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applications are the encapsulation of capacztors,.dlodes,
transistors, power semiconductors, optocouplers, memory
chips and microprocessors. Suitable epoxy-resin moulding
compounds for this purpose must fulfil high requirements

15 relating to the processing and moulded-material
properties. This relates, in particular, to the purity of
the moulding compounds and also to the rheological
behaviocur and the curing properties during processing as
transfer moulding compounds by means of transfer moulding

20 processes and, furthermore, to the mechano-thermal
properties of the epoxy-resin moulded materials and to
the stable long-term protection of the components against
aggressive environmental influences. In addition, the
epoxy-resin moulded materials must fulfil the high

25 requirements of electronics relating to the flame-resis-
tant behaviour and achieve the classification V-0 for a.
layer thickness of < 1.6 mm in the internationally
standard flammability test according to UL 94 V.

The curing of epoxy-resin moulding éompounds can

30 in principle be carried out with chemically wvaried
hardener components, for example with carboxylic
anhydrides, amines or phenols. However, phenolically
curable epoxy-resin transfer moulding compounds heavily
filled with synthetic silica flour have gained acceptance

35 for the encapsulation of electronic components by means

of transfer moulding processes.
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The flame-resistant formulation of the
15 compression-moulding compounds is carried out using
aromatic bromine compounds, in particular with tetra-
bromobisphenol A epoxy resins, which are chemically
incorporated in the epoxy-resin moulded material during
curing. In addition, antimony trioxide increases the
20 effectiveness of the brominated flame retardants as a
synergist. The flame-resistant properties of the epoxy-
resin moulded materials are further promoted by a high
content of silanized synthetic silica fillers; in this .
connection, both splintery £fillers and mixtures of
25 splintery and spherical fillers are used. Recently,
synthetically produced a-radiation-free synthetic silica
fillers have been used to avoid so-called soft errors in
large-scale-integrated circuits. The high content of
silanized synthetic silica filler also serves to improve
30 the mechano-thermal properties of the epoxy-resin moulded
materials, in particular to adjust the coefficients of
expansion. The compression-moulding compounds also
contain, in addition, small amounts of additives, in
particular soot, and processing aids, such as stearates
35 and waxes.

To produce the phenolically curable epoxy-resin
transfer moulding compounds, the resin and hardener
components are converted into a pre-reacted state
(B stage) and pulverized, as a rule, at temperatures up
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conpressi on-noul ding conpounds also contain, in addition, small anounts
of additives, in particular soot, and processing aids, such as stearates 35
and waxes. To produce the phenolically curable epoxy-resin transfer
nmoul di ng conpounds, the resin and hardener conponents are converted into a
pre-reacted state (B stage) and pul verized, as a rule, at tenperatures up
95 P 3374 -2a- to approximately 120[err]C, in particul ar by
kneading on a roll mll or by extrusion, for exanple 95 P 3374
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formulated with bromine-containing flame retardants and

15 antimony trioxide and which have outstanding flame-
retarding properties have proved advantageous in elec-
tronics, their use is not, however, without problems. In
particular, during fire and carbonization, they £form
highly corrosive bromine compounds, such as hydrogen

20 bromide, and aromatic bromine compounds which are bio-
logically difficult to degrade, such as polybromodibenzo-
dioxins and polybromodibenzofurans. In addition, epoxy-
resin moulded materials containing brominated flame
retardants are unsuitable for recycling if a further

25 scattering of dangerous products is to be avoided. In
addition, the disposal of such epoxy-resin moulded
materials as waste by combustion can be carried out in
future only as hazardous waste by means of industrially
expensive and economically unprofitable combustion

30 . processes because of the ever-increasing’ requirements'
relating to air-pollution prevention. One objection to
the use of antimony trioxide is that this compound is on
the list of carcinogenic hazardous substances. Although
the risk is negligible in the case of permanent incorpor-

35 ation, as exists in the cured compression-moulding
compound, expensive protective measures relating to
health and safety at work are however necessary for the
production of antimony-trioxide-containing compression-
moulding compounds. In addition, antimony trioxide which
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antinony trioxide which 95 P 3374 -3a - is rel eased
during the processing, i.e. during the encapsul ation of electronic 95 P
3374 -4- conponents, and also in the event of fire or

carboni - zation or during recycling processes represents a high risk in the
form of inhal able dust. Wrk has also al ready been carried out on the 5
flame-resistant fornulation of conpression-nmoul ding conpounds wi t hout
the use of hal ogen-containing flanme retardants. For this purpose, German

O fenl egungsschrift 42 23 632 discloses a |latently reactive, phenolically
curabl e epoxy-resin nmoul di ng conmpound wi t hout hal ogen- 10 cont ai ni ng
flame retardation, in whose production the follow ng procedure is ‘adopted.
First of all, an isocya-



ria_t_e-group-f ree, latently reactive prepolyneric epoxy- resin mxture is
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I n the indust rnatepgnduptfneepf laltentlgpatgaxctive epoepoilymeric epoxy-’
resin mixture is produced in powdefed form from a filler-
containing, thermally polymerizable reaction resin
15 mixture of polyepoxy resin EP (mixture of difunctional
and multifunctional epoxy resins) and polyisocyanate
resin IC (EP:IC molar ratio »> 1) using substituted
imidazole as a reaction accelerator (concentration: 0.5
to 2.5%, relative to EP) at reaction temperatures up to
20 200°C. Said epoxy-resin mixture is then mixed with a
powdered, filler-containing phenolic-resin mixture (molar
ratio of epoxy groups to phenolic hydroxyl groups: 1:0.4
to 1:1.1), optionally with the addition of additives.
A disadvantage of this process is that, in the
25 production of the prepolymeric epoxy-resin mixture, which
is carried out, for example, by means of a continuously
running reactor (in this connection, see German Offen-
legungsschrift 42 23 622), high contents of filler are
. necessary in order to "dilute" the reaction resin mix-
30 ture, i.e. to reduce its reactivity and to be able to
remove the heat of reaction released during the reaction
of the polyepoxy resin with the polyisocyanate resin
sufficiently quickly. In particular, without the presence
of filler, the development of large amounts of heat which
35 sets in spontaneously results in the decomposition of the
material. The high filler content, however, considerably
limits the breadth of wvariation in the industrial

production of the prepolymeric epoxy-resin
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free reaction resin,mxture of polyepoxy resin and pol yi socyanate,resin
havi ng a nol arSPREREPHRIt n2Rep 9”%? ﬁf)gr‘t oc?%m?%’b'gya%’é‘ie %r deppey 1. 1
to 4:1 at a reachponehtnpdriaiiur eanf hep ppoZebpedr |dompardbdyr edehcetlné a
reaction accelgﬁggc}?[resin compression-moulding compounds used indus-
trially, are suitable for the encapsulatidn of electronic
15 components and which yield low-flammability moulded
materials, i.e. moulded materials which can be classified
V-0 according to UL 94, without antimony trioxide and/or
halogen compounds, the epoxy-resin component having to be
cbtainable economically from polyepoxy resin and polyiso-

20 cyanate resin without adding £iller.

According to the invention, this is achieved in
that the epoxy-resin moulding compounds contain the
following components:

- an epoxy-resin component obtained from a solvent-

25 free reaction resin mixture of polyepoxy resin
and polyisocyanate resin having a molar ratio of
the epoxy groups' to the isocyanate groups of
1.1:1 to 4:1 at a reaction temperature of up to’
220°C in the presence of a reaction accelerator

30 in a concentration of 0.5 to 2.5% and using
triphenylphosphine oxide in a concentration of
0.05 to 10%, relative in each case to the
reaction resin mixture,

- a hardener component containing at least two

35 phenolic hydroxyl groups per molecule,

- inorganic filler,
- and standard additives.
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epoxy resins he action of triphenyl phbsfohi ne oxj de as so
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the said type aln% in which
the filler is added only during the final formulation is
not impaired by the addition of triphenylphosphine oxide.

True, it has already been proposed to uéé tri-

15 phenylphosphine oxide as an additive for the flame-
resistant formulation of compression-moulding compounds
based on phenolically curable cresol-novolak epoxy
resins. The action of triphenylphosphine oxide as sole
flame retardant is, however, apparently very small. In

20 particular, either very high concentrations of triphenyl-
phosphine oxide are needed, for example 8 parts by mass
of triphenylphosphine oxide in 110 parts by mass of
compression-moulding compound, equivalent to
approximately 7.2% (published Japanese Patent Application

25 61-127748), or the triphenylphosphine oxide has to be
combined with a hydrated metal oxide, such as antimony
pentoxide hydrate as synergist (published Japanese Patent
Application 01;073651) . In addition, an accelerating
effect on the crosslinking of epoxy resins with phenolic

30 resins is ascribed to the triphenylphosphine oxide
(published Japanese Patent Application 01-073651) .

WO 90/15089 discloses epoxy-terminated polyoxazo-
lidinones (referred to therein in simplified form as
polyoxazolidones) which are produced, without high filler

35 concentrations, from reaction resin mixtures of polyepoxy
resins and polyisocyanate resins at temperatures between
110 and 200°C; in this process, the polyisocyanate resin
is added to the accelerator-containing polyepoxy resin.
However, in a process of this type,
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containing aminic or phenolic hardener components.

15 Tetrabrombbisphenol A is used for the flame-resistant
formulation.

The epoxy-resin component of the epoxy-resin
moulding compounds according to the invention is, or
contains, a prepolymer having nitrogen-heterocyclic

20 oxazolidinone and isocyanurate structures. The use of
triphenylphosphine oxide in epoxy-resin components or
moulding compounds of this type has, however, hitherto
not been disclosed. The content of triphenylphosphine
oxide in the moulding compounds is 0.01 to 2.3%, prefer-

25 ably 0.5 to 1.2%. '

In the production of the epoxy-resin component
(from the reaction resin m:.xture of polyepoxy resin and
polyisocyanate resin), the concentration of triphenylpho- -
sphine oxide is 0.05 to 10%, preferably 2 to 5%. The

30 - polyepoxy resin is advantageously a difunctional epoxy
resin. The molar ratio of the epoxy groups to the
isocyanate groups is 1.1 to 4, preferably 1.8 to 3.

The epoxy-resin component can be produced in
portions in duplex kneaders or, particularly advantage-

35 ously, continuously in suitably designed reaction ex-
truders. Prior to further processing, the epoxy-resin

component is pulverized.
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a difunctional epoxy resin. The_nolar ratio of the epoxy groups_ to the
i socyanate gr 051'521?5‘ isigeperallveflr £8| §0%, gpreferaliy 'égo‘k‘}-?%%'r nthe
conponent can KadpEQ¢Essd suthDQid i AoeldNrdlphey lagRade Sard . pPoEésSLhgr |y
advantage- 35 ,;Qus! ¥y CQRhER1PH LY DebhLaq! V1895, SNEEnEE2ELL20. Fhe
addition of a curing accelerator is generélly'unnecessary
15 since the reaction accelerator contained in the epoxy-
resin component is also active during curing and,
consequently, is able to serve as curing accelerator in
the moulding compound. '
Suitable as polyepoxy resin are, in particular,
20 difunctional epoxy resins, such as bisphenol A epoxy
resins and bisphenol F epoxy resins, biphenyl bisglycidyl
resins, naphthyl bisglycidyl resins and bisglycidyl
hexahydrophthalate. Furthermore, higher functional epoxy
resins, such as cresol-novolak and phenocl-novolak epoxy
25 resins, and also epoxy resins based on tetraglycidyldiam-
inodiphenylmethane, triglycidylisocyanurate, polyglycidy-
ldinaphthylmethane and triglycidyltriphenylmethane can be
used. With the aid of these epoxy resins, it is possible,
in particular, to raise the glass transition temperature
30 of the moulded materials. The difunctional epoxy resins
may be used individually or in the form of mixtures, it
being possible for modified silicone epoxy resins to be
uged in mixtures even having isocyanurate structures (in
this connection, see: European Patent Specification 0 399
35 199) . The difunctional epoxy resins or suitable mixtures
can furthermore be used together with higher functiomnal

epoxy resins.



truders. Prior to further processing, the epoxy-resin conponent is

pul'veri zed. 95 P 3374 - 8- Advant ageously, said conponent
may al so contagET% sggltlon solid, powdered epoxy resin, preferably of up
t0.20% by nass % uce the epoxy- resin nDuIdlng conpounds a 5 phenolic

har dener conponent is gdg%bélg gge :.%o? n.Gomonent I n thspagq:xture,

the ratio of the pheno roxyl e epoxy grodps
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nmoul di ng conpo rt G [ g?g* L&l er ard
addi ti-ves. The %ﬁtgﬁt %?H ?h ?SF%%% dﬁ?% %%é és eneraﬁ? 6§$?£99096
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addition of a cu accelerator is enerall¥ ecessar since the
reaction accel &P P82358nt THEPYHETE Sfox F¥ F@gﬂﬁ c%ﬁpdﬁﬁﬁfl??F¥ﬁ%%F%ctlve
during curing sedinconsequently, is able to serve as curing accelerator |n
L el oo comound. pRgballbyas PPLYCRUNSESO AT, BN Sy 20
epoxy resins, ©PPUEmAnd Huhstiduhad mm01Mph@nwabtsg¢%roBﬂmemlm and
bi sgl yci dyg heﬁﬂB&QEBth@ﬂﬁgéhyfiﬂiéEﬂéﬂgez Bhﬂﬁ?iiﬂ&&ﬁ&b@&mzﬁﬁEﬁyi-
resins, such as cresol-novol ak ‘and phenol - novol ak™ epoxy

4-methylimidazole, l-benzyl-2-phenylimidazole and

l-cyanocethyl-2-phenylimidazole serve as reaction

accelerator. Furthermore, substituted.phogphines, such as'

triphenylphosphine and tertiary amines, such as 1,4-

15 diazabicyclo[2.2.2]occtane (DABCO) are suitable.

Suitable as hardener component containing at
least two phenolic hydroxyl groups per molecule are, in
particular, phenol novolaks, cresol novolaks, biphenylols
and alkylphenol-modified silicones or mixtures thereof.

20 Preferably, mineral synthetic silica, in particu-
lar with splintery and/or spherical particle shape of
various particle size distributions, serves as filler.
Also suitable are thorium-free and uranium-free synthetic
silica flours, and also wollastonite. However, ceramic

25 fillers, such as aluminium oxide and fibrous fillers,
such as short glass fibres, can also be used. The fillers
can be used individually or in mixtures.

Standard processing aids, such as internal mould
release agents, for example montan wax, micronized

30 polyethylenes, carnauba wax and metal salts of stearic
acid, and pigments for colouring the materials, for

example soot or titanium dioxide, are used as additives.



25 resins, and al so epoxy resins based on tetraglycidyldi am

i nodi phenyl met hane, triglycidylisocyanurate, polyglycidy-

| .di napht hyl met%%ng ?9.94} riglycidyltri phenyb nmet hane can be used. Wth the
aid of these epoOx eSins, it is possiblel in particular, to raise the

| ass transition:-tenpe u _ sl ' Thes.
gi functi onal epoxy res?ﬁ% %gogt%elrﬁgég P‘%&q\%%%:%%?{%dng ﬁ]cec orlnz%%fto
m xtures, it bEhadpwrticr having belegesi-ifresnélapsxyetasdation) rresed

in mxtures ev fgﬁayéagbyswamg ¢ e SHEWAEHEES comPohBhEsC 365k Cdb1&CE:
Eur opean Patent  Specification Q 399 35 199). . The difunctiqnal epoxy
resins or sui tBbFERG; LeYLEESc ol ATFIRFIANE bEL ERe fbeo FATML N R¥PRRF Ner

functionals epogyoniesi The mixPures3¥dre then homogenizedginﬁwﬁﬁﬂﬁéﬁfﬁh
pol yi socyanate_yesin_ar in parti-_cular,  diigocyanatodi phenyl nethane,
Dol Uyl ene di | S350 ARk &b Ih RORRRECHE | 358, Baapanes Fohondt Vo
i soneric ni xt ufesmarkheolepoxyi-cesdonemeuldinguresnpgurd in a further
dii socyanat odi pheguLEELGAMtep ohUd NEBTR Ginl bl BY | xtOLUYLEN® for
di i socyanate is suita .as polyirsocyanate resin. Preferably,
1, 8- di azabi cycP¥pBRLS OpsdRge@ wen@%/ms aRWiB0BSTRYUCORROwderol eandin
particul afo 1- nghéy| -pdlverifédazale, pé1MTRiAxled B3z 0kLandaplicidinod@zol e,
2-ethyl - 4-nethylimdazol e, - 1-benzyl - Z-Ehegél | g dazol e and :
1- cyanoet hyl - ZPRERTPR o“a%?%“en“%@b’i%e”c& sulpred PEARECERE rEarfier
Furt hernorej shbsldingegrpbesphi adaptedcitoathe respective technology,
in the temperature range between 170 and 190°C with an
injection time and curing time in the mould of 60 to
15 180 s. A .
The invention will be explained in still greater

detail by reference to exemplary embodiments.
Examples 1 to 8

Production of prepolymeric epoxy-resin components
20 The polyepoxy resin or polyepoxy-resin mixture
specified in Table 1 is melted and introduced into the
trough of a duplex kneader having low-wear kneader
blades. The parts by mass specified in Table 1 of
reaction accelerator, triphenylphosphine oxide and,
25 optionally, additive (montan wax) are subsequently added
and then mixed at room temperature. The parts by mass of
polyisocyanate resin specified in Table 1 are added to
this mixture and mixed in for 5 min at room temperature,
then the mixture is heated. This is done by means of the
30 heating jacket of the duplex kneader inﬁo which a heat
transfer medium pre-heated to 225°C in a thermostat is
pumped via a three-way valve. The compound becomes solid
within 45 to 75 s and then melts again after approximate-
ly 10 min. Throughout the entire reaction time, the
35 compound is agitated by the kneader blades. Once the
compound has melted again,
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conmponentss i N Sbiki@dd Sn NBKI HG1 gEYE&ES, i n accordance with the formula
propor- 5 tions. The m xtures are then honogenized in the nolten state of
the resin conponent and hardener conponent to formthe epoxy-resin noul di ng

-conpound in a Exkmpbés 9 and 10

Production of prepolymeric epoxy-resin. components by
reaction extrusion )

The production is carried out in all cases using

15 60 times the quantity (in grams) of the parts by mass of

the individual components specified in Table 1. For this

purpose, polyepoxy resin is mixed in a temperature-

controllable and evacuable mixing container and the

mixture is then heated to 120°C while stirring at reduced

20 pressure. Triphenylphosphine oxide is then added to the

mixture in portions while stirring. Once the triphenylp-

hosphine oxide has completely dissolved, the mixture is

cooled to 25°C and simultaneously degassed under reduced

pressure (< 1 mbar). The reaction accelerator is intro-

25 duced into the cold compound. After homogenization, the

mixture is fed at 25°C to a co-rotating twin-screw

compounder by a gear pump having a continuous material

flow of 2.6 kg/h. Simultaneously, 0.65 kg/h of polyiso-

cyanate resin (Example 9) or 0.705 kg/h (Example 10),

30 respectively, are dispensed into the twin-screw

compounder . using .a systolic pump. The screws of the

compounder are constructed exclusively from conveyor

components. The screw length is 1080 mm and the outer

screw diameter is 31.8 mm; the seven cylindrical zones of

35 the compounder are heated to 200°C. The screw rotary

speed is



processing step on a roll mll or by extrusion, for exanple using a
co-rotating tw n-screw conpounder, and 10 then pul veri zed and pelletized

hy standard g&%}(\l}ogﬁ% El ectronic conponeg_tzf are encapsul ated using the
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The pol yepoxy resin or polyepoxy-resin mxture~specified in Table 1 1s
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Thr oughout t h@TERALYReTI L SRAFHHABLR coppenent: ohtadRed dsx§texeddaty the
kneader bl adexzodmCteinparaetpeuniitins thel texblaghich of moisture. The '

epoxy value of the epoxy-resin components is cited in
Table 1. -

15 Examples 11 to 19

Production of epoxy-resin moulding'c':ompounds (epoxy-resin
compression-moulding compounds)
The corresponding amounts of pulverized hardener
component, £iller and additive (soot), relative to the
20 parts by mass of the epoxy-resin component (EP component)
specified in Table 2, are added in each case to 120 g of
the prepolymeric epoxy-resin components 1 to 7, 9 and 10
in a truncated-cone mixer. Vigorous mixing is then
carried out for 30 min and the mixture obtained is
25 homogenized within 2 to 3 min to form the epoxy-resin
moulding compound on a roll mill at temperatures between
80 and 100°C, while melting takes place. The cooled
material is comminuted and pressed to form pellets having
a mass of 60 g. The content of triphenylphosphine oxide
30 or phosphorus in the moulding compounds is to be found in
Table 2.



95 P 3374 -11- the heating circuit is disconnected and the
t rough |s.enptied onto a cool ed al um ni um sheet. The prepol yneric
epoxy-resin c ef#% btalned in this pﬁgpess is.then ground to powder for
further processing e epoxy val ue, eterm ned after adding ,
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e Lok ety 55, e, 58 RN S 0] Ul on
a roll mill at temperatures between 80 and 100°C, while-
melting takes place. The cooled mass is comminuted and
pressed to form pellets having a mass of 60 g. The
content of triphenylphosphine oxide or phosphorus in the
15 moulding compound is to be found in Table 2.

Examples 21 to 27

Production of moulded-material test pieces
The pelletized epoxy-resin moulding compounds 11,

13, 15 to 18 and 20 are processed to form moulded-

20 material panels of dimensions 150 x 90 x 1.6 mm® using
the transfer moulding process. For this purpose, the
epoxy-resin moulding compound pre-heated to 90°C by means
of high-frequency heating is injected in each case into
the mould heated to 175°C at a pressure of 100 bars. The

25 mould closing time (injection time and curing time in the
mould) is 90 s. The panels are then post-cured for 4 h at
190°C. The test pieces required for the material tests
are cut out of the moulded-material panels using a
diamond-impregnated wire saw. _

30 The processing properties of the epoxy-resin
moulding compounds and essential material properties of
the epoxy-resin moulded materials are listed in Table 3.
The viscosity of the epoxy-resin moulding compounds is
determined at 175°C using a cone-and-plate device '



row of 2.6 kg/h. Sinultaneously, 0.65 kg/h of polyiso- cyanate resin

(Exanpl e 9) or 0.705 kg/.h (Exanpl e 10), 30 respectively, are dispensed
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(Tg) of the moulded materials is determined by means of
thermomechanical analysis, and the linear coefficients of
thermal expansion (a; and a,) below and above the glass
transition temperature, respectively) are determined in

15 the same way.
Example 28

Encapsulation of electronic components
To encapsulate electronic components in the form
of integrated circuits mounted on lead frames, the epoxy-
20 resin moulding compounds are pressed to form pellets
having a diameter of 50 mm and a mass of 50 g under a
pressure of 6 to 10 t/cm®. The pellets are pre-heated to
90°C using high-frequency heating and then injected into
a mould pre-heated to 180°C for P-DIP-14 packages
25 (plastic dual in-line package) into which a lead-frame
strip with seven mounted integrated circuits has been
inserted; the injection pressure is 70 bars and the
injection time and the curing time in the mould is 120 s.
The encapsulated components are then removed from the
30 mould and postcured for 4 h at 190°C. The componentse are
subsequently separated and the standard further process
steps of final mounting are then <carried out.
Incidentally, no external mould release agent is used in

the encapsulation of the electronic components.



The correspondi ng anmounts of pul verized hardener conponent, filler and
additive (soot), relative to the 20 parts by mass of the epoxy-resin
conponent (EP §§n%o ﬁz ) specified in Tg%g 2, are added in each case to
120 g of the ptep |€ i C epoxy-resin co nents 1 to 7, 9 and 10 in a
truncat ed- con 1 Xel . i mxing is then carried out for 30 mn and
the m xture oﬁit(%]rneé }-'l'sl Zg%fﬁ%m)geni zed within 2 to 3 mn to formthe
epoxy-resin nmoul di ng conpound on a roll nill at tenperatures between 80 and
100[err] C, mhi§51§@$3§?grgggﬁs pl ace. The cooled material is conmm nuted
and pressed to formpellets having a nass,of 60 g. The content of

tri phenyl phosp®® nk? oxi Bbsten°6rA%Hb§W%QY1 PERRE RPN FHPOHdE8 i s to
be found in Table 2. mo®pk& 3374 -13- Exanple 20

conpr essi che it hg CBREBHRATL AR SHEFETORATL cHther + Sar 235 6 18
pul verized 5 har denemolABg3 g), filler (300.8 g + 128.9 g) . and ;B.ddi - tive

(6.2 g of sootggng, 3. lpge pf DRI 401 48Ihi AL BHERG1HEHERe I Rb lue:
ﬂpfgne%{; §§ %nca ed- %

prepol yneri c epoxy-resin co inatr cone m xer. WVi'gorous
nmxing is then carried8el® ®01/89 nin and the mixture obtained is

honpgeni zed wWighio; 10 BightRyd dlycidyl &dBild)e cpBRYYvaLELR sfmld)dﬁdlgll_c?
conpound O‘E aroll mll _i\t t enper atures bet ween 80 aﬂd ;OJQ[EBrJnCl ]V\:/nl e
mel ting tdkes P¥ade. TRE tBBPBJSREXYE FESiBmPROFEIVEhES: +- ol/kg
Polyisocyanate resin _
IC 1: Diphenylmethane diisocyanate (isomeric mixture),
isocyanate value: 8.00 mol/kg

IC 2: Toluylene diisocyanate (isomeric mixture), isocy-

15 anate value: 11.50 mol/kg
Hardener
H 1: Cresocl novolak, hydroxyl value: 7.95 mol/kg

H 2: Phenol novolak, hydroxyl value: 8.90 mol/kg

Reaction accelerator
20 RB 1: 2-phenylimidazole
RB 2: 1,8-diazabicyclo[5.4.0]lundec-7-ene (DBU)

Filler _
F 1: Synthetic silica, spherical
F 2: Synthetic silica, splintery
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5 at 175[err]C. Imedi ately after denoul ding, the Shore D hard- ness (DIN
53 505) is neasured of the noul ded-material panels at a tenperature of
175[err] C. To determine the flame resistance, the flammbility test is
carried out i95aRc¥®thnce with UL 94 \» ok’ test pieces with a layer 10
t hi ckness of 1.6 nm The glass transition tenperature (T[err]) of the
noul ded materials is determ ned by neans of thernonechanical analysis, and
the linear coefficients of thermal expansion ([err] and [err]) bel ow and
above the glass tramsition tenperature, respectively) are determned in 15
the sane way. Exanpie 28 Encapsul ation of electronic conponents To
encapsul ate el ect ro'bﬁi c conponents in the formof integrated circuits
mount ed on | ead fra%es, t he epoxy- 20 resin noul di ng conpounds are
pressed to formpel®ets having a dianeter of 50 mm and a mass of 50 g under
a pressure of 6 to 90 t/cn2. The pellets are pre-heated to 901C using
hi gh- f requency heatg’ng and then injected into a nould pre-heated to
180[err] C for P-DI %14 packages 25 (plagie dual in-line package) into
which a lead-frame Strip with sévef #punt & T nGdRat edacF cuits has been
inserted; the inj ecdi on pressureri s (9 bars Qnd; the injegtion time and the
curing time in the Bould i §12075."The encapsul ated conponents are then
removed fromthe 306 nould andSostgiredd of 4 h at 180kerr]C. The
conponents are subs‘ﬁquentlg\sgpqg ate® and g hg & andar d?f att her process
_steps of final nfunting- ale~thew camti®de out. Imci@entally, no
external nould rel egse agent isrused in tke encapsul ation of the_electronic
L m ™ N~ O s W oe

9

corrponents. " . o . . O < o
0 o0 (Vo] « 0O © . . . ﬂ
-l " N 1 ¢ & - =) -
% =)
« Q © d
o o v M~ O N ™M g
Q . o . e O -
43 ™~ < s 0O © . L) . ~ o
(4] W~ NN - © (o) o7
- M OH o°
=) ~ c o ~ @
E ~ G a M 1N o O g
. <~ L] e O N N 0 -
0 ") <« s+ ® O o . v g8 O
4y - OV &N TR T O < I B | N © o ﬁ’g
. . o o o on g 3
- [« o m I~ O -I ™ » = 0O
it . I} . r O [ B | n 3
<] N n e O O o . * 0 E
@ H OB oN W YN - o p | 9
2
o~ o o b= B
o ~ © m ~ O « H 0 O
n . | . s O N o ﬂ
o < ™ . 0w O . . . [~ S R
e S . I - T ™ I~ T I o 83
0 3] o o i‘u s
g ) N M I~ © ~ N 0o g ©
© . — « - O o w & O H
— o™ ™M . 0 O - . . Q [ 4]
w MmN 1w N -l © ~ o g
: N © o g T L
~ o~ [0'e N~ O N 1N ol e
o . I~ . e © H O 0 x L 2
8 Y ® e 284 co u°°
1 W0 1 H N !
YT T "
o~ o o
g < © M~ O ® m >Dod 0 -
[} » n . e O N © IIU lﬂ +
o — ) . @ o - s . - o d
o P I - D R B~ B - B | o © O n O
s >» 0 U
o ~ g
< ~ O 4 u
~ L 3 i =}
L) —~ ® o~ N > M
O u * * > & O
o i) EL N A 0 g
g B o o] g = PO &
o (0] ol W o S A n
o h ﬂ o} [ ] FERNNSE | Q -d [0}
& q o ] 3 g2 g g 4 o
~ o 0 & 4 (¢ ) Z BH M
nu n ~ H = v W
[} [o L] O > | g
- & H 5 v ¥ oo o 0 -
Q H o . 0 o4 & o & 0 g A& O ~ %
© 0 ¥ o O 0 O [N x %
B U M M- B Mo o S H M x *



95 P 3374 -15- Key to the tables Pol yepoxy resin EP 1:

Bi sphenol A bisglycidyl ether, epoxy value: 5. .78 mol/kg 5 EP 2:

Bi sphenol F bisglycr et her, epoxy valye: 6.18 nol/kg EP 3:

Tet-ragl yci dyl (ﬂsgrﬁ/r?‘(}g'?/‘}phenyl met hane, ep'olxj&/a'l ue: 8.76 nol/kg EP 4:

Bi phenyl glycidyl resin, epoxy value: 5.30 nol/kg 10 EP 5: Silicone
epoxy resin, epoxy value: 1.50 nol/kg Polyisocyanate resin |IC 1:

Di phenyl et hane:&di i socyanate (isoneric mxture), isocyanate value: 8.00
nol / kg I C 2: mol uyl ene diisocyanate (isonericnxtye), isocy- 15
anat e -val ue: 11050 nol £&kgeoHar densl W ia Cresol aowvol ake hydeoxyl val ue:
7.95 mol / kg H 23 Ph&hol novol ak,” hydroxyl vaPue® 8 90 fbl/k§ Reaction
accelerator 20~ RB 1: 2- phenyl i m dazol e RB 2:

1,8-d! azabi cycl@[5.4. Oloquec-?-_egelg U) Filler<k 1:5; S)g\ntheLlc silica,
spherical F 2: w  Oynt betHc silien,wmspintery » o ~ ©
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-19 - Patent 8i BB 3%, Fl ame-resi stagiyl y formutated, owabl €,
| atently reactive, phenolically curable epoxy-resin nDuIdlng conpounds for
the encapsul at pgieph @1&a4sONi C conponents, 5 characterized by - an

epoxy-resin conponent obtained froma solvent- free reaction resin mxture
of pol yepoxy resin and pol yi socyanate resin having a nolar ratio of the
epoxy groups ta.the ISW&%S@I@&&%I@ be‘mulated, flbw&blet,olét&n&lya

t t t f 20
ncocl erator | neReEsIYA 1 HAG T | L% h(RRFRGE 0P BcRIRARGESNi ne

oxi de in a conecemppanidsnfofr the encapsulatlon of electronic components,
5 characterized by

- an epoxy-resin component obtained from a solvent-

free reaction resin mixture of polyepoxy resin

and polyisocyanate resin having a molar ratio of

the epoxy groups to the isocyanate groups of

10 1.1:1 to 4:1 at a reaction temperature of up to

220°C in the presence of a reaction accelerator
in a concent?ation of 0.5 to 2.5% and using
triphenylphosphine oxide in a concentration of
0.05 to 10%, relative in each case to the reac-

15 tion resin mixture,

- a hardener component containing at least two
phenolic hydroxyl groups per moiecule,

- inorganic filler

- and standard additives.

20 2. Epoxy-resin moulding compounds according to Claim
1, characterized in that the polyepoxy resin is a difunc-
tional epoxy resin.

3. Epoxy-resin moulding compounds according to Claim
1l or 2, characterized in that the concentration of

25 triphenylphosphine oxide, relative to the reaction resin
mixture, is 2 to 5%.

4, Epoxy-resin moulding compounds according to one -
of Claims 1 to 3, characterized in that the epoxy-resin
component additionally contains a solid epoxy resin,

30 preferably up to 20% by mass.

5. Epoxy-resin moulding compounds according to one

or more of Claims 1 to 4, characterized



0.05 to 1'6% relative in each case to the reac- 1 r-esin
mxture, - a hardener conponent cont ai ning mﬂmﬂwlmﬂmw lic

hydr oxyl groug% %e 3n}q£ ecul e, - in 0ganl c fil'lef - $ and standard
addi tives. Epoxy-resin noul ding conpounds according to Caim

1, char aCt e“ %%E l:ﬂai:haéhé hgog_g%yepggyor%qg Nehd O&aﬂggfghggn%e&w

resin. oxy-resin noul ounds acc aiml or 2,
char act er| zed qunmaﬁewegmmmq aih%’n'l dfo B2 1. trj phenyl phosphi ne oxi de,

relative to the react 'Eiib:!ﬁ&‘éhﬁl &éﬁfdmé ol gori%sdfaccordlﬁgo&'r&;% n
moul disng conpounds accar di ng to_one of g ai s characterized in that

the epoxy-resi9¥ THRSoRENC1IadRE Lokal Py %L‘F‘f'i%r’az%llrrh thad Fheegodarsg-

preferably up :tastﬁi)%bytmsslahéimhc hﬁmylegu:augseuldh nahsom&umr
according to aone or ns. 1 to

Ao P EhEamelt | o RN SEgus A EReC RSV 28838 FOBPE oS
is 1.8:1 to 3nknt6.is. 0.5:Hpdey- lxle@;.nmﬂ&ha@yc(ﬂmjndsa &ri ng to one

or nore of Agnms 1 tg 6,%&;@%&9% JZ ﬂ %ﬁﬁ@s@l‘: 5r§1£§tltg And e
phenol i c hydroxyl gr oups ardener ent to t e epo groups of
the epoxy-resiof cBap®- afenflaimg. 3: 1teo 51 1°113:$‘F%¢%¥My101 7that o they: 1
10 hardener compound is a phenol novolak or a c¢resol novol-
ak.
8. - Epoxy-resin moulding compounds according to one’
or more of Claims 1 to 7, characterized in that the
content by mass of inorganic filler is 60 io 90%, prefer-
15 ably 70 to 85%. .
9. Epoxy-resin mould;ng compounds according to one
or more of Claims 1 to 8, characterized in that the
filler is synthetic silica. '
10. Epoxy-resin moulding compounds according to one
20 or more of Claims 1 to 9, characterized in that the
reaction accelerator is.a substituted imidazole or 1,8-

diazabicyclo([5.4.0]undec-7-ene.



. o

7. Epoxy-resin noul di ng conpounds according to one or nore of Cains 1
to°6, characterized in that the 10.hardener - conmpound is a phenol novol ak or

a cresol novogs @k 384 Epoxy-resin QPuLding conmpounds according to one
ot-nore of Clalns 0 7, characterized TN that the content by mass of

I norgani c fiIAg% +5cP0 to 90% prefer- 15 ably 70 to 85% 0.
Epoxy-resin nou 5lng conpounds according to one or nore of Clains 1 to 8§,
characterized in that the filler is synthetic silica. 10. Epoxy-resin

moul di ng co - 2EE9hUnBE189n§NEofound@s WAV Eng hdl 64é®-4ré@ Flame
characeterized 1n that ,the reaction accelerator is a substituted i mdazole

or 1,8- di azabFEIERBELEOR. 0] undec- 7- ene.
Flame-resistantly formulated, flowable, latently

reactive, phenclically curable epoxy-resin moulding

compounds for the encapsulation of electronic components

contain the following components: |

- an epoxyiresin component obtained from a solvent-
free reaction resin mixture of polyepoxy resin
and polyisocyanate resin having a molar ratio of
the epoxy groups to the isocyanate groups of 1.1
to 4 at a reaction temperature of up to 220°C in
the presence of a reaction acéelerator in a
concentration of 0.5 to 2.5% and using triphenyl-
phosphine oxide in a concentration of 0.05 to
10%, relative in each case to the reaction resin
mixture, '

- a hardener component containing at least two
phenolic hydroxyl groups per molecule,

- inorganie filler,

- and standard additives. -



