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-1- +7 7 - APPARATUS AND METHOD FOR SPRAY- COOLI NG AN (Yo
ELECTRONI C MODULE This application is related to copending 5
application Serial Nunber TBA, docket nunber CE03036R, filed April 10,
1996, commonl y assighed with the present I nventi on.

Field of the lnvention 10 Thi

invention relates generally to the
cool i ng of ‘el ectroni c nodul es, and, nore particularly, to an

apparatus and nethod for spray-cooling an electronic nodul e. : 15
Background of the Invention

Epoxy Resin, Epoxy Resin Composition and
Hardened Product Thereof

[Field of the Invention]

The invention relates to an epoxj( resin and an epoxy resin
composition which provide a hardened product with excellent water
resistance and mechanical strength.

[Prior Arts] \

Epoxy resins become hardened products which generally have
excellent mechanical properties, water resistance, chemical
resistance, heat resistance , €lectrical properties and the like when
hardened with a curing agent and are used in the broad range of fields
such as of adhesives, paints, laminated sheets, molding materials,

~ casting materials and the like. As the most frequently used epoxy
resins in the industrial level, there are liquid and solid bisphenol
A type epoxy resins which are obtained by allowing bisphenol A to react |
with epichlorohydrin. In addition to these resins, uninflamable
solid epoxy resins which are obtained by alloviing a liquid bisphenol
Atype epoxyresm to react with tetrabromobisphenol A are industrially
used as general-purpoée epoxy resins.

However, the general-purpose epoxy resins described above have

. a disadvantage' in that};‘ J(}:he heat resistance of hardened products
obtained by hardenir_ngfhan decreases as their molecular weight
increases, though theJ_r toughness increases. Also, when i:hey are
mixed with cresol novolak epoxy resin or the like polyfunctional epoxy

resin in order to compensate decrease in the heat resistance, the

resulting hardened products show increased heat resistance, but




El ectroni ¢ nodul es such as nmulti-chip nodul es, el ectronic hybrid
assenbl i &s such as power anplifiers, 20 and passive conponents such as
filters may contain heat sources which require cooling during nornal
oper ati on. O'ten, electronic nodul es are di sposed on substrates

such as printed circuit boards, and opgrate I n rack-type housi ngs such
as Versa Modul e Europe (VME) cages or El ectronic Industries Association
(ElIA) sub-racks. Generally, electronic nodules and their

associ at ed conponents are cooled by natural or forced air

convection which, because of the relatively poor thernal capaci tance
and heat transfer coefficients of air, 30 requires noving |arge vol unes of

air past ! BRcRLPOid ORher prodRdl £F el RIS beliSoky thABhnekd haalidiRlRdal 0

nodul es. In a rack-type housing, air-cooling fmay result In wde
spaci ng betager Absorptden.onor thelotAsr HAMEChwith €Re! Fedeiits eehlekdes| NY

to be overly large. I'n 35 addition, the air cooling process may introduce
development in electronic industries and the like, strictness of water
resistance and mechanical strength (toughness) required for
electrical insulating materials and the like for use in these
industfies are increasing more and more, and Japanese Patent
Application Kokai No. 6-271654(1994) discloses an epoxy resin
produced by the glycidyl etherification of a novolak type resin which
is obtained by condensing 4,4’'-di(®-substituted methyl)biphenyl and
the liké with naphthols, but, since the novolak type resin .to be used
as a startingmaterial is apt to receive oxidation, viscosity increment
occurs when the glycidyl etherification is not carried out immediately
after the condensation reaétion,' thus causing poor working efficiency
of this product. In consequence, great concern has been directed
toward the development of an epoxy resin from which the pioduct is
excellent in the aforementipned characteristics and whose starting
material_ hardly receives oxidation and which is exce_l;l.ént in working
efficiency.
[Summary of the Invention]

In view of these'situationé,-the inventors of the present
invention'havé condﬁcted'inténsive studiés and found as the result
that an epoxy resin having a specified molecular structure is the epoxy
resin which is free from the aforementioned problems, thereby
resuilting in the accomplishmént of the present invention.

-'Accordingly, the present invention provides

(1) an epoxy resin represented by the formula (1)
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-2- *undesired acoustic noise or other contar nants, such as dust,
into the electronic nodul es. Evaporative spray cooling features
the spraying of 5 atom zed fluid droplets directly onto a surface of a
heat source such as an el ectronic nodule. When the =~ fluid droplets

i npi nge upon the nodule's surface, a thidn ~ filmof fluid coats the
nodul e, and heat is renoved primarily by evaporation of the fluid from
the nodul e's. 100 surface. Al t hough evaporative spray cooling is a
preferred met hod of heat renmpval in many el ectronics applications,

housi ngs for el ectronic nodul es nust frequently be re- desi gned for the
pur pose of spray-cooling the electronic 15 nodul es. There is
therefore a need for an apparatus and met hod for spray-cooling an

el ectroni ¢ nodul e whi ch may be integrated into a traditional rack-type
housi ng. 20 Summary of the Invention

According to an aspect ofQGhe presentPinvergion, oG
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(in the formula (1), each of m and n is an average value and exceeds
0 but is not more than 10, each of P and R represeni:s a hydrogen atom,
a halogen atom, a séturated or unsaturated alkyl group having 1 to
8 carbon atoms, an allyl group or an aryl group, wherein P and R may
be the sa;ne or different from éach 6ther, G represents a glycidyl group,

and the group
p P ~ 0G
‘{wz @@f%@—}
R/ .
P P R

and the group



the foregoing need is addressed by an apparatus for spray-cooling an
el ectroni'c nodul e which includes a 25 plate having a first layer and a

second | ayer opposed to the first layer. The second | ayer includes a
first substrate. A fluid distributing manifold is disposed

proximate the first layer. A nozzle housing having an aperture is

di sposed in the first fluid distributing 30 nmanifold. Accor di ng
to anot her aspect of the present i nvention, an apparatus for
spray-cooling an el ectronic nodul e includes a plate having a first

| ayer and a second | ayer opposed to the first layer. The first 35

| ayer has an interior surface and an exterior surface. Afluid
distributing manifold is forned i'n the interior WO 97/ 38274

PCT/ US97/ 01187 - 3- surface of the

first layer. A nozzle is dlspQK;d in the luid distributing nmanifold,
the nozzl e having a %_
_ . R

are aligned in an optional order),

(2) an epoxy resin composition which comprises the.epoxy resin
described in the above item (1) and a curing agent,

(3) the epoxy resin composition described in the above item (2) wherein’
it further comprises an inorganic filler, and X
(4) a hardened product which is obtained by hardening the epoxy resin
composition described in the above item (2) or (3).

In the aforementioned formula (1), m is preferably 0 to 10,
more preferably 0 to 8, and n is preferably 0 to 10, more preferably
0 to 8.

Also, in the substituent gfoups P and R, hydrogen atom is
preferred and also preferred are chloriﬁe atom or bromine atom'és the
halogen atom and methyl group or propyl group as the saturafed_or
unsaturated alkyl group having 1 to 8 carbon atoms, and a case in which
P and R are all hydrogen atoms is particularly preferred.
[Detailed Description of the Invention]

The epoxy resin represented by the aforementioned formula (1)
can be obtained for example by carrying out reaction of a novolak type

resin represented by the formula (2)



receptacl e end and a spray end. The spray end has an aperture. The
receptacle end is in comunication with 5 the fluid distributing manifold

and the spray end is in comuni cation with the exterior surface of the
first | ayer. A substrate is in comunication with the interior
surface of the first |layer. The receptacle end receives a fluid from
the fluid distributing 10 manifold, th® spray end atomizes the fluid and
di scharging the atom zed fluid through the aperture. According to
a further aspect of tiGHpresent P invdhtion, a @kkthod for spray-cooling
an electronic R ifncl udes ovisgi\ng a pl a8 hﬁving a first layer 15
and a second | ayer 2% [y P ﬂgﬂ TTIST ayer having a
fluid distributing - \ thereihh an t hg/se c-;J ayer cohpr|5|ng a
substrate; recei v & fluid bY a nd2zle disposed in the flgid

di stributing mani¥ ol d, the nozzle having an aperture; and discharging

20 the fluid via the aperture. Advaq;ages of the presént

invention will becone . rent tojt hose skllle in the art from
t he f ol | owi ng ipti ff g @ e i the

i nventi on whi ch havie been shdwn sci bedyysf Ways25 /i1l ustration.

As w || be realized the invehBion is R capg! and different

ot her
enbodi ments, and itis details are capable of nodi fications in various

respects. Accordlngly, the drawi ngs and description are - to be regarded
as |Ilustrat|ve in mature arf¥ not Pas 30 restrQHti ve. (2)

— H,C H,C R
P P e Hia
S “.z—R

(in the formula (2), m, n, P and R are as defined in the formula (1),

and the group

P P OH
P P R R

.and the group

OH P P
L e <5-Eon t
R R P P '

are aligned in an optional order) with an epihalohydrin in the presence

of an alkali metal hydroxide.
The compound represented by formula (2) can be obtained for

example by allowing a compound represented by the formula (3)

w—cn;—( H >— CHz — (3) -
p



‘Brief Description of the Draw ngs FIG 1 is a partial _
perspecti've view of an 35 apparatus for spray-cooling an el ectronic nodul e

WD 97/ 38274 PCT/ US97/ 01187

-4- according to a preferred enbodi ment of the present . invention.
FIG 2 is an expanded perspective view of the apparatus depicted in
FIG 1. 5 FIG 3is a cro_ss-sectq onal view of the apparatus
depicted in FIG 2 along line 3-3, illustrating a nozzle housi ng
according to the preferred enbodi ment of the present invention.

FIG 4 is a perspective view of the apparatus 10 illustrated in FIGs. 1
and 2, depicting a nmanner of operation for simultaneously cooling

el ectroni ¢ (Jpdth€Sformula (3), W represents a halogen atom, hydroxyl group or

a lower alkoxy group, and P is as defined in the formula (1)) to undergo
condensation reaction with phenols and naphthols in the presence of
an acid catalyst.

In W of the formula (3), chlorine atom or bromine atom is

- preferred as the halogen atom, and methoxy group, ethbxy group or the
like is preferred as the lower alkoxy group.

Illustrative examples of useful compounds represented by the
formula (3) include biphenyldimethanol, bischloromethylbiphényl,
bisbromomethylbiphenyl, bismethoxymethylbiphenyl,
bisethoxymethylbiphenyl and the like, of which biphenyldimethanol,
bischloromethylbiphenyl and bismethoxymethylbiphenyl are preferred.

Illustrative examples of phenols to be used for the preparation
of the compound of formula (2) include o-, m- or p-isomers of phénol,
cresol, ethylphenol, n-propylphenol, isobutylphenol, t-butylphenol,
octylphenol, nonylphenol, xylenol, methylbutylphenol, di~-t-

" butylphenol and the like,' alkenylphenols such as allylphenol,
propenylphenol and the like, cycloalkylphenols such as |
cyclopéntylphenol, cyclohexylphenol, cyclohexylcresol and the like,

- substituted phenols such as phenylphenol and the like, and halogenated
phenols such as monobromophenol, dibromopheno;L and the like, of which
phenol, cresol or xylenol is preferred. Illustrative examples of
useful naphthols include a-naphthol, B-'—napﬁthol and various
constitutional isomers of methylnaphthol, ethylnaphthol, |
monobromonaphthol, dibromonaphthol, allylnaphthol and the like, of

~ which a-naphthol or B-naphthol is preferred. These phenols or



on two printed circuit boards. : FIG 5 illustrates a rack-type

housi ng and a closed-loop fluid flow for the apparatus shown in FIGs.
15 1 through 4. Det ai | ed Description of the Preferred Enbodi nents
Turning now to the drawi ngs, wherein |ike nunerals 20 designate |ike
conponents, FIG 1 is a partial perspective view of an apparatus for
spray-cooling an el ectroni ¢ nodul e &ccording to a preferred enmbodi nent
of the present invention. As shown, the apparatus includes a plate
10 that is substantially rectangular. Plate .10, 25 however, may be any
desired shape, and may be constructed of any suitable material, for
exanpl e plastic or a nmetal such as al um num ' Plate 10 has a

first | ayemaphtholls anayebendséd\sdone or lab aSmirtuire afetwdor mopegfmrtabng a
circuit board, such 30 as a printed circuit board. First layer 12 is
pref erabl y ar merki of, the phebolsaand rEphtholsi areirespectiivelyl used. exanpl e,

a carrier plate for ceramc substrates. As shown in FIG 2, first |ayer
12 and seconditiesy the pforgpenticres candensatsion reagtiomiy degrisd out,
fastened together using a variety of nethods and materials. For

exanpl e, f ashepberoks apd naphthels are used in a total amount of generally from
0.3 to 20 mol, preferably from 0.4 to 15 mol, based on one mol of the
compound of formula (3). The ratiqs of the phenols to naphthols can
be selected at will within the molar ratio of 5~95:95-~5.

An acid catalyst is used in the aforementioned condensation
reaction. Though various compounds can be used as the cafalyst,. én
inorganic or organic acid such as hydrochloric acid, sulfuric acid,
p-toluenesulfonic acid, oxalic acid or the like or a Lewis acid such
as boron trifluoride, anhydrous aluminum chloride, ziﬁc chloride or
the like is desirable, and p-toluenesulfonic acid, sulfuric acid or
hydrochloric acid is particulérly desirable. The amount of these acid
catalysts is not particularly limited, but it is desirable to use them
in aﬁ amount of from 0.1 to 30% by weight of the compound of formula
(3).

The aforementioned condensation reaction can be carried out
without solvent or in the presence of an organic solvent.
Illustrative examples of the useful ofganic solvent ixiélude methyl
cellosolve, ethyl cellosolve, toluene, xylene, methyl isobutyl ketone
and the like. The organic solvent may be used in an amount of

| preferably from 50 to 300% by weight, more. preferably from 100 to 250%
by weight, based on the total weight of used starting materials. The
reaction temperature is -preferably within the range of from 40 to 180°C,

and the reaction time is preferably within the range of from 1 to 10
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-5- . . conpliant gaskets, bonding, ultrasonic welding, sol dering or
brazing may be utilized. Alternatively, plate 10 may be a single part,
with internal passages (di scussed further below) being formed in first

| ayer 12 5 during fabrication of the circuit board. When first
layer 12 is separated from second | ayer 8 14, as depicted in FIG 2, it
can be seen that first | ayer 12 has an interior surface 16 and an
exterior surface 18 (not visible). 10 At | east one fluid

di stributing manifold 28 is di sposed in interior surface 16 of first

| ayer 12. A nunber of fluid distributing manifolds 28, which as

shown in Fll@urs. Erase sphvents may desugédoalana @r as a mixtrkaof thd ofr
first layer 12, are depicted in FIG 2. 15 Fluid distributing manifolds 28
may be gr od¥e.orIn addikigngclrast thawriewpaist of efifecslingi quistkereadt iom,f or m
conduits within plate 10. Fluid distributing manifolds 28 may have any
cross- sect | bnats drgpEable focdistill off; Wakghy salephalisy and sthe ddke- femedonal
shapes are during the reaction from the reaction system, using a fractionating

column and the like.

After completion of the reaction, water washing treatment is
carried out until the pH value of the washing solution becomes 3 to
7, preferably 5 to 7. When the water washing tfeatment is carriéd
out, various basic substances may if necessary be used as neutralizing
agents, which include alkali metal hydroxides such as sodiumhydroxide,
potassium hydroxide and the like, alkaline earth metai hydroxides such
as calcium hydroxide, magnesium hydroxide and the like, ammonia, .
sodium dihydrogenphosphate and organic amines such as
diethylenetriamine, triethylenetetramine, aniline, phenylenediamine
and the like. The water washing treatment may be carried out in
accordance with the usual method. For example, water in which the
aforementioned neutralizing agents are dissolved is added to the
reaction mixture, and the partition extraction procedure is repeai:ed.

| After the neutralization treatment, evaporation of the solvent
and un-reacted xﬂaterials and concentration of the formed compound are
carried out by heating the reaction mixture under a reduced pressure,-
thereby obtaining the novolak type resin of formula (2).

Known epoxidation method can be employed as a method for the
production of the epoxy resin of the present invention from the
ccmpound represented by formhla (2). Fof example, the epoxy resin

of the present invention can be obtained by allowing a dissolved



20 preferred. Afluidinlet port 23 may be formed integrally with
side,12 or side 14, as shown in FIG 2. Alternatively, a fluid inlet

port 23 may be separately coupled to plate 10, using a barbed fitting,
for exanple. 25 At | east one nozzle housing 30 is disposed in at
| east one fluid distributing manifold 28. FIG 3.is a cross-secti onal
view of FIG 2 along line 3-3, i1luBtrating one nozzle housing 30 in
first layer 12. Nozzl e housing 30 has a receptacle end 32 which is 30
di sposed on fluid distributing manifold 28. A spray end 34 of nozzle
- housing 30 is at least in part in comuni cation with exterior surface
18 of first |ayer 12, and includes an aperture 36. Aperture 36 is

pref er abl y ndixtukre off the coinpbudd omformuliaa(®) e@btaihed by thé&afbramemt wned
housing 30 is sized to receive a nozzle 26, which may be, as shown in

FIG 3, a sathodpandeexgress amount ofDepitBBorehydrin, epibromohydrin or the
PCT/ US97/ 01187 o - 6-
like epihalohydrin to undergo 1 to 10 hours of reaction at 20 to 120°C,'
after adding or while adding sodium hydroxide, potassium hydroxide
or the like alkali metal hydroxide. .

In the reaction.for the production of the epoxy resin of the
present invention, the alkali metal hydroxide may be used as its
aqueous solution, and,. in that case, the reaction may be effected by
a method in which said aqueous solution of alkali metal hydroxide is.
continuously édded to the reaction system, while water and
epihalohydrin are continuously evaporated under a reduced pressure
or ordinary pressure and simultanebusly separated to remove water and
recycle the epihalohydryn continuously into the reaction system.

In aﬁ alternative metiiod, a dissolved mixture of the compound
of formula (2) and an epihalohydrin is allowed to undergo 1 to 5 hours
of reaction ét 50 to 150°C in the presence of tetramethylammonium
chloridé, tetraméthylammonium bromide, trimethylbenzylammonium
chloride or the like quatefnary ammonium salt as a ca_.talyst, and the
thus obtained halohydrin-etherified compound of formula (2) is mixed
with an alkali metal hydroxide in the form of solid or agqueous solutiog
and subjected to 1 to 10 hours of reaction at a temperature of from
20 to 120°C to effect dehydrohalogenation (cYclization) . Inthis case,
the quéternary ammonium salt may be used in an amount of generally
from 1 to 10 g; preferably from 2 to 8 g, per one hydroxyl group of
the compound of formula (2).

In general, the amount of the epihalohydrin to be used in these



I nsert. Nozzle 26 may be secured to nozzle housing 30 by, for exanple,
press-fitting, soldering or bonding. Alternatively, nozzle 26 may be
integrally formed in fluid distributing manifold 28. 5 " Nozzl es
26.are preferably mniature atom zers such as sinplex pressure-swrl
atom zers, which are approximately 0.3 nm high, and may be made of any
.suitable material. An exanple of a suitafle material is a metallic

mat erial such as brass or stainless steel. 10 Sinplex pressure-swrl

atom zers are described in detail in US. Patent No. 5,220,804 to
Tilton et al., i ncorporated herein by reference, and are commercially
avail able from|sothermal Systens Research, I|nc., | ocated in Colton
Washi ngt on.repgtions ig-generalbspifeom h tea2®aolef prgkerablynfxom 2| te 40mpl,
for cooling electronic nodul es on an_adjacent printed circuit board 45.
Ref erri ng tREUPR hydraxyl group equiygleptqf,/Ehg componrd gf fiarmmyda (7 - The
mani folds 28 in first 12_receive-a coolant fluyid via fluid inlet

port 20"z sl aiald e bk R bhdeh b 1o el o
of ‘nossl o3 Detitanlyd hd® 1. L] o B FUL RO SR TRLeI 08t
%? é glr;i?r e;ﬁfﬁ@‘*‘%&? fi‘?’i’%ﬁ%ﬁ??@gf’@“ §§‘8§$§§*&p?‘1%d{>§5§§ rf°a59§'§‘§ée§@%g?réss .
IS spr aged %t@ik%%%%gé?ric%ic@é%%g%ar@daég?ﬁmtcﬁﬁ%aé %ncq}) é?g’ fadﬂﬁﬂg

electroni C fOEhARA SeeHartS) and tHe 11ké B1BoHBTY) &8 wel1IPak AitetnhY ¥ fone,
dimethyl sulfoxide and the like aprotic polar solvents and the like.
. When alcohols are used, they may be used in an amount of from
2 to 20% by weight, more preferably from 4 to 15% by weight, based
on 'thé amount of epihalohydrin. Also, when an aprotic polar solvent -
is used, its amount is 5 to 100% by'weight,. more pfeferably 10 to 90%
by weight, based on the amount df epihalohydrin.

After washing with wafer or without washing, the product of
epoxidation reaction is heated under a reduced pressure, namely at
110 to 250°C under a pressure of 10 mmHg or less, to remove epihalohydriﬁ,

| solvent and the like. Also, in order to obtain an epoxy resin
cpntaining leés hydrolyzable halogen, thé cyclization can be effected
more securely by dissolving the thus obtained epoxy resin in toluene,
methyl isobutyl ketone or the like solvent, adding an aqueous solution
of sodium hydroxide, potassium hydroxide or the like alkali metai
hydroxide and carrying out the subsequent reaction. In that case,
the alkali metal hydroxide_may be used in an amount of preferabiy from
0.01 to 0.3 mol, more preferably from 0.05 to 0.2 mol, per one hydroxyl
group equivalent of the compound of formula (2) used in the epoxidation.

The reaction temperature is 50 to 120°C, and the reaction period is



30 passive conponents, anong other things. Printed circuit board 45

may be a“second |ayer 14, for exanple, of a second plate 10 (not

shown) . The coolant fluid is preferably a dielectric fluid

such as 3Ms FluorinertTM dielectric fluid, order nunmber 35 FC 72, but may
be another suitable dielectric fluid, such fluids being well-known and
wi del y avail able. For WO 97/ 382724

PCT/ US97/ 01187 - -7- exanple, a
perfluorocarbon fluid simlar to 3Ms FluorinertTMdielectric fluid is
avai |l abl e from Ausi nont Gal denferr]. An el.ectroni c nodul e
havi ng a power density of up 5 to three-hundred Watts per square centi neter
S ef f egénerdhlyc0obetio b Hourst. | ayer 12 of plate 10. The removal of
heat directly from el ectroni c nodul es hel ps to reduce operating

tenperatures of tAftemdemplesion of theereackini fhedfemmgsbseit sis inemovedi ng
reliabil] tyby filtration, water washing or the like means, and toluene, methyl
isobutyl ketone or the like solvent is evaporated by heating under
a reduced pressure, thereby obtaining the epdxy resin of the present
invention containing less hydrolyzable chlorine.

The following describes the epoxy resin composition of the
present invention. In the epoxy resin composition of the present
invention, the epoxy resin of the present invention may be used alone
or jointly with other epoxy resins. When used jointly, the ratio of
the epoxy resin of the present invention to the total epoxy resins
is preferably 30% by weight or more, more preferably 40% by weight
or more.

Illustrative examples of the epoxy resin to be used jointiy
with the epoxy resin of the present invention include a novolak type
epoxy resin, a biéphenol A type epoxy resin, a bisphenol F type epo':;y
resin, a biphenyl type epoxy resin and the like, which may be used
alone or as a mixture of two or more.

The epoxy resin composition of the présent invention contains
a curing agent. As thé curing agent, amine base compounds, acid
anhydride base compounds, amide base compounds, phenolic compounds
and the like can be exemplified. Though not particularly limited,
illustrative examples of useful curing agents include
diaminodiphenylmethane, diethylenetriamine, triethylenétetramine,
diaminodiphenyl sulfone, isophoronediamiﬁe, dicyandiamide, a

polyamide resin synthesized from linolenic acid dimer and



10 through .significant reduction of thernmal variation and associ at ed

t hermal stresses. FIG 5 illustrates a rack-type housing and a
cl osed-loop fluid flow for the apparatus shown in FlGs. 1 through 4.
Chassis 60, which defines a substantiizal |y 15 rectangul ar chanber of any
desired size, may be, for exanpl e, a Versa Mdul e Europe (VM)

rack-type | s | onst.. : Of | tabl e
mat eri al , h&ﬁ’?‘ g‘fqe%&aénﬁﬂ?ga%ﬁa%}?g %@&g}%&géﬁﬁag{giﬁla&@ﬁﬁ%&'and may
be partiti qnadmk] of RALAKGEFidd) RatéRi@hgdride, tetrahydrIpAtRASY bl e

construction of chassis 60, a top wal I 62 which has two sides, an

interior siathydtidad methylteerahydrophshald.ct anhydipices smethydnadic wal | 66

whi ch al so has aninterior side 65 and an_exterior side 67. A

nunber of gankisride, dpethyd, fREC MEYNYIEPe orethalyds? RtEAMAC op wal | 62 and

in interior sjde 65 of bottomwall 66. Qui des 68yon toponall 62 are in

subst ant i al 38RY t Wi th guides 68 on bottom 66/},in des 68

optionally provide_ el ectrjcal interconnecti oHSforl e troQic

nodul es. Al ternativel ﬁ{g?éﬁhfﬁﬁ‘ﬁjﬁ;ﬁér connect i orM 230  be provi ded via
t

a backpl ane (not showte ydP6 yhtBaXi@. anhydride  HG th(p:n-e.r\er/ed embodi nent
of the present I nvention, plates 10 having secm ayer s§ 14 which are

preferably printed circuit boards are secured bet Weerf'l ~ pa®rs of guides-
or i nted of MY BESR a8 tiartac ey b BlroP Rl he a abent
printed anhydride, phenol novolak, and modified products thereof, imidazole,
BF,-amine complexes, guanidine derivatives and the like. These curing
agents may be used alone or as a mixture of two or more.
In the epoxy resin composition of the present invention, the
curing agent may be used in an amount of preferably from 0.7 to 1.2
eqﬁivalents per one epoxy group equivalent of the epoxy .resin.. When
the amount is less than 0.7 equivalent or larger than 1.2 equivalents
per one. epoxy group equivalent, excellent physical properties of the
hardened product may not be obtained due to incomplete hardening.
In addition, the aforementioned curing agent may be used
jqintly with a cure accelerator with no problems. Illustrative
examples of the cure accelerator to be used include Z-ﬁ\ethylixnidazole,
2-ethy1imidazole, 2-ethyl-4-methylimidazole and the like imidazbles '
2-(dimethylaminomethyl )phenol, 1,8-diaza-bic§clo(s,4,0)undece'ne-7
and the like tertiary amines, triphenylphosphine and the like
" phosphines and tin octylate and the like metal compounds. . The cure -'
‘accelerator may be used as occasion demands in an amount of from 0.1
to 5.0 weight parts per 100 weight pa'l;‘ts of t;.he'epoxy resin.
| | The epoxy resin composition of the present invention may
contain an inorganic filler as occasion demar_xds. Illustrative
| examples of the inorganic filler to be used include silica , alumina,

talc and the like. . The inorganic filler may be used in such an amount
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circuit board are cooled by atom. zed fluid 43 di scharged fromfirst

| ayer 12. As shown in FIG 5, atom zed fluid 43 is sprayed
fromtw first layers 12 onto adjacent printed circuit 5 boards in a
substantially simlar manner. It is cont enpl at ed, however, 't hat

pl acenment of nozzles 26 and/ or the3sarrangenent of fluid distributing
conduits 28 | ocated in interior surfaces 16 of first layers 12 nay
be different for each plate 10 housed in chassis 60, to 10 accommopdate
specific cooling requirenents of a particular printed circuit board
bei ng spray-cool ed. Large spacing constraints between el ectronic
modul es whichat nily doeupiesedtto 90&nbgi weighti of thekepoxye resin hoomposj tion
rendered essentially non-existent when using 15 the spray-cooling plate 10
descri bed bériienpresent enventionsmaynbadditdond variows bjending agents sach

surface of an el ectronic nmodule on a printed circuit board as the
hei ghts of asaridemernannlisg agenks) steaxinaride prmitdgacdd, zing stagrate,
resulting in_conpact nodul e packagi ng because
calcium stearate and the like releasing agents, pigments and the like
can be added to the epoxy resin composition of the present invention.

The epoxy resin composition of the present invention can be
obtained by uniformly mixing the aforementioned components in a
predetermined ratio. The epoxy resin composition of the present
invention cah be made into its hardened product easily by a.method
similar to the convehtionally known method. For example, the hardened
produc£ of the present invention can be obtained by uniformly mixihg
the €poxy resin with a curing agent and, if necessary, further with
a cure aoceleratoi', an inorganic filler or other blending agents,
making use of an extruder, a kneader, a roller or the like as occasion
demands, thereby obtaining the epoxy resin composition of the present
invention, which is subsequently melted, molded by casting or using
a transfer molding ﬁtachine or the like and then heated at 80 to 200°C
for 2 to 10 hours -

Alternat:.vely, a hardened product may be obtained by a method
in which a base material such as glass fx.ber, carbon fiber, polyester
fiber, polyamide fiber, alumina fiber, paper or the like is impregnated
with a solution of the epoxy res_in composition of the present invention
prepared by dissolving it in toluene, xylene, acetone, methyl ethyl
ketone, methyl isobutyl ketone or the like solvent, the resultin§ base
material is dried by heating, and the thus obtained pre-preg is molded .

by hot press. In this case, the solvent is used in such an amount



20 spacing within chassis 60 may be determined primarily by

conponent
hei ght, rather than by air volune requi rements. And unlike air cooling,
whi ch i s nost effective when heat is spread over a large area, for

exanpl e, over a large heat sink, spray cooling 25 encourages heat
concentration, another factor contributing to reduced package vol une
and wei ght Referring again tol4l G 5, one exanple of a closed-

| oop fluid flow for chassis 60 is illustrated. Fluid supply tube 52 may
be attached to fluid inlet ports 23, 30 to provide a flow of coolant fluid
to conduits forned by fluid distributing manifolds 28 within plates 10.
Alternatively, a fluid supply reservoir (not shown) nmay be attached and
seal ed to Bhéedtnefaupins gererably 40qdk0 70% by waighds, pEgfersPlyolyitevefe
coolant fluid to El ates 35, 10. As.a further alternat,ve, affLui d

backpl ane l?y]yplgh + of thepiytureof the epoxy resin composition of the present

PCT/ U.897/ O%t%égntion and said solvent. i 9.-

Since the hardened product of the presént inventiori obtained
in this manner is excellent in heat resistance, water reéistance and
mechanical strength, it can be used in a broad range of fields where
héat resistance, water resistance and high mechanical strength are
required. Illustratively, it is useful as all kinds of electric and
electronic materials such as sealing matefial_s, laminated sheets,
insulaﬁing materials and the iike. It also can be used in the field
of molding materiais, adhesives, composite materials, paints and the

. like.
[Examples] |

'Next, the present invention is described more il_lﬁstratively
with reference to examples, and, unless otherwise noted,._l the term part

as used in the following is part by weight.

»

Synthesis Example 1
" A flask equipped with a thermometer, a dropping funnel, a
condenser tube, a fractionating column and a stirrer was charged with

107 parts of a compound represented by the following formula (4)

Hoﬂz_ccuzon (4)

75 parts of phenol and 115 parts of a~naphthol, and the contents were

4

stirred at room temperature while blowing nitrogen. To this was

slowly added 0.5 part of p-toluenesulfonic acid (monohydrate), with



shown) may be coupled to chassis 60 to supply coolant to pl ates 10.

A fluid discharge reservoir 48 is attached and sealed to exterior side
67 of bottomwall 66. Fluid 5 di scharge manifold 48 collects and drains
fluid renoved fromchassis 60. Fluid preferably exits chassis 60 via
openi ngs (not shown) .in bottomwall 66, aided by gravity. O course, it
may be desirable to further seal chassis 60, to reduce | eakage of
coolant fluid. 10 Fluid punps 50, which are coupled to fluid supply
tube 52, provide a fluid flow. It will be appreciated that a single
fluid punp 50 may al so be used. A condenser 53, connected to punps 50
by tube 54 and to fluid discharge manifold 48 by tube 56, recei'ves

fluid 15 freadtian foniexstheguiauadcdiionssp thasnkhe ddgquid t‘;e@}ma‘gure dideat

fromthe fluid, returning it to primarily a liquid % ase. Fan 58 nmay be
used to exPEkEXIRed:30IGngIh ereaéﬁa i wag diratieseto 330°@ds) any ofl hath,s

supplied from condenser, 53 to fluid s_50. ,-Thus, a cl osed | oop 20
flow of codPIREdrYaker wasr drawy out PS\M‘BI tlg fractdenating co “f"ﬁa?n‘éttllﬁw

2 Vo “ansi bR B B8 AU ' vy KB gt of the'
d

con] unct | ot FEC ARy (s, w&es@ﬁ%%éﬁ%%osﬁ’wnﬁ%éfcﬁ%lﬁ@ “a%@m

It is furthgy %QEI:E | flef of Ba Paf@ffnirﬁﬁgn €5 HaéééMQuth wiBYr Peqyy

connected to a s ng e source or coo one or nore SOU ces

of cool ant JEhihe S0ASGAEHrAR untHl Bk &égﬁ%:uanp SofitbidiPbed il HeGEFN

pur poses, for exanple€. Sizes o 50, condenser
fan 5B and then the solvent was removed from the organic layer by heating

under a reduced pressure, thereby obtainingl175 parts of a novolak
type resin (A) represented by the aforementioned formula (2) in which
P and R are both hydrogen atoms. Softening point of the thus obtained
novolak type resin (A) was 86.5°C, and its hydroxyl group equivalent
was 222 g/eq. Also, when a portion of the feaction solution was
sampled after completion of the reaction and amounts of the remaining
phenol and o~-naphthol were measured by a gas chromatography, the molar
ratio of the reacted phenol to a-ﬂaphthol-was calculated to be 35:65.
Synthesis Example 2 _

The reaction of Synthesis Example 1 was'repeated except that
the charging amounts of phenol énd o~naphthol were changed to 94 parts
of phenol and 72 parts of a-naphthol, thereby obtaining 167 parts of
a novolak type resin (B). Hydroxyl group equivalent of the thus |
obtained novolak type resin (B) was 213 g/eq, and its softening point
was 81.5°C. Also, when amounts of the remaining phenol and a~naphthol
were measured in the same manner as described in Synthesis Example

1, the molar ratio of the reacted phenol to a-naphthol was calculated
to be 55:45.



shoul d be sel ected based on heat renoval and flowrate requi renents.
For exanple, a typical closed |loop fluid flowis 500 to 1000
mlliliters per mnute for 500 to 1000 Watts of heat dissipation.
and condenser 35 assenblies in various sizes are available from

| sot hermal Systens Research, Inc., and gcceptable t ubi ng ' WO
97/ 38274 PCT/ US97/ 01187

-10- and fittings may be obt ai ned from Col e-Parner in Vernon
Hlls, I'llinois. The cl osed-1oop fluid fl ow system descri bed _
herein has many advantages. For exanple, it is easily 5 retrofitted to

exi sting ra¢£?+ e1h0u5|ngs And the system does not require managi ng a
mul titude o l'ines or positioning individual spray nozzles.

Consequent |y, des q:rgﬁ@ 2851 4 Ye1ask hok €
further integrate and ?jlﬂga?ﬁ?gadcle &08 débet Weeﬁqu ct rom c rmdul es
on printed Ehéﬁhﬁrﬂet@aréjéondenser tube and a stirrer was charged with 111 parts

Punp

of the novolak type resin (A) obtained in Synthesis Example 1, 278
parts of epichlorohydrin and 70 parts of dimethyl sulfoxide, and the
contents were dissolved. After heating to 45°C, 20.2 parts of flaky
sodium hydroxide (99% in purity) was added thereto in small portions
over 90 minutes, and the reaction was carried out at 45°C for 2 hours
and then at 70°C for 1 hour. After completion of the reaction, dimethyl
sulfoxide and epichlorohydrin were distilled off by heating at 130°C
under a reduced pressure, énd the resulting residue was dissolved in
280 parts of methyl isobutyl ketone. _

Next, the thus prepared methyl isobutyl ketone solution was
heated_ to 70°C, mixed with 5 parts of an aqueous solution containing
30% by weight of sodium hydroxide, subjected to 1 hour of reaction
and then washed with water repeatedly until the washing solution became
neutral. Thereafter, the water layer was separated and removed, and

" methyl isobutyl ketone was distilled off from the o0il layer by h.eating
under a reduéed pressure making use of :; rotary evaporator, thereby
obtaining 132 parts of an epoxy resin (C) of the presenﬁ invention
represented by the aforementioned formula (1) in which P and R are
both hydrogen atoms. Softening point of the thus obtained epoxy resin
was 75.2°C, and its epoxy equivalent was 298 g/eq.

Example 2
| The epoxidation reaction of Example 1 was repeated except that

107 parts of the novolak type resin (B) obtained in Synthesis Example



I's reduced, the fluid delivery and di scharge system associated with the

appar at us descri bed herein should not increase in conplexity.

The system has al so been designed for convenient 15 serviceability. For
exanple, repairing the spray - cooling systemmy be as sinple as
removing plate 10 fromchassis 60, and typically would not involve

di sconnecting and re-positioning nunmerdds fluid |ines. Li kewi se, the
syst em desi gn provides for unobstructed 20 access to individual
spray-cool ed el ectroni c nodul es, further facilitating inspection and
repair of the nodul es. It wll be understood that while the
enbodi ment s descri bed show el ectroni c nodul es being cool ed during 25
nor mal operaMasnusede thexebyobtaimingoh2y Paxss of @y EOXY resdncdd) phigthe
during ordinary operation of thg el ectropic nodul es, but nay be adapted-
to, for ex aH{ﬁ%e,n ABVERELCR SOLtenind, PRk off they fhusLhtadmed ‘ﬁ%ﬁm ESSHR

the electronic ircuit, devices incJuded.in t | es. 30 |t

o d
will be fur‘f"?l"'érnm]dél's?‘% 45h SPOKHK FALHR IWﬁ@hfgdmgffﬁﬂ/'or f ast eni ng may

“be required, _nungero t hods and materials may be used. For exanpl e,
~fasteners sﬁ’éﬂn&ﬁes Lésag‘girgws conpl i ant gaskets, ultrasonic wel ding,

DS 00 ao hEPCHSOE U RS BB () it Shratne Ut My Bhct
Wi thout depgpfi #G¢as blended with phenol novolak (83°C in softening point and
106 g/eq in hydroxyl group equivalent) as a curing agent and
triphenylphosphine (TPP) as a cure accelerator at the ratio shbwn in
the column, composition of blends, of Table 1, and the mixture was
kneaded with a roller at 70°C for 15 minutes, subjected to 180 seconds
of transfer molding at 150°C under a molding pressure of 50 kg/cm? and
then hardened at 160°C for 2 hours and then at 180°C for further 8 hours
to give test pieces, and the thus prepared test pieces wefe used for
the measurement of their water absorption and Izod impact_ test values
under the following conditions. The results are shown in Table 1.
In the table,'the values of the columﬁ, composition of blends, are
weight part.
. Water absorption
Test piece (hardened product): 50 mm in diameter
3 mm in thickness disc

Increasing ratio (%) of weight after 24 hours of boiling in

water of 100°C
Izod impact test value (Kj/m’)

Measured in accordance with the procedure of JIS K-6911

Table 1
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-11- . fromthe spirit and scope of “the appended cl ai ns and their
equi valents, and it will be understood that this i nvention is not to be
limted in any manner to the speci fic enbodi nents descri bed above, but
will only be 5 governed by the foll ow an clainms and their equivalents.
WO 97/ 38274 : 8 PCT/ US97/ 01187
-12- Cl ai nms
Example 3 Example 4
Composition of blends ' '
- Epoxy resin (C) , 100

Epoxy resin (D) " . 100

Phenol novolak 36 . 37

TPP 1 | 1

Physical properties of
hardened product

Water absorption 0.58 0.60

Izod impact test value 26.5 27.2

It is evident from Table 1 that hardened products of the epoxy

resin of the present invention show low water absorption and high

mechanical strength.

. [Effect of the Invention}]

Since the epoxy resin of the present invention can provide
hardened products having excellent water resistance and mechanical
. strength, it finds versatile use in such applications as .molding
materials, casting materials, laminating materials, paints,
~adhesives, resists and the like. In addition, the material of the
epoxy resin of the present invention hardly receives oxidation and

therefore is excellent in working efficiency.



W claim 1. An apparatus for spray-cooling an electronic 5-

nodul, e, the apparatus conpri sing: a plate having a first |ayer and
a seco ed to the first layer, the second | ayer conprising
a fi rsﬂmﬂmu"!l“mﬂmf a fluid distributing manifold di sposed

proxi mate 10 “th& ffrst layer; and a nozzl e housing having an
aperture, the nozzle housi ng dispod®d in the first fluid distributing
mani f ol d. 15 2. The apparatus according to claim1, further

conpri si ng: a fluid inlet port coupled to the fluid

di stributing manifold. 20 3. The apparatus according to claim 2,

wherein ]Ge. fluid inlet port supplies a fluid to the fluid
di stributi nbé ¥old The apparatus according to claim 3,

4.
wherein 25 the plate ig dj jacent t. c tra havi ng
the el ectronic nodule a a%ﬁ%gfﬁ%gigtgprésé&eﬁ By eRd FiRiRG t(f)
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CH, CH, }
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(in the formula (1), each of m and n is an average value and exceeds
0 but is not more than 10, each of P and R represents a hydrogen atom, -
a halogen atom, a saturated or unsaturated 'élkyl group having 1 to

8 carbon atoms, an allyl group or an aryl group, wherein P and R may
be the same or different from each other, G represents a glycidyl group,
and the group

P P oG
P P . R R

and the group

- oG P P
| f(‘@i’%“ﬁ‘@‘@“c“z ¥
‘R R p . P



5.  The apparatus according to claim4, wherein the plate is disposed
in a Versa Mdul e Europe (VME) 30 cage. ' 6. . The apparat us
aCCOI’dl ng to c[al m 4 wherein a nozzl e is disposed in the nozzle

The apparatus according to claim®6, wherein

{/\?3699?123 Eﬂlmmm ﬂmlﬂm ness steel g - 13- 8.  The

appar at us accof di ng to”cl aim6, wherein t he nozzle atom zes the fluid
and di scharges the atom zed fluid through the aperture. 5 9.
The apparatus according to claim8, wherein the atom zed fluid is

di scharged at a substantially

are aligned in an optional ordér.)

2. An epoxy resin composition which comprises the epoxy
resin of claim 1 and a curing agent. |

3. The epoxy resin composition according to claim 2 wherein
it further comprises an inorganic filler.

4. A hardened product which is obtained by hardening the

epoxXy resin composition of claim 2 or 3.



per pendi cul ar angle to the first Iayer and onto the el ectroni ¢ nodul e.
10 . ©10. An apparatus for spray-cool'ing an el ectronic nodul e,

t he apparatus conpri sing: a plate having a first layer and a
second | ayer opposed to the first layer, the first |ayer having an 15
interior surface and an exterior surface; a fluid distributing
mani fold forned in the interior surf%ke of the first |ayer; a
nozzl e di sposed in the fluid- distributlng nanlfold t he nozzl e having a

receptacl e end amboxys HESINO EFOXY RES TON iaRg an aperture, the

receptacle end in COT§%H di stributing

mani fold and the spray end Tn conn&rﬁﬁ%il ﬁﬁﬁfwﬁghe exterior surface

of the first |ayer; and a SURBSTRAGT i N comuni cation with the

interior 25 surface of the first |ayer, the receptacle end

receiving a fluid fromthe fluid di stributing manifold, the spray end

atom zing the fluid and discharging the atom zed fluid through the

aperture. An object is to prov1de hardened products having excellent

' water resistance and.mechan1cal strength, and an epoxy resin and an

epoxy resin com9051tlon for use in the production thereof. An epoxy
resin obtained by the glycidylation of a novolak type resin which is
prepared by the condensation of biphenyls with phenols and naphthols,

and a resin composition containing said epoxy resin and hardened

prodﬁcts thereof.




