le = S’% Akt i engesel | schaft Si oxaggcont ar Nl ngEcaSLi mg—Testn

system . Tg.rrperat urfa- and col ouf - st 88 ns 3Ge
required as a cegeri AgshoE opt oel ectronic cof apaple of S
for*exanple for optoelectronic multichip 5 13} ﬁon paoeg""'?m paged el

Transparent col our-stable casting resins are "‘* ﬁbwn Poed - ex’aﬁmbmedff’ﬁm

DE 26 42 465. TEdymens pktfengesellabhsfenpl dy&daving(sishaatdi.ng. lERyeart:

LEDs capabl e of SM, so-cal | ed TOPLEDs. [Th¢Serdesi- Ns..a4 e fof ..onl Ny~

J(_A...-u ...... .

limted 10 suitability for covering conponents _of |arqge’ surfacé
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Siloxane-containing casting resin system.

Temperature- and colour-stable casting resins are

required as a covering for optoelectronic components
capable of SMT, for example for optoelectronic multichip
arrays.
' Transparent colour-stable casting resins are
known, for example, from DE 26 42 465. They are prefer-
ably employed for sheathing LEDs and LEDs capable of SMT,
so-called TOPLEDs. These resins are of only limited
suitability for covering components of large surface
area, such as, for example, for covering the abovemen-
tioned multichip arrays. Coverings of large surface area
of the known resins show cracks and adhesion problems
which occur, in particular, after temperature shock
treatment or after the solder heat required for solder-
ing. These can impair the optical and/or electrical
properties of the optoelectronic components.

The object of the present invention is therefore
to provide a casting resin which is suitable for covering
optoelectronic components, with which a heat-stable
covering which is also colour-stable over a relatively
long life can be produéed, and which avoids the disadvan-
tages of the caéting resins known for optoelectromnic
components. In particular} the moulded material should
resist high continuous operating temperatures of 125°C
and the exposure to heat during the soldering process.

This object is achieved according to the inven-
tion by a casting resin system according to Claim 1.
Further embodiments of the invention, in particular a
process for the preparation of the casting resin system
and a preferred use, are to be found in the sub-claims.

Surprisingly, it has been found that the epoxy
resin systems according to the invention modified with
siloxane solve the abovementiocned problem in an outstand-
ing manner. The casting resins, or their A-components,
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area, such aﬁor exanpl e, for covering the abovenen- . ti-oned multichip
aryays. Coverings of large surface area of the known resins show cracks
and adhesi on pr @8 emsl551 Evhi ch occur, in-parficular, after tenperature
shock 15 treatnment or after the sol der heat reqwred for sol der- i ng.
These can i npai razewaperceleamdand tragspazent. Theyogen: Res gfoxer at

optoel ectroni ¢ CUPNGRMperature for sevdf£l HUMAMHs #hithBRtPLCsEPELARYEL] | ON
'is therefore to provide Qastlggor95|n which is SUItab| for covering

20 opt oel ect r ortRETRAM T AEIT W EACHAFEIPH o 2pFE uCt"EBVéPl FRe
‘which is also codgustidd abbﬁteﬂer angelddd vséyprocelseaa lasf ec6ReR€ional

' produced, and which avoids the di,sadv, S e cast esi ps
'known for o oel%%‘f’f%rﬂa@q:lng Egﬁﬁﬁﬁén@ ‘flhe”b’aﬁ% Eﬁ?hﬁeﬁﬁtf‘gé{i of
;material shoul d e emstwtrdsiph mrnommdmemmhatin@.umqﬁ diyirleys Déic]

1125[err]C uring the sol dering process.
' This.object is antq?n r(g%’giaccor’ééf ng to Eehsg i nven- tion by a casting resin
' system accordi ng to O aidkthough thet Hopuldeddimaheniadie + whichyenanonbein

‘particular a 30 oHUDGESS #:Um 1¢ie RELPAL nﬁ'f&hﬂf éﬁﬁé@%dd&dﬁd eSYEhEM

‘and a preferred use, are to be found in_the sub-clains

; 10 invention by curing are flexibilized due to the addition
of the epoxyalkoxysiloxane, compared with the siloxane-
free moulded materials, they do not have the disadvan-
tages usually associated with this property. Thus, the
glass transition temperature of the moulded materials is

15 only insignificantly lower than that of a siloxane-free
comparison resin. The modulus of elasticity also remains
high, while the elastic properties are improved. The heat
resistance, which manifests itself in particular in a
lower rate of thermal degradation and in a higher decom-

20 position temperature, is improved. The moulded materials
here are clear and transparent. In the accelerated ageing
process, they display a high colour stability and meet:
the required specifications.

A particularly advantageous casting resin system

25 is obtained if the epoxysiloxane contained in the A-
component to the extent of 5 to 95 % by weight is pre-
pared by condensation of an epoxyalkoxysilane 1 with a

silanocl 2

OR1 ' R4
R2 — Si—— R3 H—- O — Si RS
R3 RS
n
1 | 2

wherein

30 R1 is an alkyl radical having 1 to 6 C atoms or an aryl

' /
radical, :
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Sur prt singl y it has been found that the epoxy resin systens according
te the invention nodified with si | oxane gol ve the abovenenti oned
problemin an 088sPabB85138 ing nanner. ¥h& €asting resins, or their

A- conponent s, _ . Dat a
2 Substit uR® shéeta glycigwlalyyd, epoxyabkyhtwr acl epexuayclieadkyir ent .

They can be stored afadicall OPhe!SppetfdidFd or several nonths without a
subst anti al increase in their viscosity or without a reduction in the

epoxi de cont ent®3andiREPPeRIPRLLESOF) gRecARRFheHNare ORl or R2 or
another alkyl or aryl radical,

5 R4 is alkyl or aryl, the radicals
R5 independently of one another are OH or R4 and
n is an integer, where 1 s n = 12.

This reaction can be carried out in a simple one-

pot reaction under normal conditions with respect to

10 atmosphere and pressure and with a minimum expenditure on
the process to give reproducible siloxane condensation
products in a very short time. The primary products are
readily compatible and can easily be mixed in all propor-
tions with commercially obtainable epoxides. Such

15 mixtures are stable to storage and can be crosslinked
with the carboxylic anhydrides customary for casting
resin technology.

The epoxyalkoxysilane 1 carries 1 to 3 alkoxy
groups which are capable of condensation. The radical R1

20 can be chosen as desired, but is preferably an alkyl
radical having 1 to 6 C atoms, since the reactivity of
the group to be split off during the condensation
decreases with increasing chain length of the alkyl
radical. The most reactive starting compounds are thus

25 epoxymethoxysilanes 1. Since alcohol is split off during
the condensation, the alkyl group R1 can also preferably
be ethyl, because of the acceptability of ethyl alcohol.

Monomeric epoxyalkoxysilanes 1 are preferred,
because of their easier availability, but the reaction is

30 in principle also possible with correspondingly longer-
chain alkoxysiloxanes.

Longer-chain silanols 2 which contain the OH
groups in the alpha-position, alpha- and omega-position
or in the chain are relatively easily available and also

35 relatively inexpensive. The further organic group R4
bonded via SiC is not critical with respect to its choice
and can be any desired alkyl or aryl radical. The index
n, which determines the number of siloxane units, can be

chosen freely between 1 and 12. Depending on the other
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5 epoxy casting resins. The chenmi stry and the reactivity of t he epoxy

resin is not adversely influenced by by [sic] t he
epoxyal’koxysi | o)ggnes.1551 E Al t hough 4 2 noul ded materials which can
be - obtained fromthe casting resin systemaccording to the 10

i hventi on by cumadgcarls f lomievies,z ach dusstensing dddicipatibilityf dfethe
epoxyalkoxysilo e e e

mat eri al s, they 0 not f{g_\@/,% %%%ibs%%vé%bb%gﬂ%uﬂéoﬁ%aﬁ y a?so%?%
with this propemijth imereasiag chaip &999than\shwbrnmrm®emhheﬁrtm

moul ded materi aljg I&é%amﬂg@éeml seah! xel:ewaingh% hid véhtion

B
si |l oxane-free npar.i sQn resin. ge nodul us of elasticity al so remains
hi gh, while% he“@ré‘stdl"(,ff&f:b‘ﬂé?r eredmpogsihieoved. The heat resi st ance,

whi ch manifests itself mep&rata:.@anam echtainingO\epoxidet gHfougie iR the
degradation and in _a,higher dec & on t, rrperature S | nproved.
The moul ded nat (ﬁ'tla&'té' °°HE’PHI’ é% %?fij tt°r§|’r §&8PEnYia 3 ¢ptom and

‘accel erated ageicap othepwisesbe ¢memm@y.am| ghanémlrgJaicﬂimjlath}and
gg\e/;nt agewg fr:gg#: Lg’qr e%% s?yls ! Oggbxygrg%t é’lrneﬁpéﬁ?% %%/’il | TR
“cont ai ned i1® t hdepending on the availability of the correspond:.ng
' epoxyalkoxysilane. The corresponding glycidyloxy com-
pounds which are obtained by reaction of correépo_ndingly
reactive compounds with epichlorohydrin are readily
available. |
15 A condensation catalyst may be necessary to
assist the reaction, depending on the reactivity of the
starting substances, which may be hindered electronically
and sterically. There are nc limitations on the catalyst
~ in respect of the reaction itself, so that any desired
20 condensation catalyst. is suitable. A prerequisite is,
however, that the catalyst does not influence the epoxide
group and likewise does not impair the storage properties
and the curing process of the casting resin system. An
ideal catalyst therefore has neither a decidedly basic
25 nor a decidedly acid reaction, and in the ideal case is
neutral.
The reaction of the starting substances 1l and 2
can be carried out in solution or as a bulk reaction.
Preferred reaction temperatures are between 80
30 and 150°C, wvolatile reaction products preferably being
blown out in an open reaction vessel by passing in a.
stream of inert gas. The storage life and stability both'
of the epoxyalkylsiloxane and of the casting resin system
are increased in this way. The storage stability of the
35 casting resin system can be increased by heating the A-
component under an applied vacuum.
The condensation of 1 and 2 is preferably carried
out under approximately stoichiometric conditions, so
that approximately the same number of groups capable of
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conpohent to the extent of 5 to 95 %by weight is pre- - pared by
condensation of an epoxyal koxysilane 1 with a silanol 2 [err]
wherein 30 [ePP]P 1|5§1aﬁ: al kyl radical hdving 1 to 6 C atoms or an aryl

radi cal ,
condensatlon dre available in both ¥eaction partners,

that is to say hydroxide groups in the silanol 2 and
alkoxy groups in 1.
The process for the preparation of the casting
5 resin system aécording to the invention is described in
more detail below with the aid of embodiment examples.
Preparation of the siloxane-modified A-component:
3-Glycidylpropyltrimethoxysilane (GPT), which is
already known as an adhesion promoter for epoxy resins
10 and is admixed to customary epoxy resins in amounts of
about 0.25 per cent, is used as the alkoxysilane 1.
a,w-Propylphenylsilanediol (PPS) is chosen as the silanocl
2.
57.8 g of PPS are added in portions to 11.8 g of
15 GPT (50 mmol) at 120°C in the course of 15 minutes. The
amount of silanol is chosen such that amounts of OH
groups equivalent to the methoxy functions are available
for the condensation. The solid PPS dissolves, with
evolution of methanol, and a highly viscous siloxane
20 condensate forms. During this procedure, the reaction
mixture is stirred at 120°C for a total of 4 hours, while
distilling off methanocl and passing over nitrogen at the
same time. This methanol-containing condensate comprises
various siloxane products and is processed directly with
25 the desired amount of epoxy casting resin at 120°C to
give a storage-stable siloxane-containing A-component.
~For this, an epoxyalkylsiloxane (siloxane conden-
sate) prepared as above is mixed in various mixing ratios
with the cycloaliphatic epoxide CY 179 (3,4-epoxycyclo-
30 hexylmethyl 37”,4’ -epoxycyclohexanecarboxylate,
Ciba-Geigy) . ’
For example, the viscosity at 60°C and the
epoxide value of an A-component comprising four parts of
siloxane condensate and one part of CY 179 change only
35 slightly after storage at 60°C for 6 months. During this
periocd, the viscosity riseé from 120 to 160 mPas and the
epoxide value drops from 0.581 to 0.574 mol/100 g.
The following table shows some properties of
mixtures V1 to V4, which are compared with the known pure
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3 " R2 is a glycidylal kyl, epoxyal kyl or an epoxycycl oal kyl

rqdical, the two radicals R3 independently of one another are ORl or
R2 or sanpt pgs1akkyl or aryl radigal, 5 R4 is alkyl or aryl,
the radicals R5 independently of one another are OH or R4 and n
IS an integer, epelealiphatic lépoxide in Experiinenti &Gt i on can be carried
out in a sinple one- pot reaction under nornmal conditions with respect
to 10 atnosphere and pressure and with a mni mum expenditure on t he
process to g|veCh@paeﬂﬁ%i%t%Csiaﬁkamé thenderecmpanents products in a very
short tinme. The primary products are readily conpati ble and can easily

be m xed in al | —proper t--0n m‘fhfﬂnnnerPLaLLX_nbLaLnahLe_epndees
Such 15 m xturles are stableveo s{orage and camzbe ¢rosssinkdd wvs wilth

t he carboxyl i c [erhyarades—etustenaty—for—eadting

Epoxide 0.73 0.58 0.39 0.26 0.20
value

5 {mol/100g)
Condensate 0 20 50 70 80

content (%)

Viscosity 40 120 240 5,800 7,000
7 (60°C)
10 (mPasg)
n, (20°C) 1.498 1.505 1.513 1.518 1.518
Coloux water-clear, | water-clear, [ vater-clear, | water-clear, | water-clear,

transparent transparent | transparent transparsnt transparent

Production of a transparent moulded material

The content of cycloaliphatic epoxide determines
15 the viscosity and the epoxide value and thus the process-
ability of the A-component prepared by mixing, to which
a stoichiometric amount of B-component is added, accord-
ing to its epoxide content. This comprises a carboxylic
acid anhydride, which can be partly esterified with an
20 alkyl alcohol. Suitable anhydrides are, £for example,
(methyl-) tetrahydrophthalic anhydride or (methyl-)hexa-
hydrophthalic anhydride. Hexahydrophthalic anhydride
which is mixed with 13 parts by weight of the correspon-
ding monoethyl ester per 100 parts by weight is chosen
25 for the embodiment example. A metal complex catalyst, for
example zinc octoate, is added to the casting resin
system as an accelerator. Other additives customary for
casting resins can also be admixed in small amounts.
Other possible accelerators are, for example, colourless
30 metal chelate compounds, preferably of Al, Zn or Zr with
anions of organic acids, for example with acetate,
acrylate, benzoate, salicylate, octoate or acetylaceto-

nate. .
The curing is carried out at 150°C, for example,
35 and has ended completely after four hours. _____———————‘—‘—"—~
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resin it echnol ogy. The epoxyal koxysilane 1 carries 1 to 3 al koxy
groups which are capabl e of condensation. The radical RL 20 can be chosen
as desi‘red, but 93s prsfsar @&ly an al kyl - 7radical having 1 to 6 C atons,
since the reactivity of the group to be split off during the
condensati on decr edhes velativelradiigh cheah |xmwjistagice hefalthese
radical . The mMogouied inktextiild Nt GUHIAURMLY & T;f'x"fmp?%xperments up

epoxynet hoxysi | anes 1. Sl nce al cohol 1s split dur.i ng

condensation, tFe RAAIC g R sage aﬁ%ﬂf%ﬁ%%ﬂ%hmlsnbe‘%t%e%ause
of the accept abiiln tahena‘e Letwith alriededsing siloxane JéHYEHY,| Che rate of

| k I d t hei
e labi 1 e boewndideR Aftreinns aad FRRPRTYLERESE, BT LE (nd
correspondi ngl y ﬁrmwg:@mbustimhaiaszd\ﬂeoi;mrle“ases Longer chain
silanols 2 which contai ‘1' hgno dhﬂt%li&%llsl’l agéevceile%tla ag&f &ag{ls %}:aand

and omega- position arn are relatl easi 1y avan
al so 35 rel ati waidy alﬂexpéﬁm \Féle ﬁtPudemmebabhg&nﬁ@ gr3oup Matlngbd:mjed

via SiCis not olgigleicCgopWist f&erc%m%cteaha tigeghoi ce and can be any
~desired aIkyI or aryl radical. The jndex
: Glass transition temperatures T and moduli of

elasticity are determined with the aid of solid cured
components of moulded materials:

Influence of the siloxane content on the Tg and modulus
of elasticity:

vo vl v2 V3
15 Condengate content (%) 0 20 50 80
Modulus of elasticity 2,800 2,750 2,500 2,200
{(20°C) (N/mmH2) [sic]
T, (tandy,,) 177 170 153 99
(°C)
20. tané (Tg) 0.976 0.855 0.654 0.601

The absorption of water (7 days at 23°C) is
reduced for all the moulded materials produced according
to the invention compared with V0.

A multichip array covered with the casting resin

25 according to the invention iz tested at operating tem-
peratures of 125°C, and inbetween is subjected to 100
temperature cycles of -55 to +125°C and finally twice to
soldering conditions of heating to 260°C for 5 seconds
each time. No cracks or other changes at all occur in the

30 covering. The component is unimpaired in its electrical
and optical properties.

The positive propert::.es of the casting resin
system according to the invention are achieved here not
only with the embodiment example given by way of example
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n,. whi ch determ nes the nunber of siloxane units, can be chosen freely
between 1 and 12. Dependi ng on the ot her .
4 * SubstitaR e stERY E 2 July 1996 - 8 Jadicals, however, an

i ncreasing inconpatibility of the condensati on products
(epoxyal kyl si | Xithealsenyitbsary desired: pilexangsiaepdemsate and hwithi ch

- may render theigpJifesired b?okﬂaeﬁaséﬁi‘ﬂaﬁfé'd&s‘éﬁ{g@%%@.ﬁoéﬁ‘bﬂ%t Psi@ﬁz
invention 5 nore difficul i mpossi b radi cal

contai ning epox§afe drouFstHst t regether, t’éﬁ*FPnga{':bﬂBﬁﬁhﬁ 1204 | RFIRALLS

sili anl v: a ? Q_,mmysmobthers,cam cp&ﬂwmﬁoa:uamasaééeew bfEpkenobe a
gl ycidyl a

dependi ng n 1}he"‘“:(’)‘%va 1:E%)1( ?;ki/%]?ep%)%%ar%%?qwox f%c ‘%?i ky‘la' ggg? 0
aliphatic and cycloaliphatic epoxides or any other
desired epoxides, for example those obtained by epoxida-
tion of unsaturated compounds.

Moulded materials dyed with appropriate dyestuffs

10 also still show no change in colour at all after months.

_—
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epoxyal koxysi | ane. The correspondl ng gl yci dyl oxy con¥: “pounds whi chiare

obt ai ned by reaction of correspondingly reacti ve
epi chl or ohydrin SﬁePrleaﬂlly avail abl e. 915 mm Hmm
catal yst may be necessar assi st the reactlon * ng on

reactivity of theatent Gfﬁ ¥®Bng substances, which may be hi nder ed
electronically 1. and §ifsx&éldontddEisn reaaelﬁgmﬂe%&honéy@&ﬁ h%h;ch

cat al yst in respect of the reaction | sO _.that any desjred_20
condensati on catZPFRFIPES iTefin CORPORERS A |%¥‘§e"“'r deast ong,GaykePxyLast

the catal yst doesei@tanlifdride s khecpOr¥ifl§ comporfrt!B,aktliel AKoVMPOnERELS
not inpair the Stf "?f]\g’? ro ertjes and the curing process of the
casting resi e COmPTIBRAI catal yst therefore has neither a

deci dedly basic 5251:0 D% abxle&ce:hhtl: yoﬁoe;cbx}wldtyr]milcamhe manidhe i deal case
S neutr al the starting substances 1 and
2 - can be carsrl%c(,:l %ut ¥1 t|on o iCHe bul k reactlgn

Preferred reacti®dn terrpefF%ﬁ‘GHﬂ& aeelaetav@et@me@mrdm t60CdmiC 1 voliati |l e

reaction productgn el ghablas cigiplfient cdip?¥hed!tadiy @ (U b €3cbhaRic
vessel by paSSIrELérLycloalzphatlc di- and tetracarboxylic acids.
3. Casting resin system according to Claim 1 or 2,
in which the B-component comprises, for flexibilizatiom,
a carboxylic acid anhydride which is at least pértly
esterified with alcohols.

15 4. Casting resin system according to one of the
preceding claims, in which the epoxyalkylsiloxane is the
reaction product of a silanol with an epoxyalkoxysilane.
5. Casting resin system according to Claim 4, in
which the epoxyalkylsiloxane is obtained by reaction of

20 the epoxyalkoxysilane (1) with the silanol (2)

'ORl : 'R4 '
R2 — §i~—— R3 Ht 0 — si RS
R3 RS
| | n
1 2

wherein
R1l is an alkyl radical having 1 to 6 C atoms or an aryl
radical, '
R2 is a glycidylalkyl, epoxyalkyl or an epoxycycloalkyl
25 radical, the two radicals
R3 independently of one another are ORl1l or R2 or
another alkyl or ary'l radical,
R4 is alkyl or aryl, the radicals
R5 independently of one another are OH or R4 and
30 n is an integer, where 1 s n = 12.
6. Process for the preparation of a siloxane-con-
taining casting resin system comprisinag the following
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stream of inert gas. The storage life and stablllty bot h of the
epoxyal kyl si | oxane and of the casting resin systemuﬂlnﬂuﬁlﬂwﬂnt“ﬂﬂged in
this wdy. The st@ &ya5$la ity of the 35 10casti n be
i ncreased by heating the A conponent under ar afpl Fed vacuum

The condensati o®t®®P8t and 2 is preferably carried out under

approxi mat el y stg9i chixQaRitibh 68NEhé | Qitsrysikoxysi bl 1%@&9&1@@@&%&5@
same nunber of groups ca abl e of

Substitute sheet - epoFysiloxaprqbring shtairedvail able in both

reaction partnerbs mx;.hgabflsnéce;fcmyémﬁudimghoap@yubir@&iwwr

and pry groups _in. 1. The Process f,or tPe preggration
aromatic epoxide in a ratio of 1 : to

of the casti
20 : 1,

c) provision of a B-component comprising a carboxylic
acid anhydride.
7. Process according to Claim 6, in which step a) is

10 carried out -in the presence of a neutral condensation
catalyst in the range of pH 5§ to'pH 8.

8. Process according to Claim 6 or 7, in which,
after step b), the casting resin system is subjected to
a heat treatment in vacuo.

15 9. Process according to one of Claims 6 to 8, in
which the reaction according to step a) is carried out
under stoichiometric conditions, so that one alkoxy group
in 1 is available per OH group in 2 capable of condensa-
tion.

20 ilc. Use of the casting resin system according to one
of the preceding claims for covering optoelectronic

components.
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5, resin systemaccording to the invention is described in nor e

detail below with the aid of enbodi ment exanples. Preparation of the
si | oxane-nodi fi ed &- e8BmORenNt : - 11 =
3-dycidyl propyl trinethoxysilane (GPT), which is al ready known as an
adhesi on pronot 3bstyacgpoxy resins 10 and is adm xed to customary epoxy
resins in anmounts of about 0.25 per cent, is used as the al koxysil ane
1. [err]-PrggyIphenylsilgngdiol (PPS) is chosen as the silanol 2.
57.8 g of PPS afélonasg-FAnpairiBgscestinggrgssr s¥stempT (50 mol) at
120[err]Cin the course of 15 mnutes. The amount of silanol is chosen
such that amounts of COH roups equival ent to the nethoxy functions are
avai | abl e for the 6oﬁaéﬁg’3@i eeinareteny %%ﬁ%‘ébﬁ?é’&%%%’- °

evol ution of neiyhasnl ,coafiskreds gl ymikseoes cfi | egeRgallyl siDogenest @addor ns.

During this procedure,.the,_.react] piXture i s ir at_120[.err]C
for a total of &Yﬁgﬁ?&f‘@gﬁﬁ‘g e:d'c’%d}'idé‘?’l | 1 f"ﬁg (ﬁﬁopr?eat%ano#ggnd cp?zirse#lr?& over
ni trogen at theoptoelsatwotnigecodporentt haiel - (The adasd i creskins #@ys tem

conpri ses i j ags A" adug i I e?ﬁg, J t j 25
t he desired armé%'f1 g#bse%{é)tg&casfpng reé?ﬁaggl%goﬁgrrﬁ] t SHEE 2k e
- curing component B to give transparent and colour-stable

moulded materials.
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gi ve a storage-stable siloxane-containing A conmponent. . . : For

t hirs, an epoxyal kyl si |l oxane (sil oxane conden- sate) prepared as above

is mixed in various mXxing ratios with the cycl oaliphatic epoxide CY

179 (3, 4-epoxycyclo- 30 hexyl net hyl 3, 4' - epSuperitbteshedie

C ba- Gei gy) . For exanpl e, the Vi scosi t atzz@@[,erm HoN

epoxi de val ue of BAREAHLOREIGR eﬁgfﬁééﬁéfg four parr%cf‘ :

condensate and one part of CY I79 ange only 35 S|grgh :ﬁ___)a

.at 60[err]C for 6 nonths. During this peri od, th (§9,s§ -
120 to 160 nPas an t he Eom de val ye drops fr ﬁc‘gt‘g 42 ¢ N
nol / 100 g. iloxanerGontafpiRy nGRE SRS SRR Hroper t | dasg] Ao pagsd.<,

m xtures V1 to V4, which are conpared with the kno
p BATE OF RECEIPT3JUL1996
Temperature- and colour-stable

required as a coverzng for optoelectronic components
capable of SMT, for example for optoelectron:.c multichip
5 a.rrays.

' Transparent colour-stable casting resins are
known, for example, from DE 26 42 465. They are prefer-
ably employed for sheathing LEDs and LEDs capable of SMT,
gso-called TOPLEDs. These resins are of only limited

10 suitability for covering components of large surface
area, such as, for example, for covering the abovemen-
tioned multichip arrays. Coverings of large surface area
of the known resins show cracks and adhesion problems
which occur, in particular, after temperature shock

15 treatment or after the solder heat required for solder-
ing. These can impair the optical and/or electrical
properties of the optoelectronic components.

The object of the present invention is therefore
to provide a casting resin which is suitable for covering

20 optoelectronic components, with which a heat-stable
covering which is also colour-stable over a relatively
long life can be produced, and which avoids the disadvan-
tages of the casting resins known for optoelectronic
components. In particular, the moulded material should

25 resist high continuous operating temperatures of 125°C
and the exposure to heat during the soldering process.

This object is achieved according to the inven-
tion by a casting resin system according to Claim 1.
Further embodiments of the invention, in particular a

30 process for the preparation of the casting resin system

and a preferred use, are to be found in the sub-claims.

. Surprisingly, it has been found that the epoxy
resin systems according to the invention modified with
siloxane solve the abovementioned problem in an outstand-

35 ing manner. The casting resins, or their A-components,

Thos is tl're replacement:s shnt

03-JUL 8%

Date:



6 cycl oal i phatic epoxi de in Experinent VO Characteristic data

of -t he A-conponents VO \A V2 V3 _
V4 Epoxi de 0.73 0. 58 0. 39 0. 26 0. 20 val ue
5 . (mol/100g) Condensat e 220 sybditute shddt - 2 Jul %% 6
content (% areVwatey-tlear4dnd transpdPent. TREY can e MEored. 990

Lerr] (60ferr]©) rc::Lgm tgggggture for several months without a substantial

increase in their viscosity or without a reduction in the
epoxide content, and can be processed as conventional
5 epoxy casting resins. The chemistry and the reactivity of
the epoxy resin is not adversely influenced by by [sic]
the epoxyalkoxysiloxanes.
Although = the moulded materials which can be
obtained from the casting resin system according to the
10 invention by curing are flexibilized due to the addition
of the epoxyalkoxysiloxane, compared with the siloxane-
free moulded materials, they do not have the disadvan-
tages usually associated with this property. Thus, the
glass transition temperature of the moulded materials is
15 only insignificantly lower than that of a siloxane-free
comparison resin. The modulus of elasticity also remains
high, while the elastic properties are improved. The heat
resistance, which manifests itself in particular in a
lower rate of thermal degradation and in a higher decom-
200 position temperature, is improved. The moulded materials
here are clear and transparent. In the accelerated ageing
process, they display a high colour stability and meet
the required specifications.
A particularly advantageous casting resin system -
25 is obtained if the epoxysiloxane contained in the A-
component to the extent of 5§ to 95 % by weight is pre-
pared by condensation of an epoxyalkoxysilane 1 with a

silancl 2

ORL | .-
R2— Si— R3 H O — Si RS
R3 RS
n

X 2
_ wherein
30 Rl is an alkyl radical having 1 to 6 C atoms or an aryl

radical,
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[err] (20[err] Q) 1.498 1. 505 1.513 1.518 1.519 Col our
water-clear, water-clear, water-clear, water-clear, water-clear, -
transparent transparent transparent transparent transparent '

Production of a transparent noul ded matagri al Substitute she&e Zdutyeﬂl996f

cycl oal i phatic epmg de maegnyéw@yﬂﬂkylh@pd:@m&yuyoa%téﬁwmmﬁﬂ”e
and thus,  the process- alil 5#% ﬁf t he ,A- conponent prepared by m xi ng,
to which a stoi chi% o CAe oFag 88’ onent is added, accord-

ing to its epoxi dRXkontiswdepefidentiynpof semen aavhheyl| iare ORlacod R2 or
anhydri de, which can bmrhi&.yaggg?rbp ggyyyl Lgﬁﬁg?f al kyl al cohol .

Sui tabl e anhydrides are, for j tetrahydrophthalic
anhydride or (et RA -) iferdkyl or hy‘ﬁlephhharadlanhydrl de.

Hexahydr opht hal i ¢ ggnhydhigd@endent i 68 bﬁenﬁgg%&tgré:z% P skﬁyary@' ght of

t he correspon- di ng nonoet hyl “ester parts by weight 1's chosen
25 for the embod rrent’-se?&rrﬁPéegﬁrne\'hFrEo#pFeR gatdt yst, for exanpl e

zinc octoate, is added torThhe £a88&étidn &t lbe carrS)kd! 8t afn A A&iAlL bRAROS -
Qther additives le:%ttonara/ct:.on under normal conditions with respect to
10 atmosphere and pressure and with a minimum expenditure on
the process to give reproducible siloxane condensation
products in a very short time. The primary products are
readily compatible and can easily be mixed in all propor-
tions with commercially obtainable epoxides. Such
15 mixtures are stable to storage and can be crosslinked
with the carboxylic anhydrides customary for casting
resin technology.

The epoxyalkoxysilane 1 carries 1 to 3 alkoxy
groups which are capable of condensation. The radical Rl

20 can be chosen as desired, but is preferably an alkyl
radical having 1 to 6 C atoms, since the reactivity of
the group to be split off during the condensation
decreases with increasing chain length of the alkyl
radical. 'The most reactive starting compounds are thus

25 epoxymethoxysilanes 1. Since alcohol is split off during
the condensation, the alkyl group R1 can also preferably
be ethyl, because of the acceptability of ethyl alcohol.

Monomeric epoxyalkoxysilanes 1 are preferred,
because of their easier availability, but the reactiomn is

30 in principle ‘also possible with correspondingly longer-
chain alkoxysiloxanes.

Longer-chain silanols 2 which contain the OE
groups in the alpha-position, alpha- and omega-position
or in the chain are relatively easily available and also

35 relatively inexpensive. The further organic group R4
. bonded via SiC is not critical with respect to its choice
and can be any desired alkyl or aryl radical. The index

n, which determines the number of siloxane units, can be

chosen freely between 1 and 12. Depending on the other
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casting resins can also be adm xed in small anounts. O her possible
accelerators are, for exanple, colourless 30 netal chelate conpounds,

preferably of A, Zn or Zr with ani ons of organic aci ds, for exanple
w th acetate, acrylate, benzoate, saficyl at eg,pst hBbt 2EhY apgég
nat e. ur |J:?g Lant) u 1 I 5
and has ended corrﬁld-g{éﬁl Gur og'rgs?%etasghg igL%m Qh'b %'t?(% the

7 Subst i t utconsleasation JpreduCsn (epoxyalkylsilopanesd| amay elnesmilgh
heat resi stance g if\3strenniaiubed TBAGLA i GO iRt knET DR
experinments up 800[errJC. A two-s radat’i on mechanismis -

obser ved m%é’s‘? 98 Fing cresdn n@Y%‘F%xﬁWMQnF" the Agvengion
5 more difficult or impossible.

The radical R2 containing epoxide groups in the
starting compound 1 is bonded to silicon via a C atom and
can otherwise be chosen freely. R2 can be a glycidylalkyl
or . an epoxyalkyl epoxyaryl or epoxycycloalkyl group,

10 depeﬁding on the availability of the corresponding
epdxyalkoxysilane. The corresponding glycidyloxy com-
pounds which are obtained by reaction of correspondingly
reactive compounds with epichlorchydrin are readily'
available.

15 A condensation catalyst may be necessary to
assist the reactionm, depending on the reactivity of the
starting substances, which may be hindered electronically
and sterically. There are no limitations on the catalyst
in respect of the reaction itself, so that any desired

20 condensation catalyst. is suitable. A prerequisite is,
however, that the catalyst does not influence the epoxide
group and likewise does not impair the storage properties
and the curing process of the casting resin system. An
ideal catalyst therefore has neither a decidedly basic

25 nor a decidedly acid reaction, and in the ideal case is
neutral.

The reaction of the starting substances 1 and 2
can be carried out in solution or as a bulk reactiomn.

Preferred reaction temperatures are between 80

30 and 150°C, volatile reaction products preferably being
blown out in an open reaction vessel by passing in a
stream of inert gas. The storage life and stability both
of the epoxyalkylsiloxane and of the casting resin system
are increased in this way. The storage stability of the

35 casting resin system can be increased by heating the A-
component under an applied vacuum.

The condensation of 1 and 2 is preferably carried
out under approximately stoichiometric conditions, so
that approximately the same number of groups capable of

| This is the replacement shest
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5 degradation decreases ‘and the particul ar pyrolysis and t he

conbusti on residue increases. .~ The noul ded materials are clear

and transparent and all pass the soldering bath test (3 x heating to

:26QC for 5 seconds each tinme). 10 5 G assS‘JBQﬂﬁJtE'%ette@ghg u@?’%
|

Lerr] and modul | c8haengarEbaStdl { ¥val falel Chll Mk Labbior! 3
cured conponents of terra nfluence o
si | oxane cont ent t8att Hes [ 8@ r Payndvdranige groups é#aé:heclﬁllylanﬂ 2 and

VO V1 al)@ ro¥Bs iR 1.Condensate content (% O 20
50 - 80 Fus of el asticj try 2, 800 2, 750 2, 500
2.200 (20[err] 0 (RIPFmﬂZ‘PcF§FC] or the preparation of the casting

5 resin system according to the invention is described in
more detail below with the aid of embodiment examples.
Preparation of the siloxane-modified A-component:

| 3-Glycidylpropyltrimethoxysilane (GPT), which is
already known as an adhesion promoter for epoxy resins
10 and is admixed to customary epoxy resins in amounts of
about 0.25 per cent, is used as the alkoxysilane 1.
o,w-Propylphenylsilanediol (PPS) is chosen as the silanol
2.
57.8 g of PPS are added in portions to 11.8 g of
15 GPT (50 mmol) at 120°C in the course of 15 minutes. The
amount of silanol is chosen such that amounts of OH
groups equivalent to the methoxy functions are available
for the condensation. The solid PPS dissolves, with
evolution of nietha.nol, and a highly viscous siloxane
20 condensate forms. During this procedure, the reaction
mixture is stirred at 120°C for a total of 4 hours, while
distilling off methanol and passing over nitrogen at the
same time. This methanol-containing condensate comprises
various siloxane products and is processed directly with
25 the desired amount of epoxy casting resin at 120°C to
give a storage-stable siloxane-containing A-component.
For this, an epoxyalkylsiloxane (siloxane conden-
sate) prepared as above is mixed in various mixing ratios
with the cycloaliphatic epoxide CY 179 (3,4-epoxycyclo-
30 hexylmethyl 37,4’ -epoxycyclohexanecarboxylate,
Ciba-Geigy). ' ‘
For example, the viscosity at 60°C and the
epoxide value of an A-component comprising four parts of
siloxane condensate and one part of CY 179 change only
35 slightly after storage at 60°C for 6 months. During this
period, the viscosity rises from 120 to 160 mPas and the
epoxide value drops from 0.581 to 0.574 mol/100 g.
The following table shows scme properties of

mixtures V1 to V4, which are compared with the known pure
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[err] [err] 177 170 153 .99 - ([err]CQ 20
[eFr] 0.976  0.855 0.654 . 0.601 The
absorption of water (7 days at 23[err]C) is reduced for all the

moul ded materials produced according 6to the Sﬁﬁﬂiﬁdt@@heeﬂparmngggs

VO '.&m& ra?é' xg er;ed ; cgating resin 2
according to the <|2A¥|“Tr/&ejcl’ngtjl' on |siaéte te %\gt l%pgrgég:er}r%ll?gm%' peratures of
125[err] C, and inbetween is subjected to 100 tenperature cycles of -55
to +125[err] C antcid b erisdice daka of thel Aeldoiponendit i ons of heating to
260C for 5 seconds each time. No cracks or other changes at all occur
in the 30 cover.ing. The conponent is uninpaired in its electrical
~and optical propérties. vo Thg pos|tive, properties of thg, casying
resin syst er | o the iinventionl are achipved herelnot
only with the enjegi.pent exanple gilvenghy way of, gxanpl eq. 0.20
: - value
5 (mol/100g)
Condensate 1] 20 50 70 80
content (%) '
Viscosity 40 - 120 240 5,800 7,000
7 (60°C)
10 (mPas)
o, (20°C) 1.498 1.505 1.513 1.518 1.519
Colouxr watar-cleaz, | vater-clear, | wvater-clear, | watar-clear, | vater-clear,
transparent | transparent | transparent transparent tranaparent

Production of a transparent moulded material
The content of cycloaliphatic epoxide determines
15 the viscosity and the epoxide value and thus the process-
ability of the A-component prepared by mixing, to which
a stoichiometric amount of B-component is added, accord-
ing to its epoxide content. This comprises a carboxylic
acid anhydride, which can be partly esterified with an
20 alkyl alcohol. Suitable anhydridea are, f£for example,
(methyl-) tetrahydrophthalic anhydride or (methyl-)hexa-
hydrophthalic anhydride. Eexahydrophthalic anhydride
which is mixed with 13 parts by weight of the correspon-
ding monoethyl ester per 100 parts by weight is chosen
25 for the embodiment example. A metal complex catalyst, for
example zinc ‘octoate, is added to the casting resin
system as an accelerator. Other additives customary for
casting resins can also be admixed in small amounts.
Other possible accelerators are, for example, colourless
30 metal chelate compounds, preferably of Al, Zn or Zr with
anions of organic acids, for example with acetate,
acrylate, benzoate, salicylate, octoate or acetylaceto-
nate.
The curing is carried out at 150°C, for example,
35 and has ended completely after four hours.
| This is the replacement shest
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8 Substitute sheet - 2 July 1996 but also with any desired
si koxane condensate and with any desired epoxides. Suitable casting
resin system|[sic] can be m xed together with aliphatic and aromati c -

glycidyl ethers, in particular those basef on bi Sustitlite Sheét - Qﬂ_ﬂ_ﬂgﬁsggnd

with corresponding gl yehdylre S ffely bi gndddiie! Les2adasye! QY | BHgkkC
epoxi des or any ot i red, ep OXIdeS for exanple those, obtained by

epoxi da- B‘ﬁﬂg#e&n?&f:ﬁf"iﬁéd &anﬁeeﬁasmed *by 71/brX eXBEF B REt BP al s

dyed with approptbaiaeodwesmuftfw-bﬁageah&g—r&tihk:hoﬁhﬁ&lcnﬂnﬁbanﬂe bBsegleyr at

all after nDnthszn these. With increasing siloxane content, the rate of

5 degradation decreases and the particular pyrolysis and
the combustion residue increases.

The moulded materials are clear and transparent
and all pass the soldering bath test (3 x heating to
260°C for 5 seconds each time).

10 Glass transition temperatures Tg¢ and moduli of
elasticity are determined with the aid of solid cured

components of moulded materials:

Influence of the siloxane content on the Tg and modulus

of elasticity:

vo vi v2 va
15 Condensate content (%) 0 20 50 80
Modulus of elasticity 2,800 2,750 2,500 2,200
(20°C) (N/mmH2) [sic]
Tg (tandy,,) 177 170 153 93
(°C)
20 tand (Tg) 0.97§ 0.855 0.654 0.601

The absorption of water (7 days at 23°C) is
reduced for all the moulded materials produced according
to the.invention compared with V0.

A multichip array covered with the casting resin

25 according to the invention is tested at operating tem-
peratures of 125°C, and inbetween is subjected to 100
temperature cycles of -55 to +125°C and £f£inally twice to
soldering conditions of heating to 260°C for 5 seconds
each time. No cracks or other changes at all occur in the

30 covering. The component is unimpaired in its electrical
and optical properties.

The positive properties of the casting resin
system accdrding to the invention are achieved here not
only with the embodiment example given by way of example
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9 Substitute sheet - 2 July 1996 Patent cl ai s 1.
Si-l oxane-contai ni ng casting resin system which conprises a resin
conmponent A and at |east one carboxylic acid anhydride as the curing

conponent B, the A-conponent 5  of -whi @ conpriSubstitute sHedte Iy bgge

wei ght of epoxyaidwlslé@x\aﬂehaaﬂy des:.95dt Q:Lio%ﬂ¥ %haahsai:eew
2. Casting resi,n s accor di

B- conponent conmifi¥s &&3 %ﬁ;q‘dﬂ’aﬁé 57 gce fﬁsnﬁﬁd‘f?ﬁ’oﬁﬁ‘bﬂt ﬂb’“ﬂl -
and tetracar boxyiam :bce dmixed tdgether Chsthngalfphatnsq/staml aGomea g t 0

Caim1l or 2, ORI ses.. J tion,
a carboxylic aC| #L%%ech | %%q'l €eas ?grots% based t{en% \?\LA th
al cohols. 1% A a.n C%vst i3RA r swith syeanrRspendidiong gld@darbf asters,
preceding cl ai M ;maw.*l'cch ahle egezasaﬁyhéeiexag&*ﬁwe or ady¥aQiiit

product of a sil anol an epoxyal koxysi | ane.
deslred epoxldes, or example those obtained by epoxida-
tion of unsaturated compounds.
Moulded materials dyed with appropriate dyestuffs

10 also still show no change in colour at all after months.
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5 Casti ng [ esi cording to daim4, in whi ch t he
epoxyal kyl si | o?“ﬂiﬂ“ﬂummmm‘by reaction of 20 t he epoxyal koxysi | ane
. * l M S * .

(1) with the si [err] R4
wher ei n Rl is an alkyl radical haging 1 tSustftutd SABetO! ZaJhIQr‘ﬁé 6
radi cal , R®atent @lglimsi dyl al kyl, epoxyal kyl or an epoxycycl oal y? 25

201 cal e ], a0l g Sopc L IAERET AR, 1S AUPA0EL SAEET O
comprises a resin component A and at least one carboxylic
acid anhydride as the curing component B, the A-component

5 of which comprises '
5 to 95 %'by weight of epoxyalkyisiloxane and
95 to 5 % by weight of epoxide.
2. Casting resin system according to Claim 1, in
which the B-component comprises anhydrides of aromatic

10 and cycloaliphatic di- and tetracarboxylic acids.

3. Casting resin system according to Claim 1 or 2,
in which the B-component comprises, for flexibilization,
a carboxylic acid anhydride which is at least partly
esterified with alcohols.

15 4. Casting resin system according to one of the
preceding claims, in which the epoxyalkylsiloxane is the
reaction product of a silanol with an epoxyalkoxysilane.
5. Casting resin system according to Claim 4, in
which the epoxyalkylsiloxane is obtained by reaction of

20 the epoxyalkoxysilane (1) with the silanol (2)

?Rl 1'14
R2—-§i—-— R3 H o] --'Si RS
R3 RS
n
i Z
wherein
R1 is an alkyl radical having 1 to 6 C atoms or an aryl
radical,
R2 is a glycidylalkyl, epoxyalkyl or an epoxycycloalkyl
25 radical, the two radicals

R3 independently of one another are ORl1 or R2 or
another alkyl or aryl radical,
R4 is alkyl or aryl, the radicals
R5 independently of one another are OH or R4 and
30 n is an integer, where 1 s n = 12,
6. Process for the preparation of a siloxane-con-

taining casting resin system comprising the £following
This is the replacement shest
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R4 s al kyl or | S R5 I ndependent|y of one anot her
are OH or R4 and Eﬂmﬂnmmﬂl&m‘@mt eger, where 1 < n s 12. 6. .
Process for the prepata s d«Si | OXxane- con- taining casting resin
system conprising the follow ng 10 Substitute sheet - % Juf]y 1996
Substitute sheet stepstuly 1996 steps: a) reaction of the

an epoxysi | gxane _bei ng

: : i | 2, :
DA e Yot an T MR k8 ok Ve spoxyadiarryeiaRest SyLHD B0 RIdABoR:

obt ai ned,

aromati c epoxi de in a2weiaghepbayshlekade b&ihd obtained, - 20 : 1, c)
provision of a B

anhydri de.

5

10

15

20

b?onpm%tgcgmg ie%%x%sgigpc%gl Jn?-th a cycloalaighgtic or
aromatic epoxide in a weight ratio of 1 : 20 to
20 : 1, '

c) provision of a B-component comprising a carboxylic
acid anhydride.

7. Process acc_ording‘ to Claim 6, in which step a) is

carried out in the presence of a neutral condensation

catalyst in the range of pE 5 to pH 8.

8. Process 'according to Claim 6 or 7, in which,

after step b), the casting resin system is subjected to

a heat treatment in vacuo.

S. Process according to one of Claims 6 to 8, in

~which the reaction according to step a) is carried out

under stoichiometric conditions, so that one alkoxy group

in 1 is available per OE group in 2 capable of condensa-
tion. '
10. Use of the casting resin system according to one

of the preceding claims for covering optoelectronic

components.

5
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7. Process according to Clain16 i n which step .a) is 10 carried out

in the presence of a neutral condensation : catalyst in the range of pH
5 to pH 8. 8. Process.according to Claim6 or 7, in which,
after step b), the casting resin systemis subj &jifitlif® sheet aztm
treatment in vagerade 9. Process according to one of 68F% 8,
in - whi ch the reaction according to step a) is carried out under
stoichionetric conditions, so that one al koxy group in 1 is available
per OH group i rs#l g comfaigninderazting resiansys@em. 10. Use of the
casting resin systemaccording to one of the preceding clains for

" covering optoelectronic conponents.

A casting resin system, the resin component A of
which comprises a mixture of epoxyalkylsiloxanes and
cycloaliphatic epoxide, is proposed for covering
optoelectronic component ([sic]. The casting resin system
can be cured with a carboxylic acid anhydride as the
curing component B to give transparent and colour-stable
moulded materials.
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