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Field of the Invention This invention relates generally to cooling
for electronic nodules, and, nore partlc%larly, toa circuit board
apparatus and a net hod for spray-cooling “*a circuit board.

Background of the Invention El ectroni ¢ nodul es such as printed
circuit boards (PCBs), nSPRAY-EAPEINGHERICHET BRARRAPBARAB®Cctronic hybrid
assenblies generally include a nunber of individual electronic conponents
such as integrated circuits, passive conponents and power transistors.
Thé individual electronic conponents may be heat . sources which require
cooling during nornal operation.Field &¥tahe clestgngienconponents are
cooled by natural or forced air convection which, because of the-
re[atlvely poor thernmal capacitance and- heat transfer coefficients of air,
requi res novi ng | ar gthisl imesntofon atelates gerersdiportantcoakinmsioheavy

heat sinks attaffad-40; & o GHRONYHS, mbie Hdrtdaa P PSS
circuit board apparatus and a method for spray-cooling
a circuit board.

Background of the Invention

Electronic modules such as printed circuit boarés
(PCBs), multi-chip modules (MCMs) and electronic .
hybrid assemblies generally include a number of
individual electronic components such as integrated
circuits, passive components and power transistors.
The individual electronic components may be heat
sources which require cooling during: normal operation.

Often, electronic compornients areé cooled by
natural or forced air convection which, -because of the
relatively poor thermal capacitance and heat transfer
coefficients of air, requires moving large volumes of
air past the components or past heavy heat sinks
attached to the components. The air cooling process

-also suffers from several other disadvantéges. For
example, the air cooling proceés may not provide
uniform cooling for each heat-producing electronic
component within an electronic module, it may result
in undesirably iarge prodﬁct packagiﬁg; and it may
introduce undesired acoustic noise or contaminants,
such as dust, onto the components.

Evaporative spray cooling features the spraying
of atomized fluid droplets directly or indirectly onto
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el ectronic conponent within an electronic nodule, it may resu

undesi rably | arge product packaging, and it may lntroduce undesi red
acoustic noi se or contami nants, such as2dust, onto the conponents.
Evaporative spray cooling features the spraying of atomzed fluid droplets

directly or i gligwpcfidoe @ @ heat MY GUEMD as an electronic
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such as an el IRt coffitsieite Shndd tdlfé)p{%ﬁﬁsd A% $RSH upon the

conmponent’ s surdmprmnere ‘thisudfidce,ofa Itihdun o idmatost tlhe:;umbrqmtemttheand heat

is renoved pHé@éﬂ%} rch SRR Q0 r%fmo%% Ililng’_f byle conmponent ' s

surface. evaporative spray co |ng |s a preferred method of
heat renpval |¢V§ﬁﬂ"ﬁﬂfe1lf§btq fihes £ ifFam &he qamparenty’ Sy BiaqRr systens
are generally deSlmlﬁQoﬂi W@bﬁavézrﬂpﬁ@ Séﬁémﬁf i a gt NeE

Mnerease. of rodtathash it HEAS AEMRY AL 70 MARYSHSEAPIER onsi ve sbal ing  may
be required prappl:tcraﬂpmsa,t nmmf sipyays wodi-i ngt Gy S tEgnss arleem There
I's therefore ager}x da ) caes.xg e&:tto sprfay-cool entire surfaces of

electronlc modules such as printed circuit boards.

Thus, a spray-cooling system may increase circuit

board packaging size. In addition, extensive sealing

may be required prior to operation of the spray-

cooling system.

There is therefore a need for a compact, self-

sealing circuit board apparatus which would facilitate

the spray-cooling of an electronic component, and a

method for spray-cooliné the electronic component

within the circuit board apparatus.

Summary of the Invention

According to an aspect of the present invention,
the foregoing needs are addressed by a circuit board
apparatus including a first layer, a second layer and
an inner plate disposed between the first layer and
the second layer. The inner plate has a fluid
distributing conduit disposed therein. The fluid
distributing conduit has a first end, a central
portion defining a chamber, and a second end. A first
electronic component is disposed within the chamber.
A nozzle is disposed in the fluid distributing
conduit, the nozzle receiving a fluid, atomizing the
fluid and discharging the atomized fluid into the
chamber. '




sealing circuit board apparatus.which would facilitate the spray-cooling
of an el ectr oWQ@%MAfonent, and a nethod for spray-cooling thePETESOTRIIML
conponent w thin the circuit board apparat us. Summary of
the I nvention According to an aspect of the present invention, the
f oregoi ng needs are addressed by a circuit board apparatus including.a
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- 3- Acc IR tIR¥Eot hdheadider Hlatee h&ﬁe?erft uidivention, a circuit
board appar at U&iism}imﬁﬁmg fdorsluit! }iepdwd rtgxea-é‘llrf,sttrw &l a second

;: gteé gi gggggg %% avi n%q}él [ S S':.gx?%%tn é‘ ce%n side qnd ,an inner
' portion defining a chamber and a second end. An
electronic component is disposed in the chamber. A
nozzle housing which is sized to receive a nozzle'is
disposed in the fluid distributing conduit.

According to a further aspect of the present
invention, a method for spray-cooling a circuit board
includes providiﬁg a first layer and a second layer:
disposing an inner plate between the first layer and
the second layer, the inner plate having a fluid
‘distributing conduit disposed. therein, .the fluid
distributing conduit having a central portion defining
a chamber, an electronic:component disposed in the
chamber; and receiving a fluid by a nozzle disposed in
the fluid distributing_conduit, the nozzle atomizing
the fluid and discharging Ehe atomized fluid into the
chamber. ' :

Advantages of the present invention will become
readily apparent to those skilled in the art from the
following description of the ?:eferred embodiment (s)
of the invention which have been shown and described
by way of illustration. As will be realized, the

. invention is capable of other and different
embodiments, and its details are capable of
modifications in various respects{ Adcordingly, the
dfawings and description are to be regarded as
illustrative in nature, and not as restrictive.




second layer. The inner plate has a fluid distributing conduit disposed
therein, the §lgusie@ Stributing conduit having a first end, a central .
portion defining a chanber and a second end. An electronic coﬂﬁawgﬂvmﬁgl
di sposed in the chanber. A nozzle housing which is sized to receive a
nozzle is disposed in the fluid distribuing conduit. According to a
further aspect of the present invention, a nethod for spray-cooling a
circuit board includeBnkeafi Despriptich |afecthadpaasdenysl | ayer;
di sposing an inner plate between the first layer and the second |ayer, the
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Detailed Description of the Preferred
Embodiments

Turning now to the drawings, wherein like
numerals designate like components, FIG. 1 is a side
view of a circuit board apparatus 10 according to a
preferred embodiment of the present invention.
Apparatus 10 includes a first layer 12, a second layer
14 and an inner plate 19. Layers 12, 14 are
preferably high—température epoxy laminates, but may
be any suitable circuit board-type material, such
materials being well-known and widely available.

Inner plate 19 is preferably composed of aluminum
core-board, but also may be any suitable material,
such as another metal or plastic. First layer 12 has
a first side 11 and a second side 13, preferably made
of copper or another metal. Likewise, second layer 14
has a first side 15 and a second side 16, also
preferably copper.

Inner plate 19 may be attached to first sides
11, 15, respectively, via an adhesive material 385,

for example, an epoxy bond material such as a prepeg




-4- - Brief Description of the Draw ngs -FIG 1 is a side

View of a cirwoesdaossr d apparatus according to a preferred enbedivusstossii

the present invention. FIG 2 is atop viewalong line 2-2 of the

circuit board apparatus depicted in FIG _i. FIG 3 is a

cross-secti onal ViEM/Of a nozzle for use In the circuit board apparatus

depicted in FIG I lLlLustrates . a clos d Ioo f|UI f.l.ow for
&
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anot her net al . intilkdessat deastdonaydluli4 distributing conduit 20.

As shown, fluid distributing conduit 20 has multiple
interconnected branches. Conduit 20 may be formed
integrally within plate 19 using well-known techniques
for processing circuit boards. Alternatively,'plate'
19 may be formed from two parts which, when mated, .
form fluid distributing conduit 20. Conduit 20 may be
formed in any desired configuration, and each branch
may have a cross-sectional shape which is conical,
-cylindrical, rectangular or-of another suitable shape.
As illustrated in FIG. 1, fluid distributing conduit '
38 may be referred to as having a first end 22, a
second end 26 and a central portion 24, central
portion 24 defining a chamber.

Referring to both FIGs. 1 and 2, electronic
components 28, which may be, for example, NPN Silicon
Radio Frequency (RF) Power Transistors, available from
Motorola, order number MRF899/D, are mounted within
chamber 24 and may include terminals 30 and one or
more dies 32. Electronic components 28 may be
disposed within chamber 24 and attached to first side
11 of first layer 12 and also to first side 15 of
second layer 14 using traditional techniques[ for
example, by wirebonding. References to electronic
components 28 will be understood to aﬁply not only to
power transistors, but also to other electronic
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WD 98/ 01015 PCT/ US97/ 05341

. -5- adhesi ve or a thermal | y-conductivé@-adhesive, available froma
variety of commonly known sour ces. When first layer 12 is renoved, as
depicted in dompoRents, canchedingrbvhatot nhimitedite Madsmisven nunber of

perforations é%hﬁgﬁ%ﬁtg g@riﬁééﬁfggg?st Slc#égct adhesive material 35,

hel ping to bo I nner es 11, 15, respectively.
As further shown |W1FI691§S 1Anextengdiag: shronghy ddssht 1ayast 1éne fluid
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within platel¥§ *H rﬁBPFaiﬂgwﬁ°PQ8ﬁﬁF§u§§ %PWS ﬁa §s§q§ FHﬁlt boar ds.
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desired conflgd§é$|%% gagg ggé%tggahc%?gﬁé§ ﬁéggﬁgyggg igeg? 8ﬁ§ shape

whi ch is conilayer b?l pndsecand sedeaﬁgubér secopd dayekred 4smayalliee shape.

As illustrat %&é‘cﬂ:&it& afhaig %&éﬂl g;g@lgﬁomfﬁ may be referred to

as having a first end 22, a  second central portion 24,
central porﬂwﬂﬁa%ﬁmﬁﬁﬁlFﬁrﬁP%x%#%ﬁﬁﬁ#Stem Board may be

accomplished in a variety of well-known ways, using
solder bumps, for example.

A fluid inlet port 43, which is preferably a
portion of inner plate 19, but which may be formed
from another material altogether, extends from
apparatus 10, and a device such as a plastic or metal
tube may be coupled to fluid inlet port 43 using a
connector 51 such as a barbed fitting.LfA similarly-
constructed fluid outlet port 45 may extend from
layers 12, 14 at second end 26, and méy also be
fitted with a plastic or metal tube held in place by
connector 51. _

At least one nozzle 60, shown in FIG. 1, is
disposed in at least one branch of fluid distributing
conduit 38. FIG. 3 is a cross-sectional view of
nozzle 60. Nozzle 60 has a receptacle 'end 62 which
is perpendicular to fluid distributing”bpnduit 38, and
which includes a swirl plate or insert,:_The swirl
plate may be secured to receptacle endJSz by, for
example, press-fitting, soldering or bdnding. A spray

end 64 includes an aperture 68, which is preferably on
the order of 0.15mm in diameter. It will be
appreciated that nozzle 60, along with swirl plate 68,
may be integrally formed in fluid distributing conduit
38. o




Referring to both FIG. 1 and 2, el ectronic conponents 28, which may be,

for exanple, Wd¥smeigiscon Radi o Frequency (RF) Power Transi st or SpcpAi86 /384 €
from Motorol a, order nunber MRF899/D, are nmounted within chanber 24 and nay

include termnals 30 and one or nore dies_32. Electronic conponents 28 may
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not limted tosp3sabie maeERIASLN! SAﬁnéxbﬂb%r ieed chLitHbi8 materiaYi @ holes
17 extending through first |ayer and second_layer 14 allow el ectronic

conponents 28 £8§ ab@eéPécFPﬁhlé&lP§a§5nR§CPEGiPéeﬁétﬁtEPaes gimpigxof
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ei t her second f] rst r-secaond 16 of second | ayer
14 may.be att é%édigggkt éyg?é 58% 2 ?ﬁ§§°§h8§n?f"Attachnent to the
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prefarably a Gorrranior (ERRarosrarznad SppulR SRsERrBRL e T '
P Y gocated in Colton, Washlngton.

FIG. 4 illustrates the use of spray—coollng
techniques, including a closed-loop fluid supply
system, in conjunction with circuit board apparatus
10. A fluid pump 50, which is connected via tube 52
to fluid inlet port 43, supplies a coolant fluid to
nozzle 60, which is disposed within fluid distributing
conduit 38. Nozzle 60 atomizes the coolant and
discharges an atomized fluid 70 through aperture 68
into chamber 24 and onto one or more dies 32 and

‘terminals 30. When atomized fluid 70 impinges upon
the surfaces of dies 32, a thin ‘liquid film coats dies
32, and heat is removed primarily by evaporation of
fluid 70 from dies 32. Excess fluid is collected at
second end 26 of fluid distributing cbnduit 38 and
removed via fluid outlet port 45.

The coolant fluid may be any dieiectric coolant,
such coolants being well-known and wiaély available.
One example of a suitable coolant is 3M’s FluorinertT™
dielectric fluid, available from 3M,'o§der number FC-
72. Another perfluorocarbon fluid similar to 3M’s
FluorinertT™ dielectric fluid is avaiiéble from
Ausimont Galden®. -

A condenser 53, connected to pump'SO by tube 54
and to fluid outlet port 48 by tube 56 receives fluid
from fluid outlet port 45. Condenser 53 rejects heat




from anot her material altogether, extends from apparatus 10, and a device
such as a pl agdbgoreis netal tube may be coupled to fluid inlet pogitsodBsaar
using a connector 51 such as a barbed fitting. A simlarly- constructed
fluid outlet port 45 may extend from |ayers 12, 14 at second end 26, and
may also be fitted with a plastic or nmetal tube held in place by
connector 51.. At | east one nozzle 60, shown in FIG 1, is disposed
in at | east odeofr shehfdhifl, urdtdirsingbiti g promduiily38. 1ERGid3 is a
Cross-section LEeW z : z 3 e end 62 which
S perpendicu?g?§F6 f?%?dggié%?iggtngacgﬁdggfggg;iﬁﬁh%ﬁﬁﬁﬁgkfincludes a

swirl plate ofF3PAsty. ofheosdenserpbare RRPled fddddedst suprddmdicl e end 62
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pressure-sw rl at oftzds, opptempiatedpphaki apvecpnyebionaghmeans nmay be
made of any guirt pbboiBRAET Eobw 0ANaC%3BPARE Ohad BMI habkeifaterial is a
metal such as _brass or stain]ess steel., K Sinplex

conjunction with the described embodiments of the

present invention, and that more than'one circuit

board apparatus 10 may be connected to a single source

of coolant or that one or more sources of coolant may

be connected to a single circuit boafd5apparatus 10,

for example, for redundancy purposes.

Sizes of fluid pump 50, condenser 53 and fan 58
should be selected based on heat removal and flow rate
requirements. For example, a typical ‘closed-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 and fittings may be obtained from Cole-Parmer
in Vernon Hills, Illinois.

An electronic component or a group of electronic
components having a power density of up to 300 Watts
per square centimeter is effectively cooled using the
disclosed apparatus. The removal of hgét directly
from individuai electronic components,}@r from groups
of electronic componeﬁts, helps to redﬁge operating
temperatures of the components, increqsing reliability
through reduction of thermal variatioﬁﬁénd associated
thermal stresses. ,

Apparatus 10 may be extremely compact, because
spacing is not governed by air volume requirements.




“pressure-swi ¥l atom zers are described in detail in U S. Patent No.

" 5,220,804 to Tiwboswfisal . i ncor porated herein by reference, APPSR, 53“
comercially available from 1 s6t her mal Syst ens -Resear ch, Inc. | ocat e
Col t on, Washi ngt on. FIG 4 illustrates the use of spray- coollng

t echni ques, including a closed-1oop fluid~Stpply system in conjunction
wth circuit board apparatus 10. A fluid punp 50, which is connected via
tube 52 to fluithush eagkaaing sigepfidreshe eosliaet efliegitdond.c moxile 60,
which is disposqgh é"z‘é&dd&d’ dirsf il iR, @@duel a3 AN ,60 atom zes

t he cool ant and i scharges an atonized flui'd 70 t.hr ough aperture 68 into

chartber 24 and RHFHAIS %%%%V@zw heatnil§a/SPre@a OWEEn aat oni zed

fluid 70 inpi ngaargeardd)e fdtrfeammef ey %2¢aegehheakzl @uingt,fil mcoats
dies 32, and heat_1s re ed 8% ﬁvaporat on of fluid.70 from

di es 32.- Excess HRRA¥YTG® @rgg Ss OE8d “OREFSBETaE 1PMui @NGTSEH but i ng
conduit 38 and ﬁamumeabqnta:mwMQomol ‘Teduaed packaging Vbhadumeolmat fl uid
may be any diel ggf cool ant, such cool ants being well-known and w dely
avai l able. One exgnp'e of a suitable coolant is 3Ms FluorinertTM
dielectric fluid, avdiRRaxatusdf IVMlawsla sindde prdnterd ciamiiter
perfluorocarbonHHdgdjﬁaIﬁﬂfﬁizbooﬁw °r ﬁb%@riQ9EEIN%§'3'89%5595%55'd s
avai l-able from Ausimnt Gal de A condenser 53, connected to punp 50
by tube 54 andmﬁﬁqﬁQ$Qjﬁ§EtPeF°ﬁ84P94§189dtu58d5611PE§eFFé§1FP&| from

fluid outlet potthedmal ToadeNto’ bedspehgctdolleadt in a minimal volume
of space. It will be appreciated that multiple

circuit boards may be stacked and interconneted, for
example, using conductive adhesive, to create a three-
dimensional circuit board block.

Selectively utilizing apparatus 10 for specific
electronic components, which may be isolated spots of
‘high heat-load in otherwise low heat-load areas of an-
electronic module, may help to reduce surface area on
a crowded electronic module that is devoted to
mounting a spray-cooling system. Thus, electronic
module sizes should not increase because of the spray-
cooling system.

The apparatus and method described herein results
in a hermetically sealed electronic éomponent, s0
that, for example, an electronic module may be
designed which has one side devoted to test fixtures
and to electronic devices that do not require spray-
cooling, and another side devoted to high heat-
dissipating, spray-cooled electronic components
enclosed in circuit bdard—apparafuses 10. Then, the
electronic module may be tested and spray-cooled
simulténeously. | :

It should be appreciated that the present
inventlon is not limited to coollng a specific
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t8- fromth i returning it to primarily a liquid phase. y
be used to ég¥£¥ﬂh§ﬁ2 cool ing capacity of condenser 53. COO|€Jﬁ#ﬁ¥%ﬁ$%ﬂp
supplied fromcondenser 53 to punp 50. Thus, a closed-loop flow of cool ant
is formed. It will be appreciated that-1# any given point the cool ant may
be a vapor, a liquid or a vapor and liquid m xture, It is
cont enpl at ed Elactaonicomotibnensl, baanmafobepadiptedgtdl ovodf anycool ant
may be used | BeGRNSUMHION st WubliBadeser hOgd CURRALITR] gngh the P esent
i nvention, and that nore’'than one Crréuit board apparatus may be
connected to &ikewjise,sdtlpec Presensoianvensionhis pat dimibed tources of
coolant may berGeRRRICIAFIAtAbdakdist Cothbk! ePBBEHoAPRAMBESed ), foOr
exanple, for red ndangéﬂgﬂj)ses. Si zes of f|UIg gung »0, condenser 53
and fan 58 sh i 1P megudfsndMMslngddl eLREtFPRYFr at e
requi rement s. hyberideessendl iest, ymagabecksabetitoegdf For dptinvetts 500 to 1000
milliliters pgﬁﬁgbg§t$ faor, 500 to 1000 Watts of heat dissipation. Punp and

|

condenser ass i gﬁrous sizes are available fromlsothernmal Systens
Research, Inc., andtadecephuaithert dontgmpidtedt thayswhayelberobeailiad from

Col e- Par nmer i o JdELinaLs n i n or a
group of eIec??ggﬁgogggggﬁgﬁgéhﬁgvgﬁgrgqgéﬁgé'dgkgggéggfﬁﬁgﬂgggsgﬁ Watt s
per square ceRBtREiels Jagr becused.y Eosl eHampifg £ASteNeEs osedhapBar at us.

The renoval ofschewls,didorpilivnt’ galskedisyi duekagbREE! RB1&ikgPONENts, or from
gr oups of eIeg&ronlc cQ 0 reducge tlng t enper at ures of

t he conponent aFﬁ@ﬂéaégﬁggggkgéBEF%@%QEH? may be btilize
It will 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 .
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
equivalents. '




t hrough reduction of thermal variation and associated thernmal stresses.
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cooling, which is nost effective when hﬁg;? %8spread over a Farge tarda,

for exanple, over a |large heat sink, | i ng encour ages heat

concentration, another factor contributing to reduced packagi ng vol une and
wei ght . Apg@r@&ggmlo allows a single printed circuit board to utilize
one or nore |ayers as dlsperS|on mani fold for a cooling fluid, and all ows

critical thernal Ioadé'to Be CdFCALEc B9IagE BPPATRALNSral CORRIIRLNG : space. |t
wi I be appreciated tba&lggttuaygrgerU|t boards nmay be stacked and
I nterconneted, for exanple, asing conductive adhesive, to create a three-
di mensi onal circuit bBar§cHR er Sel ectively utilizing apparatus 10
for specific el ectronasm damp&npmHSe uhbpbsﬁﬂybbewbéﬁ|ahedeQ@tSlQ@e&igh
heat-load in oth w_heat d argas.of an oni.c_nod
hel p to reduce sgﬁﬁgg a$38°8ﬁ %agsﬁmdéﬁeefEEFFoﬁﬁég %ﬁyén9h3t¥h§lgevoted
to nDuntlng a spaistributipgsgoenduit THisposedcthengtn, the fluid
distributing conduit having a first end), a central
portion defining a chamber, and a second end;
a first electronic component disposed within the
chamber; and
2 nozzle disposed in the fluid distributing
conduit, the nozzle receiving a fluid, atomizing the
fluid and discharging the atomized fluid into the
chamber.

2. The appa;@tus ac¢ording to claim 1, wherein
the first electronic component is selected from.the
group consisting essentially of: a power transistor, a
passive component, and an integrated circuit.

3. The apparatus according to claim 1, whereln
the nozzle comprises brass.

4, The apparatus according to claim 1, further
comprising: '

a second electronic component disposed in the
chamber.

5. The apparatus according to claim 4, -wherein
- the nozzle discharges the atomized fluid onto the
second electronic component.




nodul e si zes should not increase because of t system
The appar at usygegpfgishod described herein reslﬂﬂﬁ“m)lnlﬁuﬂm ?l'] seal ed
el ectronic conponent, so that, for exanple, an”el%ctrofic® nodul Hév

desi gned whi ch has one side devoted to test fixtures and to electronlc
devi ces that do not require spray- coolth; and another side devoted to

hi gh heat- dissipating, spray-cooled electronic conponents enclosed in
circuit board apparft use%hqoappamustmmung drd Eledidnil e, nehedeein est ed
and spray- cooleggd seipdyt qrgg(cétp the gﬁtco%lao Yly gel}e c?ﬁg&ggl a&,&%at hat the

present invention is not |n1te to coo peci 98/ 01015
PCT/ US97/ 0534 femperature epoxy laminates. .10- el ectronic conponent, but

may be adapted to cool any heat source, for exanple, a heat sink or
flange. Likew se, §he pfesent invention is not limted to printed circuit

boards. Ot her el ecttoni c'HoAPRALALUS AFCRFHING it il ifodul she@adms) and
el ectroni c hye Fiassetfayiess hamy [fd rstbstideuhad hosepbhat eddedi r cuit

boar ds. ala bihduiehoC QR 3Lgd! hat whgteyer sqalLng and! or

fasteni ng may be required, numerous ne 5dS®5n Be used. For
exanpl e, fastéﬁ%*%“%é%ﬁ“hs screws, conpliant gaskets, ultrasonic wel ding,
brazi ng, soldering or swagi ng may be utilized.
8. The apparatus according to claim 7, wherein
a conductive adhesive couples the first side of the
first layer to the inner plate.

9. The apparatus according to claim 7, wherein
the first electronic component is attached to the
first side of the first layer.

10. The apparatus according to claim. 7, whérein
the first side of the first layer and the first side
of the second layer comprise copper.




It will be apparent that other and further forms of the invention may be
devi sed w t houwoesgaotsi ng from the spirit ard scope of the appergeaIse?/es3aE
"and theit” equivalents, and it will be understood that this invenfionis =
not to be limted in any manner to the sp?@gflc enbodi ments descri bed
above, but wll only be governed by the flollowng clains and their

equi val ent s. WD 98/ 01015 : C\l

PCT/ US97/ 05341 d ai-ms . alfm 1.
A circuit board apparatus, conprising: , afirst layg a
second |ayer; r plate digposed betwee® the fiiqsy [l ayer and
t he second | ayer" t heti nner pI at e havi é&a fluid i condui t
di sposed t herein, i diy di strlbuwg (o 1 Trst—emth——a
central portion i\ chanber D a first
el ectroni ¢ co@eon d sedgwi thin the éc a nozzl 9
di sposed in thg flrh ribeting ui ozzle reg¢giving a go
atom zing the 'flfj (ys}g‘harglngt at €§Dflwdlma)the
chanber . Z / T w
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2. The apparatus according to claim11, wherein the first electronic
conponent is se¥e@@BWISromthe group consisting essentially of:
transistor, a passi ve conmponent, and an integfated circuit. P&,B&%.E“I
The apparatus according to claim1l, wherein the nozzle conprises brass.

4. The apparatus according to cl zJn-l MLt her conpri sing: a
second el ectroni ¢ conponent dispxgﬂ; In the Ranber . o 5. The
erein the nogZhg. discharges the atom zed

apparatus according to claim4,

fluid onto the second el ectronil] conmponent. WO 98/ 01015
PCT/ US97/ 05341 0 | -12- N\6. The appar at us
according to claiml1, whereyn thelfirst |ayer and theN\decond | ayer conprise
high tenperature epoxy |am NEd—ixN
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7. The apparatus according to claim1l1l, wherein the first |ayer ai‘:;‘,;
first side and ond si dewoRFnREERUAL FRBBRPEGRR .ﬁé{{er has a\GMES
and a second si gT 8. The aﬁm@ﬂ&moor%g o cl ai m A wherein
a_conduCtNFERNATIENALCAPFIICATION PUBLISHED GNODEROFHE PATENT 8bOPERATION TREATY ®CT)
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first @%%SEKO‘?AI}& conponent 1s attachegﬂtﬂI (1fYJatexnptionyl PublisptiopNumtiees £ |+ (WO 98/01015
| ayer}. . The appar at us accof el E‘i. M pupnsr in t irs

sidejof _the first layer and the firstl g gsﬁf' rhesecond ] aver cg‘rffﬂ"f'%@”mm'%)
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{57) Abstract

. The circuit board apparatus (10) includes a first layer (12, 14), a second layer (12, 14) and an inner plate (19 disposed between the
first layﬂ' (12, 14) and the second layer (12, 14). A fluid distributing conduit (38) is disposed in the inner:late ((19){ The fluid distributing .
?mt (i’sl)m:s ﬂ:e :i:;l:t me:edt((zzz‘)).- -A central gglbt)non M&ﬁ;ﬂnﬂg;ﬂchﬁm t;lncl a second end (26). A first electronic component (28) is
is n the flu " '
tbeposedﬂuid v e 24). mﬂuid 0 lmodwm d I iy (2:;. buting conduit (38). ‘The nozzle (60) receives s fiuid, atomizes




