conduf# 28 connects top surface 12 -and botton1su??§ﬂ%pﬂ9FWﬁ

cover 10, and is preferably |located adjacent to at | east a portion of a
perimeter of each conpartnent 22. 30 8- At |east one nozzle housi ng 30
is disposed in each fluid distributing manifold 26. As shown in detail in
FIG 3, nozzl e HRJ&chgigocoriank r sueht htdalds degdnowweth-ksouwh spased on a

fluid distributwirgliyaaviolsbieshowari éxﬁﬁtﬁe,l)a pgr:mﬁayggm 4 19ful ZIZ|Ge ,
and i ncl udes aRusisontr 8addéen®n the order of 0.15 mmin dianeter. Each

nozzl e houskng 30 i gmakzeshddt ARqel ¥8ad1 897 1% 1aat f§ﬁﬁ?"ﬂh gy IS
to a nozzle housing~30 by, for
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be integrally for eadhimodsle sf herdsdi sAx idgdtrgnimmddie INeazkasiare
preferably m nipatdfBa st A D25 hathgas power density of up to three-

hundred Watts per square centimeter is effectively

10 cooled. The removal of heat directly from individual
electronic modules helps to reduce operating
temperatures of the modules and their associated
components, increasing reliability through elimination
of thermal variation and associated thermal stresses.

15 Holes which may pass undesirable electromagnetic
radiation in air-cooled systems are eliminated. Fluid
inlet and outlet ports 60, 62, unlike air holes, are
remotely locatable from electronic modules, and have
very small diameters relative to their lengths. Thus,

20 high frequency electromagnetic waves which would
contribute to EMI are significantly reduced.

Large spacing constraints between an EMI shield and
an electronic module present in an air-cooled system are
virtually non-existent in the spray-cooled apparatus

25 described herein. Cover 10 may be placed as close to a
surface of an electronic module as the heights of
components attached to the module will allow, resulting
in compact module packaging. And unlike air cooling,
which is most effective when heat is spread over a large

30 area, for example, a large'heat sink, spray cooling
encourages heat concentration, another factor
contributing to reduced package volume and weight

Referring to FIG. 4, which illustrates a closed
loop fluid flow for the apparatus shown in FIGs. 1 and

35 2, a plate 44 may be attached and sealed to top surface



10 sinplex pressure-swirl atom zers, which are approximately 0.3 nm high
and-whi ch may be nade of any suitable material. An exanple of a suitable
material is a nmetallic material such as brass. Sinplex pressure- swrl
atom zers are described in detail in US. Patent 15 No. 5,220,804 to
Tilton et al, waoyospasated herein by reference, and are commepet/asdeyiooss
avail able fromlsothermal Systens Research, Inc., located in Colton

Washi ngton. During normal operation of the dirst enbodi nent of 20 the
apparatus described herein, referring collectively to FIG. 1, 2 and 3,

each fluid distriluti mani { ol d recei,ves. a cool ant, (npt ,shown) from
fluid inlet port % °§2g’°§’55p$’693 ‘%&&?&%Hﬁﬁ?yt o F e‘ﬁ%‘btba%l%séﬁ&%g% 5P one or
nore nozzl e housiwiysize ghschssist findectiion thokding &9 mEnufgatrehown) .
The nozzles atomigeddq4canhabbven A oliaxChar 48tbbea pt ez ekdrinding 40 through

aperture 36 into one or nore conpartnments 22 opposing fluid djstributing
mani f.ol ds 26. Fl FHFeFGarayobds é@eﬁgﬁrﬁ’ée fﬁ?ﬁ%@ﬁ%&%@s% g‘% i also
subst anti al | y Sperqardimpdetied arigte insteadeeSepl8 44agiaoflasdd swppleted via

the action of NeGai:ee16r FaskGs 4N thUbnfobl €8] IGPPEE 28) (il spussed

further in connection.with FIG 4) and renove ul
The cool ant is pr%ftécgﬁpyaﬁilﬁ?qlr%’r PR BEEIPElf% of5 toPr FYRFARE 12 der
nunber FC- 72, but nay Apethaotplates €, abhéch mayD 187/ kb4 other things,
PCT/ US96/ 19984 a printed circuit board, has one or more electronic
10 modules 45 attached thereto. Plate 46 is fastened to at
least a portion of edge 16 (shown in FIG. 2) by any
suitable means. Electronic modules 45 (or parts
thereof) on plate 46 are positioned so that a
compartment 22 (shown in FIG. 2), which has been treated
15 with, or is in part comprised of, an EMI-attenuating
material, surrounds one or more modules 485.
As shown, a connector 47 provides electrical
connections for electronic modules 45. Shielded modules
45 on plate 46 may be placed in a rack-type housing such
20 as a Versa Module Europe (VME) cage or an Electronic
Industries Association (EIA) sub-~rack {or another type
of housing) and may be connected to other modules.
During normal operation, a fluid pump 50, which is
connected via tube 52 to a fluid inlet port 60 disposed
25 on cover 10, supplies a coolant fluid to fluid
distributing manifolds 26. It will be appreciated,
however, that where a fluid supply manifold {(discussed
in connection with FIG. 5) is used in lieu of plate 44,
fluid inlet port 60 could be disposed on the fluid
30 supply manifold and then connected via tube 52 to fluid
- pump 50.
After fluid is atomized and discharged into
compartments 22 as described above, fluid collecting
conduit 28, which forms a continuous channel in cover



-8- dielectric coolant, such Iiquids being well-known and wi dely avail abl e.
For exanple, a perfluorocarbon liquid chemcally simlar to Fluorinert[err]
is available from Ausi nront Gal den[err]. 5 Thus, el ectronic nodul es
shielded fromEM by conpartnments 22 are individually spray-cool ed

accordi ng to ywaehsxpslul €' s needs. An el ectronic nodule | ocatg ag’(f%%]"@
conpartment 22 having a power density of up to'three- hundre 9!'ﬁér
square centineter is effectively 10 cooled. The removal of heat directly
from i ndi vi dual el ectronic nodul es hel ps~3% reduce operating tenperatures
of the nodul es and their associ ated conponents, increasing reliability

t hrough el i mi natPenrefeives Aluidafirami ormpartrardeei2®t pdinhépahly My esses.

15 Hol esw@s&:ﬂay dlasﬁgaasieélﬁﬁéasm@ askrepagRet i ¢ radiati on I n
air-cool ed systens age

uid inlet and o t 0,
unlike air holes, ar€ ? Gt’% e %%éafgﬁch ?%n?%lp'ﬂpr:#? g’ n%b‘& ég and have
very small di anBngr o ra| Bluike OEJ@therrtF fRy s tubleuS6, 20echiys fTlaguency

el SCt r grrasLJnes | C£yen es1dd C&btlmlcﬂnggeéﬁdﬂﬂ 28.0 E:deahseﬁl ﬂ.ﬂdl Eéfé&lﬁé %’
reduce arge Ci r s betwee and an el ectronic
nodul e present ﬁg P%?’? %3‘80@ ‘t's’ysf% e gF’Ft E/Ja’ﬁ“? %&?"l?)?rrgf'ﬁﬁf in the
spray-cool ed appadarecugsingldtctebpdinmridivna 1dgquad QEBSEn/lﬂanpKaced as

close to a surfggg cfahaqh@cbéoaséd W@x‘éeﬁa the bsdahiss ogent s
attached to the

allo i,ng in a e ac agin
And unlike air E%‘g?‘hﬁer ch® ngv?r%sf‘b‘f‘# g,s\ygpg‘,hgg ffé’é‘l ‘?°§’d§5‘|g§£d gve? a

| ar ge 10 53 to fluid inlet port 60. Thus, a closed-loop flow of
coolant is formed. It will be appreciated that at any
given point the coolant may be a wvapor, a liquid or a
vapor and liquid mixture.

It is contemplated that any conventional means for

15 providing flow of a coolant may be used in conjunction
with the described embodiments of the present invention,
and that more than one cover 10 may be connected to a
single source of coolant or that one or more sources of
coolant may be connected to a single cover 10.

20 Alternatively, one or more closed loop fluid flow
systems may be housed in cover 10, in a specialized
compartment, for example.

The size of fluid pump 50, condenser 53 and fan 58
should be selected based on heat removal and flow rate

25 requirements. For example, a typical élosed loop fluid
flow is 500 to 1000 milliliters per minute for 500 to
1000 Watts of heat dissipation. Pump and condenser
assemblies in various sizes are available from
Isothermal Systems Research, Inc., and acceptable tubing

30 and fittings may be obtained from Cole-Parmer in Vernon
Hills, Illinois.

It is further contemplated that wherever sealing
and/or fastening may be required, numerous methods and
materials may be used. For example, fasteners,



30 area, for exanple, a large heat sink, spray cooling encourages heat
concentration, another factor contributing to reduced package vol une and

wei ght Referring to FIG 4, which illustrates a closed loop fluid flow for
t he apparatus shown in FIGs. 1 and 35 2, a plate 44 may be attached and
seal ed to topwosiass WO 97/ 31514 PCT/US96/19984

PCT/ US96/ 19984 -9- 12 of cover 10. Alternatively, it may be desirable to
utilize gas-assist injection nolding to pufacture plate 44 and cover 10
as an integral part, formng internal voids during the nolding process. It

is also 5 contenpl ated that jinstead.of plate 44.. a fluid,supply manifold
(di scussed in cow?pﬁ%)éff‘f)‘% a}?lhen‘r-ﬁ'e%% aﬁgvléeweaﬁ%%deggggégg'eal ed to a
perimeter of topsderdog 9P, sweainigemay| beeudblizgd-ch nay be, anong ot her
things, a printed ci i 1b9éd hodpAT1068 GLoWDEEs e desepibed Oher@idill es 45

.attached theretq. Plate 46_is ste east ortion of. edge 16
(shown in FIG %)aso?aél%yagﬁﬂtaﬁ%’negﬁg. é%?@:]tér’oﬁ'ﬁ:c d%%gu{;étlé W"(lorre parts

t hereof) on Pl atewgngr angosanaaisad aspul hbude FhfdulAeRePRLY (&bwn in FIG
2), which has befisdna@abedidds n¥rt Qoedl it SidvbIAA posdBRehsRS Afd @k

EM - attenuati ng

mat.er.i al,. _surroqunds_one or nor.e | es, 45, shown, a
connect or 47 pré?ﬁs&%s‘o@f"ggtﬁrcaé'l n@éﬁ%@ﬁt?%n%oqlbr%ﬁ?%n WHASHN es 45.
Shi el ded nodul eCcrBegneptiy e despity bhepinerehsen ip hgak-dgprithvo@si ng such
circuits are further integrated and physical space on
10 and between electroriic modules in shielded assemblies is
reduced, the spray cooling assembly described herein
will not increase in size, weight or complexity.

The simplicity of the system also enhances its

sexviceability. For example, repairing the spray

15 cooling system does not involve disconnecting and re-
positioning numerous fluid lines, so that leakage
potential of the system is decreased. Likewise, the
system design provides for unobstructed access to
individual electronic modules when the shielding cover

20 is removed, facilitating removal and replacement of the
modules,

FIG. 5 illustrates an apparatus for spray-cooling a
shielded electronic module accerding to a second
embodiment of the present invention. Cover 100 is

25 identical to cover 10 described in connection with the
first embodiment, except that a top surface 112 of cover
100 does not include a fluid collecting conduit (shown
in FI1Gs. 1 and 2).
A plate 146 is fastened to at least a portion of
30 cover 100. Plate 146, which may be, among other
- things, a printed circuit board, has a number of
orifices 147 therein, and has one or more electronic
- modules 45 attached thereto. Electronic modules 45 may
be affixed to both sides of plate 146.



20 as a Versa Modul e Europe (VME) cage or an Electronic Industries
Associ ation (EIA) sub-rack (or another type of housing) and may be
connected to ot her nodul es. During nornmal operation, a fluid punp 50, which
is connected via tube 52 to a fluid inlet port 60 disposed 25 on cover 10,

supplies a cogggsgdgui d to fluid distributing manifolds 26. P@&%’?ﬁe

appreci ated, however, that where a fluid suppl'y manifold (dis
connection with FIG 5) is used in lieu of_plate 44, fluid inlet port 60
coul d be disposed on the fluid 30 supply #anifol d and then connected via

tube 52 to fluid pung 50. After fluid is atom zed and discharged into
compartments 22 as dEiEFFERRLGMSARLes #PJoRoPlak idfP edd@h €228, which
forms a continueoseehhibheadre pocdedned MO thidt3tbhbartments (discussed

PCT/ US96/ 19984 310z, Adfact &L ER §¥€1cbfr“ﬂpékogggétg§§;§§§%tghiggkgalIy by
the action of negative pressure difference. condenser , connected to
punp 50 by tube3B4EMFREeRRatigggraterial psrrogpdhpachgrodeie d8cei ves fluid

5 from fl ui ds cowheehi ngnaaeduishi@Bdifgndenser 53 rejects heat fromthe
it phase. Fan aghnibSid SEERG) BHELe A€ Wi bt S BNIRE capaci 1y
of condenser 531“250?%&?““lﬁsdaF§a§%ﬁ9I4Q§iSQQ%ﬁﬁc§ﬁdéﬁBe$Uq£BQ§3h&? folfui d
inlet port 60. Zbuer BOE) oFaArikOeRpbl9Vmahifold 144 receives a
' coolant from tube 52 and supplies the coolant to a
10 plurality of fluid distributing manifolds 26.
Alternatively, a plate (such as plate 44 described in
connection with FIG. 4) may be attached and sealed to
top surface 112 of cover 100, in which case the coolant
would be supplied to the fluid distributing manifolds 26
15 wvia a fluid inlet port (such as fluid inlet port 60
discussed in connection with FIG. 4} attached directly
to cover 100.
A fluid discharge manifold 148 may be attached and
sealed to a bottom surface of cover 100. Fluid
20 discharge manifold 148 collects the coolant from cover
100 via orifices 147 in plate 146 and removes the
coolant via tube 56.
Where electronic modules 45 are located on a side
of plate 146 facing away from cover 100 (not shown),
25 fluid discharge manifold 148 may be, for example,
another cover similar to cover 100. Such a cover would
provide, along with fluid removal, EMI-shielding and/or
spray—-cooling to the heat-producing electronic
components on the side of plate 146 facing away from
30 cover 100. It is contemplated that removal of fluid in
this case is aided by gravity.
It is contemplated that the same or similar means
for providing a closed loop flow of coolant may be used
in conjunction with the second embodiment of the present



coolant is formed. It will be appreciated that at any given point the
coolant may be a vapor, a liquid or a vapor and liquid mxture. It is
contenpl ated that any conventional nmeans for 15 providing flow of a cool ant
may be used in conjunction with the described enbodi ments of the present

i nvention, angydé&mdisiore than one cover 10 may be connected tperasséngse
source of coolant or that one or nore sources of coolant may be connected
to a single cover 10. 20 AIternatlver, Qng_or nore closed loop fluid flow

systens may be housed in cover in a speC|aI|zed conpartment, for
exanmpl e. The size of fluid pu 0 condenser nd fan hoy| d be

sel ect ed based okfRRftd q”eﬁﬁvﬁgga&ﬁfq“i & e %%n?% r‘ré’r‘rﬁﬁt EgeF T xanpl e,
a typical cl osedemssfirdnti.d flow is 500 to 1000 mlliliters per mnute for

500°to 1000 Watts of ﬂf‘@t nﬂ»lo anﬁt’i'&f‘ theuggragdcs&pﬁgﬁ%%a%ﬁsgbl ies in

vari ous sizes are aval able | sot her ear Inc., and
accept abl e tublnﬁeEEF§ﬂﬂ11P|F¥gng§ Sharese BSt%. Equm° ?%ﬁ*ﬁﬁlWQ1
Vernon Hills,5 | |hdﬁﬁt&\gdst realized hgr thenspnpy atcmj!.mlgaapmhea‘ewsrsrwai i ng

and/ or fasteni ngggrel%/ (pste qulggg,%urgg‘?gussggéw%&qgegaggéi@é,;er_rray be

used. For exanpl érs
PCT/ US96/ 19984 - and fé'éﬂnﬂlie&ﬁ%'m@ia% wadules) £F SR idsdsdrigenblakihg,

governed by maximum component height, not by the
requirements of the cooling system. In addition, cover

10 100 is compact and portable. Thus, assembly is
efficient, serviceability and replacement are
simplified, and precise heat source-to-nozzle
registration may be obtained.

It will be understood that while the embodiments

15 described show electronic modules being cooled during
normal operation, the present invention is not limited
only to cooling during ordinary operation of the
electronic modules, but may be adapted to, for example,
testing and evaluation of the electronic modules or the

20 electronic circuit devices included in the modules.

It will also be apparent that other and further
forms of the invention may be devised without departing
from the spirit and scope of the appended claims and
their equivalents, and it will be understood that this

25 invention is not to be limited in any manner to the
specific embodiments described above, but will only be
governed by the following claims and their eguivalents.



sol deri gﬂlmuﬂnﬁmgml be utilized. The closed loop fluid flow system
descri beqat m advant ages. For exanple, it does not require 5
‘routing and farfagng®a nultitude of fluid supply and discharge |ines nor
does it involve positioning and re- positioning spray nozzles to cool

di fferent nodwdemisfionsequently, despite the increase in heaicrgashdons as
circuits are further integrated and physical space on 10 and between

el ectronic nodul es in shielded assenblies,js reduced, the spray cooling
assenbly described herein will not increase in size, weight or conplexity.
The sinplicity of the system al so enha eas.nil;s serviceability. For exanple,
repairing the spray 15 cooling system 968 not invol ve di sconnecti ng and
re- positioning nunerous fluid |lines, so that | eakage potential of the
systemis decregsegraimkew se, the system design provides for unobstructed

access to individual el ecjironic dul es en.the shielding cover 20 is
removed, facilitating re aﬁppzfﬁgg}lﬁpf%%ﬁldg‘f‘gt AB ﬁ'g‘c’ﬂrg’é’sn.mlzl G 5
i |l ustrates Ban apgatatfronf elesprayagrediiiongadishiehddathes|applaranuus nodul e

according to a g godi ment of the present invention. Cover 100 is 25

identical to cover 10 described in connection with the first enbadi nent,
except that a top su?‘f%‘?:veerlffvéf’gc%v%rrs%oﬁuagégenﬁ?éi‘hcﬁﬁﬁ’é’dasf‘f:giaﬂe
col | ecti ng condoppogehdwn tihe Eitst shirfiade?) thd péedrel Isif flasef hsvitmed to at

least a portiongffedfe JeM@ini0f- peddndicerldfia MOV LAy PY2Rss8G0NY OF her
things, a printed cirtcuit board, zt>1as a nunber of
10 region;
a wall in communication with the recessed region,
the wall and at least a portion of the edge defining a
compartment;
an electromagnetic interference-attenuating
15 material disposed in the compartment;
a fluid distributing manifold disposed in the
cover; and
a nozzle housing in the fluid distributing
manifold, the nozzle housing sized to receive a nozzle,
20 and having a receptacle end and a spray end, the spray
end having an aperture, the receptacle end in
communication with the fluid distributing manifold and
the spray end in communication with the compartment.

25 2. The apparatus according to claim 1, further
comprising:

a first plate having the electronic module attached
thereto, at least a portion of the electronic module
disposed within the compartment.

30

3. The apparatus according to claim 2, wherein
the electronic module is selected from the group
consisting of: a passive component, a multi-chip module,
and an electronic hybrid assembly.

35



orifices tﬂnwnﬂﬂ]mnuﬁtmﬁ has one or nore el ectronic nodul es 45 attached

t hereto. . v "®s 45 may be affixed to both sides of plate 146.
WD 97/ 31514 PCT/ US96/ 19984 - 12-

El ectroni ¢ nodul es 45 on plate 146 which face cover 100 are positioned so

t hat conpart menyg ofglisssussed in connection with FIG 2) which %%ﬁgﬁ
I'C

treated with an EM -attenuating naterial surround each nodul e
requires shielding. A fluid supply nanifoLg 144 defining a reservoir {not
shown) is attached and sealed to top surfa 27112 of cover 100. Fluid supply

mani fol d 144 receives a co%ant fromtube 52 and sup%iﬁ; the coolant to a
10 plurality of fluid di stPFbIREHSENPFSPEEIRE. £r vERGTeLn | at e

(such_ as plate 44hefdrebeplate compaisesna wrintRdGeidruhtybdmerdt t ached and
sealed to top surface 112 of cover 100, in which case the coolant woul d be

supplied to the fluid_distpjbuting nanifolds 26 15 via a_fluid inlet port
(such as fluid inlet port %%eo?%%ﬁ:é’& RRCREATRE (5 FLRtMh 2F) ¥hersimt t ached
directly to cBverthe0@irst fpiate diaschapleraminy efdotdBicey be attached and
seal ed to a bott gReSHEH f cover 100. Fluid 20 discharge nmanifold 148
collects the coolant fromTcover 100 via orifices 147 in plate 146 and

renoves the cool ant via tube 56.
6. The apparatus according to claim 5, further

comprising:

10 a fluid discharge manifold in communication with at
least a portion of the edge, the fluid discharge
manifold collecting a fluid from the plurality of
orifices.

15 7. The apparatus according to claim 1, further
comprising:

a fluid collecting conduit disposed in the cover
adjacent to at least a portion of a perimeter of the
compartment, the fluid collecting conduit connecting the

20 first surface and the second surface.

8. The apparatus according to claim 7, further
comprising:

a fluid inlet port disposed in the cover, the fluid

25 inlet port supplying a fluid to the fluid distributing

manifold; and

a fluid outlet port disposed in the cover, the
fluid outlet port removing the fluid from the fluid
collecting conduit.



45 are | ocat ed

Where el ectr
from c Bm!mgm fluid discharge manifold 148 nmay be,
exanpl yer*3|nllar to cover 100. Such a cover woul d provide,

al ong mnth f|UId renoval , EM -shi el di ng
heat - produ0|¢n5g@bﬁﬁxron|c conponents on
from30 cover 100. It is contenplated
is aided by gravity. It is contenpl ated

providing a closed | oop flow of cool ant™
WO 97/ 31514

i nvention as was described in connection with the first
The enbsdi neThe @pphiretapraycaahirigngoappaimtals fepneted in FI G

second enbodi nent of the present
PCT/ US96/ 19984 - 13-
enbodi nent .
5 shares the hggﬁpf

| and packagi ng
cool i ng appar at us Shown |

in FlIGs,

1, 2 and 4. Thus,

on a side of plate 146 faci ng away
for

and/ or spray-cooling to the

the side of plate 1ﬁ§r gﬁ”ﬁﬂ away

that renoval of flu I?n case

%gat the sane or simlar nmeans for
1y be used in conjunction with the

5 advant ages realized by the spray
spaci ng between the

cover and the el ect?oftidBuEPein| gommndcasips with fhe fipigodaiatd by

WBX|nun1conponpafthenght
addi tion, cover
eff|C|ent serV|cea

not by the requirenments of the cooling system

Oﬁg IJd%n%ggpl’ ep acerre%{attg'rge SI

In

%Lﬁ'ﬁe Zfé'segﬁxﬂ?em se heat

sour ce-t o- nozzF’édr‘é"gﬁ%ttP&t Ebnidregutdetopestned.

the condenser receiving the fluid from the fluid
outlet port and supplying the fluid to the fluid inlet

10 port, forming a closed loop fluid flow.
10. The apparatus according to claim 1, further
comprising:
a fluid supply manifold in communication with the
15

first surface, the fluid supply manifold supplying a

fluid to the fluid distributing manifold.



It will be understood that while the enbodi nrents 15 descri bed show

el ectroni ¢ nodul es being cool ed during normal operation, the present

invention is not limted only to cooling during ordinary operation of the

el ectroni ¢ nodul es, but may be adapted to, for exanple, testing and

eval uati on of two7gksagt roni c nodul es or the 20 el ectronic ci rgﬁyb 8$¥| ces

included in the nodules. It will also be apparent that other r

forms of the invention nmay be devised withgut departing fromthe spirit and

scope of the appended clains and their Jﬂﬁ&valents, and it will be

understood that this 25 invention is not to be limted in any manner to the

speci fi ¢ enbodi nents descl@bed above, but will owz erged by the

followi ng clains apg their {quival2§ts. WO 97.B15 T;‘V.?e

PCTI / US96/ 19984 - 14- | a/d gl aim 1. An apparatus for shielding an
RS 2 t he apparat us

a second surface opposed to
2 defining a perineter
hroaeQn With the recessed

38
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conpartment; an electromagnetic interference-attenuating 15 nmateri al

di sposed in the conpartnent; a fluid distributing manifold disposed in the
cover; and a nozzle housing in the fluid distributing manifold, the nozzle
housi ng sized to receive a nozzle, 20 and having a receptacle end and a
spray end, th nd having an aperture, the receptacle j
connunicationgmﬁ?ﬁi¥ﬁg fluid distributing mani fold and the sgﬁggu%ﬁ ”?ﬁ
comuni cation with the conpartnment. 25 2. The apparat us accordi ng
to claim1, further conprising: a first pﬂé{é havi ng the el ectroni c nodul e
attached thereto, at |east a portion of t.:he electronic nodul e di sposed

within the conpartnent. 30 3. The apparatus according to claim2, wherein
the el ectronic nodule is selected fromthe group consisting of: a passive
conponent, a nulti-chip nodule, and an el ectronic hybrid assenbly. 35 WO
97/ 31514 PCT/ US96/ 19984 - 15- 4.
The apparatus according to claim?2, wherein the first plate conprises a
printed circuit board. 5. The apparatus according to claim2, wherein

]
wn

44




5 .the first plate has a plurality of orifices therethrough. 6. The
apparatus according to claimb5, further conprising: 10 a fluid

di scharge manifold in comunication with at | east a portion of the edge,
the fluid discharge manifold collecting a fluid fromthe plurality of
orifices. 15 wo97315i4 The apparatus according to claiml1, § 1
conprising: a fluid collecting conduit disposed in the cover adjacen?”?o at
| east a portion of a perinmeter of the congg&; nt, the fluid collecting
conduit connecting the 20 first surface he second surface. 8. The
apparatus according to claim?7, further conmprising: a fluid inlet port

di sposed in the cover, the fluid 25 inlet port supplying a fluid to the
fluid distributing manifold; and a fluid outlet port disposed in the cover,
the fluid outlet port renmoving the fluid fromthe fluid collecting conduit.
WD 97/ 31514 PCT/ US96/ 19984 -16- 9.
The apparatus according to claim8, further conprising: a fluid punp in
conmmuni cation with the fluid inlet

144




- | — | | PoAsLz-3
5 port; and a condenser in comunication with the fluid punp and with tlt@ ‘
flui‘d outlet port, the condenser receiving the fluid fromthe fluid outl tSs
‘port and supplying the fluid to the fluid inlet 10 port, form ZHRe cl osed®?Y
| oop fluid flow . The apparatus according to claiml1, furtIg
conprising: a fl suppl y m¥AP-PETE-LEGIUALPROBRRTY CRFANEATIN t h t he

surface, tligedl dhOntABEMCRRN AsLisiPbibES ris Paltifr baoﬁﬁﬁﬁbiw ®cn

di st ri buting—nani
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(57) Abstract

The apparatus includes a cover {10) having a first surface (12) and a second surface opposed to the first surface (12). The second
surface has an edge (16) defining a perimeter and a recessed region (18). A wall (20) is in communication with the recess region {18),
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