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EPOXY RESIN COMPOSITION FOR PRINTED WIRING BOARD AND LAMINATE
PRODUCED WITH THE USE OF THE SAME

TECHNICAL FIELD

The present invention relates to epoxy resin
compositions for printed wiring boards useful for the
production of printed wiring boards, and to laminates for
printed wiring boards produced with the use of the epoxy

resin compositions.

BACKGROUND ART

_ As electronic instruments have been miniaturized and
improved in performance, the density of printed wiring boérds
used therein has increased due to high.multilayering,
thinning and decreases in through-hole diameter and in the
distance between the through-holes. Printed wiring boards
are also used in recent semiconductor packages of plastic pin
grid array or plastic ball grid array wherein semiconductor
tips are mounted directly on printed wiring boards and sealed
with resins. In the course of the production of such
semiconductor packages, printed wiring boards experience high
temperatures of 175°C or higher during wire'bonding or resin
sealing. So printed wiring boards of low strength and low
elastic modulus may cause disconnection of bonding wires or
bow or twist after resin sealing. To improve the high-
temperature characteristics at 175°C of higher, including
strength and elastic modulus, printed wiring boards should
have a higher Tg (glass transition temperature). Printed
wiring boards for semiconductor packages have growing
requirement for higher wiring density, and insulation
reliability is an important property.

To meet these requirements, development work on new

epoxy resins of higher Tg to be used as the insulation
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various insulation troubles, metal migration (electrolytic

10 corrosion) has been found to be a serious trouble. Metal
migration is the phenomenon that the metal constructing
wiring, circuit pattern or electrodes on or inside insulation
materials migrates on or insidé the insulation materials by
the development of potential difference under the

15 circumstances of high humidity.

To the contrary, printed wiring boards produced by using
polyfunctional pheqolS'as curing agents have a low
hygroscopicity and a good resistance against electrolytic
corrosion. Some polyfunctional phenols, however, discolor

20 the printed wiring boards during heating processes. To
prevent the color change due to heating, in Japanese Patent
Application Examined Publication No. 62-28168 is proposed a
curing agént which contains a high-ortho phenol-formaldehyde
resin derived mainly from phenol or bisphenol A. Even this

25 curing agent cannot provide printed wiring boards having a
high Tg enough to tolerate high temperatures of 175°C or

'higher.

In the circumstances, an object of the present invention
is to provide epoxy resin compositions which are useful for

30 the production of printed wiring boards having a low
hygroscopicity, a high heat resistance; good high-temperature
characteristics, a high resistance against electrolytic
corrosion, a high resistance against color change due to
heating and a high Tg.
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against color change due to heating and a high Tg.

DISCLOSURE OF INVENTION _
. The present invention provides an epoxy resin

10 composition.for a printed wiring board, comprising (a) an
epoxy resin obtained by epoxidizing a condensation product of
a phenol with a hydroxybenzaldehyde and (b) a condensation
product of bisphenol A with formaldehyde, (c) a flame
retardant, (d) a curing accelerator.

15 The present invention further provides a laminate for a
printed wiring board produced by impregnating a base material
with a resin varnish confaining the above epoxy resin
composition for printed wiring boards and drying to form
prepreg, superposing at least two sheets of the prepreg on

20 each other, with a metal foil superposed on one or both sides
of the superposed composite, and heating and pressing the

superposed composite.

BEST MODE FOR CARRYING OﬁT THE INVENTION
25 Hereinafter the present invention will be described in
detail.

The epoxy resin (a) is obtained by epoxidizing a
condensation product of a phenol with a hydroxybenzaldehyde.
Typical phenols which are suitable for use in the present

30 invention include phenol, qresol and other monohydric phenols
having one or more alkyl groups, such as propyl or tert-
butyl, with phenol particularly preferred. Typical
hydroxybenzaldehydes which are suitable for use in the
present invention include salicylaldehyde, m-

35 hydroxybenzaldehyde, p-hydroxybenzaldehyde, vanillin,
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in the presence of an acid catalyst.

The condensation product is epoxidized with an

10 epoxidizing agent, such as epichlorohydrin, to give the epoxy
resin (a). '

There is no particular limitation in the kinds of
phenols, hydroxybenzaldehydes and epoxidizing agents which
are to be used as the raw materials of the epoxy resin (a)

15 nor in the methods of condensation and epoxidation.
Preferred epoxy resins are produced by allowing 1 mole of
phenol with 0.1 to 3.0 moles of salicylaldehyde in the
presence of an acid catalyst, such as hydrochloric acid, at
80 to 250°C for 1 to 6 hours, and allowing at least 3

20 equivalent of epichlorohydrin to react with 1 equivalent of
the hydroxyl groups of the condensation product, and have a
weight average molecular weight of 700 to 5,000, a softening
temperature of 40 to 140°C and an epoxy group equivalént
weight of 130 to 280.

25 According to the present invention, the epoxy resins (a)
may be used together with other epoxy resins; for example,
bisphenol A epoxy resins, bisphenol F epoxy resins, bisphenol
S epoxy resins, biphenol epoxy resins, phenol novolac epoxy
resins, cresol novolac epoxy resins, bisphenol A novolac

30 epoxy resins, bisphenol F novolac époxy resins, alicyclic
epoxy resins, aliphatic linear epoxy resins, glycidyl ester
epoxy resins, glycidyl amine epoxy resins, hydantoin epoxy
resins, isocyanurate epoxy resins, glycidyl ethers of
dihydric phenols, glycidyl ethers of dihydric alcohols and
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The amount of the epoxy resins other than the epoxy
resins (a) is preferably 0 to 200 parts by weight, more
5 preferably 10 to 100 parts by weight, per 100 parts by weight
of the epoxy resins (a).
The molecular weight of the condensation product (b) of
bisphenol A with formaldehyde is not particularly limited,
" and is preferably 250 to 20,000 in weight average molecular

10 weight. The condensation product may contain bisphenol A
monomer. The condensation is preferably carried out by
allowing 1 mole of bisphenol A to react with 0.1 to 6.0 moles
of formaldehyde in the presence of an acid catalyst at 80 to
250°C.

15 Preferred condensation prodﬁcts of bisphenol A with
formaldehyde include bisphenol A novolac resins having a
hydroxyl group equivalent weight of 100 to 130.

The condensation product of bisphenol A with
formaldehyde is added as a curing agent in such an amount as

20 to provide preferably 0.5 to 1.5 equivalents, more preferably
0.9 to 1.1 equivalents of the phenolic hydroxyl groups of the
condensation product (b) per equivalent of the epoxy groups
of the epoxy resin (a}).

The condensation product of bisphenol A with

25 formaldehyde may be used together with other cur1ng agents,
such as bisphenol F, polyvinylphenols, or novolac resins
derived from phenol, cresol, alkylphenols, catechol or
bisphenol F. The molecular weights of these compounds are
not particularly limited, and these compounds may be added

30 individually or in combination of two or more. The amount of
these compounds is preferably 0 to 100 parts by weight per
100 parts by weight of the condensation product (b) of
bisphenol A with formaldehydé.

The flame retardant (c¢) may be any one which is

35 generally called a flame retardant, and typical flame
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dihydric phenols or glycidyl ethers of dihydric alcohols:

10 halogenated products of bisphenol A, bisphenol F, _
polyvinylphenols or novolac resins derived from phenol,
cresol, alkylphenols, catechol or bisphenol F; antimony
trioxide, and triphenyl phosphate. Particularly preferred
are tetrabromobisphenol A, glycidyl ether of

15 tetrabromobisphenol A, and brominated products of glycidyl
ethers of condensation products of phenol with formaldehyde.

The amount of the flame retardants (c¢) 1s preferably 20
to 500 parts by weight, more preferably 30 to 200 parts by
weight, per 100 parts by weight of the epoxy resins (a)..

20 The curing accelerator (d) may be any compound which
catalyzes the etherification of epoxy groups with phenolic
hydroxyl groups. Typical curing accelerators useful in the
present invention include alkali metal compounds, alkaline
earth metal compounds, imidazole compounds, organic

25 phosphorus compounds, secondary amines, tertiary amines and
quaternary ammonium salts.

Imidazole compounds are preferable. Particularly,
imidazoles having an imino group masked with acrylonitrile,
isocyanate or melamine acrylate give prepreg which is at

30 least twice as stable during storage as conventional prepfeg.

Imidazole compounds useful in the present invention
include not only the compounds having an imidazole ring but
also the compounds having an imidazoline ring, and typical
examples include imidazole, 2¥ethylimidazole, 2-ethyl-4-

35 methylimidazole, 2-phenylimidazole, 2-undecylimidazole, 1-
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isopropylimidazole, 2,4-dimethylimidazole, 2-phenyl-4-

5 methylimidazole, 2-ethylimidazoline, 2-isopropylimidazoline,
2,4-dimethylimidazoline and 2-phenyl-4-methylimidazoline.
Typical agents which are useful for masking imino groups
include acrylonitrile, phenylene diisocyanate, toluidine
isocyanate, naphthalene diisocyanate, methylene-bis-phenyl

10 isocyanate and melamine acrylate. _

These curing accelerators may be used individually or in
combination of two or more, preferably in an amount of 0.01
to 5 parts by weight, more preferably 0.05 to 2 parts by
weight, per 100 parts by weight of epoxy resins. If the

15 amount of the curing accelerators is less than 0.0l part by
weight, curing cannot be accelerated effectively, and if more
than 5 parts by weight, the epoxy resin composition will lose
storage stability.

The epoxy resin compositlions of the present invention

20 may be used in various forms, and when used for impregnating
base materials, they are usually dissolved in a solvent.
Typical examples of solvents include acetone, methyl ethyl
ketone, toluene, xylene, methyl isobutyl ketone, ethyl
acetate, ethylene glycol monomethyl ether, N,N-

25 dimethylacetamide, methanol and ethanol, which may be used
individually or in combination of two or more.

The epoxy resin compositions of the present invention
may contain one or more inorganic fillers selected, for
example, from powders of crystalline silica, fused silica,

30 alumina, zirconium, calcium silicate, calcium carbonate,
silicon carbide, silicon nitride, boron nitride, beryllia,
magnesia, zirconia, forsterite, stearite, spinel, mullite. and
titania, single crystal fibers of potassium titanate, silicon

carbide, silicon nitride and alumina, and glass fibers.
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-The above components are mixed to form a varnish, and a
base material, such as glass fabric, glass non-woven fabric,
paper or other fabric, is impregnated with the varnish, and

10 then dried in a.drying furnace at 80 to 200°C, to give
prepreg for printed wiring boards; A desired number of
sheets of the prepreg are superposed on each other, with a
metal foil superposed on one or both sides of the superposed
composite, which is then heated and pressed at 150 to 190°C

15 at a pressure of 20 to 80 kgf/cm® to form a laminate for
printed'wiring boards. .

Multilayer printed wiring boards can also be produced by
bonding two or more printed wiring boards by using the
prepreg.

20 In the productibn of prepreg, the drying means the
removal of solvents, if any, or making the epoxy resin
compositions non-flowable at room temperature when no solvent
is used. _

According to the present invention, the specific

25 combination of the epoxy resin which is obtained by
epoxidizing a condensation product of a phenol with a
hydroxybenzaldehyde, the condensation product of bisphenol A
with formaldehyde, the flame retardant and the curing
accelerator gives epoxy resin compositions which can be cured

30 to a high cross-linking density due to the improved
reactivity of glycidyl ether groups with phenolic hydroxyl
groups as compared with the conventional epoxy resin
compositions, and provides printed wiring boards having a low
hygroscopicity, high heat resistance, good high-temperature

35 characteristics, a high resistance against electrolytic
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 EXAMPLES

5 Hereinafter the present invention will be described in
detail referring to WOrking examples,'which, however, do not

limit the scope of the present invention.

EXAMPLE 1 ,

10 100 parts by weight of a phenol-salicylaldehyde novolac
epoxy resin (epoxy group equivalent weight: 170), 46 parts by
weight of a bisphenol A novolac resin (hydroxyl group
equivalent weight: 114) and 51 parts by weight of
tetrabromobisphenol A (bromine content: 58 % by weight,

15 hydroxyl group equivalent weight: 272) were dissolved in
methyl ethyl ketone. 0.3 parts by weight of l-cyanocethyl-2-
ethyl-4-methylimidazole was added as a curing accelerator, to
form a varnish containing 65 % by weight of non-volatile
matters.

20
EXAMPLE 2

54 parts by weiglit of the same phenol-salicylaldehyde
novolac epoxy resin as above, 46 parts by weight of a
brominated bisphenol A epoxy resin (bromine content: 49 % by

25 weight, epoxy group equivalent weight: 400) and 50 parts by
weight of the same bisphenol A novolac resin as above were
dissolved in methyl ethyl ketone. 0.3 parts by weight of 1-
cyanoethyl-2-ethyl-4-methylimidazole was added as a curing
accelerator, to form a varnish containing 65 % by weight of

30 non-volatile matters.

EXAMPLE 3
36 parts by weight of the same phenol-salicylaldehyde
novolac epoxy resin as above, 64 parts by weight of

35 brominated phenol novolac epoxy resin (bromine content:
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EXAMPLE 4
A varnish was prepared in the same manner as in Example
10 1 with the exception that 0.5 parts by weight of 2-ethyl-4-
methylimidazole masked with hexamethylene diisocyanate was
- used in place of the l-cyanoethyl-2-ethyl-4-methylimidazole.

COMPARATIVE EXAMPLE 1
15 A varnlsh was prepared in the same manner as in Example
1 with the exception that 100 parts by weight of an o-cresol
novolac epoxy resin (epoxy group equivalent weight: 195) was
used in place of the phenol-salicylaldehyde'novolac epoxy
resin, and 38 parts by weight of the same bisphenol A novolac
20 resin as above and 48 parts by weight of the same

tetrabromobisphenol A as above were used.

COMPARATIVE EXAMPLE 2
A varnish was prepared in the same manner as in Example
25 1 with the exception that 43 parts by weight of a phenol
novolac resin (hydroxyl group equivalent weight: 106) was
used in place of the bisphenol A novolac resin, and 50 parts
by weight of the same tetrabromobisphenol A as above was
used.
30
COMPARATIVE EXAMPLE 3 _
To a mixture of 80 parts by weight of a lowly-brominated
epoxy resin (bromine content: 21 % by weight, epoxy group
equivalent weight: 485) and 20 parts by weight of the same

35 'phenbl-salicylaldehyde novolac resin as above was added 1
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COMPARATIVE EXAMPLE 4
A varnish was prepared in the same manner as in
Comparative Example 3 with the exception that the same o-
10 cresol novolac epoxy resin as above was used in place of the

phenol-salicylaldehyde novolac epoxy resin.

The components and the amounts thereof used in the above

Examples and Comparative Examples 1 to 4 are listed in Table

15 1. The units of the amounts listed in Table 1 are part by
weight. A glass fabric of 0.2 mm thick was impregnated with
each of the varnishes prepared in the above Examples and
Comparative Examples 1 to 4, and then heated at 160°C for 2
to 5 minutes to give prepreg. The storage stability of the

20 obtained prepreg was evaluated by allowing it to stand at
25°C at 50%RH for 60 days., and then determining the gel time
of the prepreg. Also four sheets of the obtained prepreg
were superposed, with a copper foil of 18 4m thick was
superposed on each side of the superposed composite, which

25 was then pressed at 175°C for 90 minutes at 2.5 MPa, to form
a both-sided copper-clad laminate. The both-sided copper-
clad laminates thus obtained were tested for Tg, soldering
heat resistance, water absorption, resistance against
electrolytic corrosion, color change due to heating, and

30 flexural strength and flexural modulus at room temperature
and 200°C. The results are listed in Table 2 and Table 3.
Further tests for non-flammability showed that these both-
sided copper-clad laminates had a non-flammability '
corresponding to UL-94 VO.
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roduct of bisphenol A wth

fornald ect a curing agent in such an anpunt as to provide
pr ef er abl qU|vaIents nore preferably 0.9to 1.1
equi val e ol i ¢ hydroxyl groups_of the 5 condensation product

(b) per equival ent of the epoxy groups 12f the epoxy resin (a).

The condensati on product of bisphenol A wth f or mal dehyde may be used

together with other curing agents, tFA@Legt b| sphenol F,

p0| yVi nyI phpllﬁil SOt —ovotac—testns—io—denrrved—from pllcll J 7€ 5ol ;

al kyl phenol b, catechol or bi sphenol F. | Theg gt Nbar i ghCempprativese

conpounds aje not particularly limted) and these conpgundsxampje blos.

added i hdividually or in conbination of H?Qr npr ¢. 4Tlhe1a pnt af [ 4

t hese conpo S YA parys by wej ght|per -
Phendl Ssaﬁéﬁélﬁél%e novola® eb%gz’y 1001 54 | 36 |100] = l100| 20 | -

resin (epoxy group equivalent weight: 170)
Brominated bisphenol A epoxy resin
(bromine content: 49 wt%, - |46 -} -] -] - - | -
epoxy group equivalent weight: 400)
Lowly-brominated epoxy resin
(bromine content: 21 wt%, -{=-1t-{-1{t-1~—-180] 80
epoxy group equivalent weight: 485)
Brominated phenol novolac epoxy resin
(bromine content: 35.3 wt%, - -164| - -1-1~-1-
epoxy group equivalent weight: 284)
o—cresol novolac epoxy resin

(epoxy group equivalent weight: 195)
Bisphenol A novolac resin

(hydroxyl group equivalent weight: 114)
Tetrabromobisphenol A

(bromine content: 58 wt%, 59| - | - |51|48 {50} - | -
hydroxy! group equivalent weight: 272)
Phenol novolac resin

- -1=-1-[100] - |- 20

46 [ 50 | 50 | 46 |38 | - | - | -

(hydroxyl group equivalent weight: 106) - - - - Bl -
Dicyandiamide - - - - - - 110110
1—cyanoethyl—2—ethyl-4—methyl|m|dazole 03/]03|03| - {03]03(02]02

isocyanate—masked imidazole - ~ - 1051 - - - -




15 100 parts—by weight—of the condensati on product (b) of bi sphenol A
wi th formal dehygegy, eetHasBeenReﬂiﬁ flame retardant (c) to be used in the

pr esent LY ast one flame retardant selected fromthe
group consistin ted bi spheng]l A epoxy resin, a 20

hal ogenat ed bis resin, a hafdgenated bi sphenol S epoxy
resin, a halogenated phenol novol ac epoxy resin, a hal ogenat ed cresol .
novol atc epoxy re§i n, a hal ogenat ed TABLEBeRol A novol ac epoxy resin, a
hal ogenat e uLsggenng lr—m EpoIBVeON@SC epoxy resin, 4 hgl ogenat ed al3| cycliyc
epoxy resl —= —o—har-egeRarea—artpratt€-—i reat tpuz\y ST, trat ogerattqn
product of |a glycidyl ester epox) "F’é§ﬁl"ﬁte\h¢‘i enatjpon | 121prlodugt |ofi2g

gl yci dyl am|rGel eipexof prepiieg,(sec)hal pgenductiom product off a hydantoi ] epoxy
I‘|ESI _n,oI ? htel ogenati on product of After 80 da§g)cyanurcltqoepc xyiogeqi no1a| 121
gl yci dyl etfrer—of—a—30—tatogemated—drhydric phengt, | ayl ngr 3
hal ogenat ecMLc_achrm—a—haLnganzt ed h!o°ph,nc. gA: }Q%b ) @5 .zg.m

bi sphenol H, Sdddriakdgehmasisieanger oduct of a pol i i preddX 12 @K d S;aWét d
phenol novdiyager 8Bddtptich (wt%) hal ogenat ed cresol noJolo&6 rledi45, |a 08l dgOdst 4d

al kyl phenol Days until the occurrence of continuity breakdown 250 | >250 | >250 | >250
Color change due to heating @) O O @)
Room temperature 620 638 660 600
Flexural strength 200° G 82 34 78 36
A ol modulus ‘ Room temperature 226 23.1 233 225
exural m 200° G 133 | 131 | 131 | 134
TABLE 3
Comparative Example Nos. 1 2 3 4

Immediately after the

Gel time of prepreg (sec) production 120 121 17 120

After 60 days 101 100 95 98
Tg 135 175 162 132
Soldering heat resistance NG OK NG OK
Water absorption (wt%) 055 | 058 | 1.12 | 1.05
Days until the occurrence of continuity breakdown 205 200 50 55
Color change due to heating O X A A
Flexural strength Room temperature 618 633 621 642

200° C 32 57 35 25
Flexural modulus Room temperature 22.8 23.1 22.7 235

200° C 104 124 10.2 9.5

The tests were carried out as follows.

Tg: After copper foils were etched away, Tg was
determined by TMA (thermomechanical analysis). Unit: °C

Soldering heat resistance: After copper foils were

5 etched away, the laminates were placed in a pressure cooker

tester for 2 hours and then dipped in solder at 260°C for 20
seconds. Then the appearance of the laminates was visually
observed. In the Tables, NG means the occurrence of measling
or blistering, and OK means the absence of measling or

10 Dblistering.



oo} IQ rﬁ Jral ogenat ed catechol novolac resin and a
e€ ee lac

halogenate ovolac resin. Anong the above fl ane
retardants, ~ tetrabronobi sphenol A, diglycidyl ether of 5
tetrabronn onfnated bi sphenql, A epoxy resins, brom nati on
products of egC|dyI ethers of condensati products of phenol with

f or mal dehyde (brom nated phenol novol ac epoxy resins), and particularly

preferred are Waeérahbscbbtsphennftér dbpb;@iﬁwhletheteOEtbﬁed away,
t et r abr onobi gnd bronini%ioa groducts of % ﬂ% & et hers of
ondensatlonﬁg ogﬂﬁ%ga SpHERBI PufBR% oftndll QERPEETE COOKET P& ISR of
the flame r aicig@)t andciheéswateteanBbbyp2on of each laminate was
determined from the difference between the weights before and
5 after the pressure cooker test. Unit: % by weight
Color change due to heating: After copper folls were
etched away, the laminates were heated at 160°C for 5 hours

in air, and then visually observed for color change. Those

with no color change rated as (), those with some color

10 change as A, and those with considerable color change as X.

Resistance against electrolytic corrosion: Each both-
sided copper-~clad laminate was pfocessed into a test pattern
having through holes with a wall-to-wall distance of 350 Um,
and then the insulation resistance between 400 through holes

15 were measured continuously. The test was carried out by
applying 100 V in an atmosphere of 85°C and 90%RH, and the
time until the occurrence of continuity breakdown was
determined.

Bending tests: Flexural strength and flexural modulus

20 were determined according to JIS C 6481 at room temperature
and 200°C. Units: flexural strength (GPa), flexural modulus
(MPa). ‘

The results show the following matters.

The both-sided copper-clad laminates of Examples 1 to 4,

25 wherein a phenol-salicylaldehyde novolac epoxy resin was used
as an epoxy resin, had a high Tg of 195°C or higher and were
excellent in soldering heat resistance and resisfance against
electrolytic corrosion. They also exhibited lesser decreases
from the flexural strength and flexural modulus at room

30 temperature to those at 200°C. The prepreg of Example 4
produced by using an isocyanate-masked imidazole as a curing
accelerator had good storage stability. .

The both-sided copper-clad laminates of Examples 1 to 4

and Comparative Example 1, wherein a bisphenol A novolac



to 500 par i nor preferably 30 to 200 parts by wei ght, per
100 parts b@m@&e e e gpoxy resins (a). 15 The curi ng

accel erator in the present i nvention conprises at |east
one inidazol Particul arly, _im dazol es having an i m no group

masked with acrylonltrlle, | socyanat e~0Or nelam ne acryl ate give prepreg
which is at least twice as stable during storage as 20 conventi onal

pr epr eg. resin was dasd e adpo ugosd usesiis tancehagpiastnicolote Whanye

i ncl ude not _onl e _conmpounds having an inmdazole ring but al so the
conmpounds h&%eh é:oaﬁ’ arﬁig&ol Ine ring, and typi cal exanpl es i ncl ude

i m dazol e, 2-ethwld A& ZUtrade} hode 8B CoRphyhtivdaERbfple 1, wherein
2- phenyl i m dazol e, ‘2-undecyli m dazole, 1- benzyl - 2- nethylln1dazole

2- hept adecylalnmqj'&ﬁﬂsé’l Mayolac epOX¥¥TesinJHas Used. As: A PROXY: SESid.
2- phenyld M dg@Plddipara tiv?e an&ﬁﬂiénzda&ﬁéragn & bﬁahedeﬁbbbma@awgﬂﬁ,wa?s

| sopropylimdazol e,” 2, 4-di net hyl'| m dazol e, 2-phenyl-4- 30 nethylim dazole,
2-ethylim d&8ed d@ pPlacsmfogyi vhsrkereind, novolac,resis, hirrdnitddew Mg and

2- phenyl - 4- %@%ﬂéwaﬂ%gml stréﬂgtﬁaanagfmtu%uwgncﬁoaﬁiugsaftulzofoofc
maski ng i m no groups I nclude acrylonitrile, phenylene diisocyanate,
toluidine were low. That of Comparative Examp e 2, wherein a phenol

novolac resin was used as a curing agent, was inferior in the

10 resistance against color change due to heating, and those of
Comparafive Examples 3 and 4 wherein dicyandiamide was used
had high water absorption and were inferior in the resistance
against electrolytic corrosion.

15 INDUSTRIAL APPLICABILITY
When used for the production of printed wiring boards,
the epoxy resin compositions for printed wiring boards of the
present invention give printed wiring boards having a low
hygroscopicity, a high heat resistance, good high-temperature
20 characteristics, a high resistance against electrolytic
corrosion, a high resistance against color change due to
heating and a high Tg.



| socyanat e, %Qaﬂgmkaﬁcyanate nethylene- | socyanat e
and nel am n E ﬁm “ IEIJ L“il UUthe above
various-imda ﬂ'lﬂlmtl - particul arl y p e conpounds
havi ng-a mask roup are 1- cyaqﬁgthyl 2-ethyl - 4 met hyl i m dazol e
and | socyanat e- masked i m dazole. 5 These curing accel erators may
be used individually or in conbi nation of two or nore, preferably in an
anount of 0.%hat istolaimedt $shy wei ght, nore preferably 0.05 to 2 parts by
wei ght, per 100 parts by weight of epoxy resins. If the

1. An epoxy resin composition for a printed wiring boafd,
comprising (a) an epoxy resin obtained by epoxidizing a

5 condensation product of a phenol with a hydroxybenzaldehyde
and (b) a condensation product of bisphenol A with
formaldehyde, (c) a flame retardant, (d) a curing

accelerator.

10 2. The epoxy resin composition for a printed wiring board
of claim 1, wherein the epoxy resin (a) is obtained by
epoxidizing a condensation product of phenol with
salicylaldehyde.

15 3. The epoxy resin composition for a printed wiring board
of claim 1, wherein the condensation product (b) of bisphenol
A with formaldehyde is a bisphenol A novolac resin.

4. The epoxy resin composition for a printed wiring board

20 of claim 1, which contains 0.5 to 1.5 equivalents of phenolic
hydroxyl groups of the condensation product (b) per -
equivalent of epoxy groups of the epoxy resin (a).

5. The epoxy resin composition for a printed wiring board
25 of claim 1, wherein the flame retardant (c) is
tetrabromobisphenol A.

6. The epoxy resin composition for a printed wiring board
of claim 1, wherein the flame retardaﬁt (c) is s glycidyl
30 ether of tetrabromobisphenol A.

'7. The epoxy resin composition'for a printed wifing board
of claim 1, wherein the flame retardant (c) is a brominated
product of a glycidyl ether of a condensation product of

35 phenol with formaldehydé.



amount of the curln accele ators is less than O. |ght
curing can effectivel y and if ,m I'” I IH’ﬁarts by
e;hi ali
r

wei ght , np05|t|on will |ose stotage Mt

The epoxy ns of the prese i nvention may be: used in
various fornms, and mhen used for inpregnating 15 base materials, they are
usual l'y dissolved in a sol vent. Typi cal exanpl es of solvents include
acetone, nethyl ethyl ketone, toluene, xylene, nethyl isobutyl ketone,

Gi et iyl acotim 0eP SRR R YPRROTL CH chohey BELIERA YATLPAPORERal 1

or in conbi e ickain I wowligredyi ethe curing abeehenayoreedm ésmansi tions of
t he present _invention P goﬁ? %aln one or nore inorganic fillers
sel ected, fdrs° cyaﬂﬁﬁﬁwW%ﬁ ? g RIS of crystalline silica, fused

silica, 5 - alumna, zirconium caIC|un1s|I|cate cal ci um car bonate, 25

silicon carhbjde, n nitride, eryllia, nmagnesi a,
zirconi a, fc?r'sterz‘}tieam it E %p‘i’ e‘ﬂu‘f’i?f’ég ﬁ 44 pPredused, bgi ngl e
crystal fi beﬂn@ﬁégmwamasé et erisl! WLem a re§8h bydenishl E6ARadhingde

and alum na, .and glass fib The amount of the inorganic fibers
is preferabﬁPQKﬁpoxY resin composition for a printed wiring board of

claim 1 and drying to form prepreg, superposing at least two
10 sheets of the prepreg upon each other,'with a metal foil
superposed on one or both sides of the superposed composite,

and heating and pressing the superposed composite.



30 nmore than 650 parts by weight, nore preferably not nore than 200

parts by weight, per 100 parts by weight of 100 parts by wei ght of the
total of (a), (b) and (c). Wen contained in t he epoxy resin
conpositions, they are preferably 2 to 65pg parts by weight.

9 The above conponents are mxed to forma varnish, and a
base material, such as glass fabric, glass non-woven fabric, paper or
other Tabric, is inpregnated with the ABSERACT and then dried in a

drying furnace at 80 to 200[err] C, to give 5 prepreg for printed wiring
boards. A desired nunber of _
An epoxy resin composition for printed wiring boards

which comprises as the essential components (a) an epoxy

5 resin obtainéd by epoxidizihg a condensation product of a
phenol with hydroxybenzaldehyde, (b) a condensation product

| of bisphenol A with formaldehyde,'(c) a flame retardant, and

(d) a curing accelerator, and a laminate for printed wiring
boards which has a low hygroscopicity, a high heat

10 resistance, good high-temperature characteristics, a high
resistance against electrolytic corrosion, a high resistance
against color change due to heating, and a high Tg.



—e

sheets of the prepreg are Superposed on each ot her;, mnth LACEM “ﬁ@?u; ' SJ5hi
super posed on one or both sides of the superposed } ’COﬁb&SPt@*ﬂhh 4
then heated and pressed at 150 to 190[err]C at! & pragsr e ‘FRIZOR

kgf/cnferr] to forma lamnate for 10 printed mnrungi jakiggls) - paged .. RSV e
Mul tilayer printed wiring boards can al so be producddl Apyiract B@agehe- bvdmb%i -----

more printed wiring boards by using the prepreg. In the C1mﬂ
production of prepreg, the drying neanaMenpMENT e VQATEfOFqueEIBr__J,E_.gE

or making the epoxy resin conposi tions non-fl owabte—at ruon1tenperature
when no sol vent is used. According to the present invention,
. the SpeCIfIQr QEIBE Q& ?%t%ﬂ%xb %ln which is obtalned by 20
epoxi di zing a ton ensa I on uc enol with a

hydr oxybenzal dehyde, the condensatlon product of bisphenol A W th

f or mal dehyde Ltic flame ar t an the curin
accel er at or rve§d§8g§§ipe§ﬁﬂnc8ﬁpgbﬁtq&% riat AggyiﬁgtéﬁVhd to g hi gh
cross-|inking densctyJgdee/opa7olze 25 i nproved react|V|ty of glycidyl ether
groups with phenolic hydr oxyl groups conpared with the conventi onal
epoxy resin

2. Applicant (Common Representative)

Name: Hitachi Chemical Company, Ltd.

Address: 1-1, Nishishinjuku 2-chome, Shinjuku-ku,
" Tokyo 163-04 Japan

Country of nationality: Japan

Country of residence: Japan

3. Agent
Name: 8649, Patent attorney, Tetsuo Hotaka
Address: Ten Haus, 4-10, Téukiji 2-chome, Chuo-ku,
Tokyo 104 Japan

4. Item to be Amended
Specification and Claims

5. Subject Matter of Amendment
(i) Subject matter of amendments on new sheets of

specification

(1) Originally filed page 2, line 20 (English translation:
page 3, line 12), "hydroxybenzaldehyde and” is amended to
*hydroxybenzaldehyde,” on new sheet of page 2, line 20 (new
sheet of English translation: page 3, line 12).

(2) Originally filed page 2, line 21 (English translation:
page 3, lines 13-14), "(c) a flame retardant” is amended to
"(c) at least one flame retardant selected from the group

consisting of ‘a4 halogenated bisphenol A epoxy resin, a



conposi tions, and provides printed wiring boards having a | ow
hygroscopicity, high heat resistance, good high-tenperature
characteristics, a high resistance against electrolytic 30 corrosion, a

hi gh resi stance agai nst col or change due to heati ng and a high Tg.
EXAMPLES 10 Herei nafter the present
i nvention will be described in detail referring to working exanples,

whi ch, hovweueslogknaeéd bisphehdlt heeposye rekinhe aphadegjenateshibizphenol
S epoxy resin, a halogenated phenol novolac epoxy resin, a
halogenated cresol novolac epoxy resin, a halogenated
bisphenol A novolac epoxy resin, a halogenated bisphenol F
novolac epoxy resin, a halogenated alicyclic epoxy resin, a
halogenated aliphatic linear epoxy resin, a halogenation
product of a glycidyl ester epoxy resin, a halogenation
product of a glycidylamine epoxy resin, a halogenation
product of a hydantoin epoxy resin, a halogenation product of
an lsocyanurate epoxy resin, a glycidyl ether of a
halogenated dihydric phenol, a glycidyl ether of a
halogenated dihydric alcohol, a halogenated bisphenol A, a
halogenated bisphenol F, a halogenation product of a
~polyvinylphenol, a halogenated phénol novolac resin, a
halogenated cresol novolac resin, a halogenated alkylphenol
novolac resin, a halogenated catechol novolac resin and a
halogenated bisphenol F novolac resin” on new sheet of page
2, line 2l-page 3, line 6 (new sheets of English translation:
page 3, line 13-page 3, line 31).

The flame retardants on the new sheets are selected from
the flame retardants disclosed on the originally filed page
4, line 28-page 5 line 10 (English translation: page 5, line
34-page 6, line 13) and, have at least two epoxy groups or
phenolic hydroxyl groups per molecule as those used in '

Examples have.

(3) Originally filed page 2, line 21 (English translation:
page 3, lines 13-14), after “flame retardant,”, "and” is
inserted on new sheet of page 3, line 6 (new sheet of English

translation: page 3, line 31).

(4) Originally filed page 2, line 21 (English translation:
page 3, line 14), "“(d) a curing accelerator” is amended to

*(d) a curing accelerator comprising at least one imidazole



5 EXAMPLE 1 100 parts by weight of a phenol -salicyl al dehyde
novol ac epoxy resin (epoxy group equivalent weight: 170), 46 parts by
wei ght of a bisphenol A novolac resin (hydroxyl group equi val ent

wei ght: 114) and 51 parts by weight of 10 tetrabronobi sphenol A (brom ne
content: 58 % by weight, hydroxyl group equival ent weight: 272) were
di ssolved in nmet hyl ethyl ketone. 0.3 parts by wei ght of

1- cyanoet hyl edmpound®t lopl néwnrshieelti wifd pagee Ivasl ik b6 mewrsheget of

accelerator, to_. _ form rni sh _containi.ng 65 .0 wei ght  of
non-volatiIeEfg}ﬁEPt§F?PSiA% °nEXRﬁ§fE#;|1£H£sE%1- %hrts by wei ght of the
same phenol -sal i cyhel daliae acceleradtar epoxthe asiwn steabde, dischased bn

Vo1 ot “epo e satslaatiar SRR oo € HPLAE EShERiaR. o

the sane bi spageols , A1i@eol2ag .resin as above were -

(5) New sheet of page 4 (new sheets of English translation:
pages 4 and 5) corresponds to originally filed page 3, line
15-page 4, line 14 (English translation: page 3, line 17-page

5, line 17), and contains no amendments.

(6) Originally filed page 4, line 28-page 5, line 13
(English translation: page 5, line 34-page 6, line 16), "The
flame retardant (c)'— with formaldehyde.” is amended to

"The flame retardant (c) to be used in the present invention
is at least one flame retardant selected from the group
consisting of a halogenated bisphenol A epoxy resin, a
halogenated bisphenol F epoxy resin, a halogenated bisphenol
S epoxy resin, a halogenated phenol novolac epoxy resin, a
halogenated cresol novolac epoxy resin, a halogenated
bisphenol A novolac epoxy resin, a halogenated bisphenol F
novolac epoxy resin, a halogenated alicyclic epoxy resin, a
halogenated aliphatic linear epoxy resin, a halogenation
product of a glycidyl ester epoxy resin, a halogenation
product of a glycidylamine epoxy resin, a halogenation
product of a hydantoin epoxy resin, a halogenation product of
an isocyanurate epoxy resin, a glycidyl ether of a
halogenated dihydric phenol, a glycidyl ether of a
halogenated dihydric alcohol, a halogenated bisphenol A, a
halogenated bisphenol F, a halogenation prbduct of a
polyvinylphenol, a halogenated phenol novolac resin, a
halogenated cresol novolac resin, a halogenated alkylphenol
noVolac resin, a halogenated catechol novolac resin and a

halogenated bisphenol F novolac resin.



di ssolved in nethyl ethyl ketone. 0.3 parts by weight of 1-

cyanoet hyl - 2- et hyl - 4-net hyl i m dazol e was added as a curing 25 accel erator,
to forma varni sh containing 65 % by wei ght of non-vol atile matters.
EXAVMPLE 3 36 parts by weight of the same phenol -salicyl al dehyde 30
novol ac epoxy resin as above, 64 parts by weight of brom nat ed phenol
novol ac epoxy resin (bromne content: 35.3 % by wei ght, epoxy group
equi val ent wei ghtAm@sdg) thadabove flametrebgrdantst brefarrednarbi sphenol A

o o et Eavrg BN RS ALY TR T ketone. 0.3 parts

11 _ tetrabromobisphenol A, brominated bisphenol A epoxy resins,
bromination products of glycidyl ethers of condensation
products of phenol with formaldehyde (brominated phenol
novolac epoxy resins), and particularly preferred are
tetrabromobisphenol A, diglycidyl ether of
tetrabromobisphenol A and bromination products of glycidyl
ethers of condensation products of phenol with formaldehyde.”
on new sheets of page 5, line l4-page 6, line 6 (new sheets
of English translation: page 6, line 17 - page 7, line 11).

By this amendment, the flame retardants which may be

used in the present invention are limited to flame retardants
whiéh have at least two epoxy groups or phenolic hydroxyl
groups per molecule as those used in Examples have.
Brominatéd'bisphenol A epoxy resins, which are added to the
examples of preferred flame retardants, include the flame

retardant used in Examples.

(7) Originally filed page 5, lines 16-21 (English
translation: page 6, lines 20-27), "The curing accelerators
{ay - are preferable.” is amended to "The curing
accelerator (d) to be used in the present invention comprises
at least one imidazole compound.” on new sheet of page 6,
lines 9-10 (new sheet of English translation: page 7, lines
15-16).

(8) Originally filed page 6, after line 8 (English
translation: page 7, after line 10), "Among the above various
imidazole compounds, particularly preferred imidazole
compounds having a masked imino group are l-cyanoethyl-2-
ethyl-4-methylimidazole and isocyanate-masked imidazole."” -is
added on new sheet of page 6, lines 26-28 (new sheet of

English translation: page 8, lines 1-4.



a curing accelerator, to forma varnish containing 65 % by wei ght of
non-vol atile matters. EXAMPLE 4 5 A varni sh was prepared in the
same nanner as in Exanple 1 with the exception that 0.5 parts by wei ght
of 2-ethyl-4- met hyl i m dazol e masked wi t h hexanet hyl ene diisocyanate
was ~used in place of the 1-cyanoethyl-2-ethyl-4-nmethylimdazol e. 10

. COVPARATI VE EXAMPLE 1 A varni sh was prepared in the sane manner as

in Efanple 1 w-thahbethyteptiethyllhat-medhyldnididroMeiaid ifoeyamais-esol
novol ac epox resini§ 0X roup equival enf weight: 195) was used in
pl ace of théM3ﬁ§ﬁ8I- gBPE§F§IEE%yH%eﬂb€6\§%‘ ‘15 resin, and 38 parts by
wei ght of the sane bi sphenol A novol ac resin as above and 48 parts by
wei ght of the same ' -
(9) New sheet of page 7 (new sheet of English translation:
page 8, line 5-page 9, line 18) corresponds to originally
filed page 6, line 10-page 7, line 9 (English translation:

page 7, line ll-page 8, line 24), and include no amendments.

(10) Originally filed page 7, lines 10-11 (English
translation: page 8, lines 25-29), “"the epoxy resin seeres
accelerator” is amended to “the epoxy resin which is obtained
by epoxidizing a condensation product of a phenol with a
hydroxybenzaldehyde, the condensation product of bisphenol A
with formaldehyde, the specific flame retardant and the
specific curing accelerator” on new shegt of page 8, lines 1-
2 (new sheet of English translatioﬁ: page 9, lines 19-23).

(11) Newlsheets of pages 9-12/1 (new sheet of English
translation: pages 10-15/1) correspond to originally filed
page 8, line 10-page 12, line 19 (English translation: page
9, line 5 - page 15, line 22), and include no amendments.

(ii) Subject matter of amendments on new sheets of

specification

(1) In amended claim 1,

"hydroxybenzaldehyde and (b) a condensation product of
bisphenol A with formaldehyde” in the originally filed claim
1 is amended to "“hydroxybenzaldehyde, (b) a condensation
product of bisphenol A and formaldehyde”;

"(c) a flame retardant,” is amended to "(c) at least one
flame retardant selected from the group consisting of a
halogenated bisphenol A epoxy resin, a halogenated bisphenol
F epoxy resin, a halogenated bisphenol S epoxy resin, a

halogenated phenol novolac epoxy resin, a halogenated cresol

5



t et r abr onobi sphenol A as above were used. COMPARATI VE EXAMPLE 2 20

A varni sh was prepared in the sane nanner as in Exanple 1 wth the
exception that 43 parts by weight of a phenol novol ac resin (hydroxyl
group equi val ent weight: 106) was used in place of the bisphenol A
novol ac resin, and 50 parts by wei ght of the sane tetrabronobi sphenol A
as above was 25 used. COMPARATI VE EXAMPLE 3 To a m xture of
80 parts bynm&qﬂac(ﬁpaxyrmﬁs&ﬂncnhhﬁﬂegenatedpbiypheabd @bmmﬁqiaqxﬁpaxu:

0

\?\éi g/oh?yo:‘l\eltﬁheet epoxyh% i%}cﬁ"% é’?ﬁmgegﬁ%c’l §5)e % g’n as a E)\S/eb%as

added 1 nxndgénawuu@ﬁniéﬁcrhcyapdxynrdsldlsaohaédgenaﬂd@ﬂaﬂﬁphﬁn&mﬂ

nDnon?thyI ther. O. artslg% i of 1- anoet? | - 2-

Cthyl ~ 4 et FARSAT SR \ESs iuch Hel oS eRAFTYRaBERRbck: 6F, & givolayl
ester epoxy resin, a halogenation product of a glycidylamine
epoxy resin, a halogenation product of a hydantoin epoxy
resin, a halogenation product of an isocyanurate epoxy resin,
a glycidyl ether of a halogenated dihydric phenol, a glycidyl
ether of a halogenated dihydric alcohol, a halogenated
bisphenol A, a halogenated bisphenol F, a halogenation
product of a polyvinylphenol, a halogenated phenol novolac
resin, a halogenated cresol novolac resin, a halogenated
alkylphenol novolac resin, a halogenated catechol novolac
resin and a halogenated bisphenol F novolac resin, and”, the
members of the group_being selected from the flame retardants
disclosed on the originally filed page 4, line 28-page 5,
line 10 (English translation: page 5, line 34-page 6, line
13) and having at least two epoxy groups or phenolic hydroxyl
groups per molecule as those used in Examples have; and

"(d) a curing accelerator” is amended to "(d) a curing
accelerator comprising at least one imidazole compound”,
which is disclosed in the originally filed page 5, line 18
(English translation: page 6, line 24).

(2) In added claim 10, the amount of the flame retardant (c)
in the epoxy resin composition for a printed wiring board of
amended claim 1 is limited to that disclosed in the
originally filed page 5, line 15 (English translation: page
6, line 18).

(3) In added claim 11, the amount of the curing accelerator
(d) in the epoxy resin composition for a printed wiring board'
of amended claim 1 is limited to that disclosed in the
originally filed page 6, line 10 (English translation: page
7, lines 12-13)



12 - forma varni sh containing 65 % by weight of non-volatile

matters. COVPARATI VE EXAMPLE 4 5 A varni sh was prepared in the
same nmanner as in Conparative Exanple 3 with the exception that the
same o- cresol novol ac epoxy resin as above was used in place of the

phenol - sal i cyl al dehyde novol ac epoxy resin

(4) In added claim 12, the flame retardant (c) in the epoxy
resin composition for a printed wiring board of amended claim

1 is limited to one of the flame retardants used in Examples.

(5) In added claim 13, the curing accelerator (d) in the
epoxy resin composition for a printed wiring board of amended
claim 1 is limited to those disclosed in the originally filed
page 5, lines 21-23 (English translation: page 6, lines 28-
29).

(6) In added claim 14, the curing accelerator (d4) in the
epoxy resin composition for a printed wiring board of amended
claim 1 is limited to one of the curing accelerators used in

Examples.

6. List of Attached Documents

Specification: new sheets of pages 2-12/1 (English
translation: new sheets of pages'3-15/l)

Claims: new sheets 6f pages 13-14/1 (néw sheets of
English translation: pages 16-17/1)
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10 The ¢ ; LAGEMENT, S T mounts thereof used in the above

Exanpl es and Cgn dratlve Exanplleg 1 to 4 age listed in Table 1. The
units of the arpyn 5IDECe1997n Tgble 1 are part by wei ght. A gl ass

fabric of 0.2 rmithick was inpgegnated with each of the varnishes
prepared in th¢ above Exanples agd 15 Conparative Exanples 1 to 4, and

t hen heated at “t+66fe+.Ciar 2 to 5 mnutes to give prepreg. The

storage stabilit\Arodthém obje@bt@fnbheppepsegtmésvenaiqatéd be prowideg it

to stand at 25l errlC : an n e ge

-~ time of %ﬁﬂ} %% ; oriérégggﬁtégﬁ%gg ¥§9ﬁ Q %gﬁnegg %8?@&@8 9 mg re
”SUpﬁrpozed umiﬁgemhmp@pGXYQrésbﬁ d&mpesitmonhlahdmhave a higbehpated on

each side of_the superposed t hen, pressed, at

e lerr) ¢ et tARR BoagRa SREBRRESRpo RLiRe cneB3rbRTarREECEREMN,, o

Ian1n3t$5'ﬂrbéxﬁtaﬁ¢dedgaﬂwgerelectrolgdibaabrab3$ohhua hiyhi pediskance
tested for Tg, solderi eat .resjistance, water t resi stance
agai nst %%R?BI??fgrcﬁ??Bg?oﬂuect oﬁeeﬁﬁﬁgeaBGeatﬁgﬂga#gng, and
flexural strength and flexural nodulus at roomtenperature and

200[err]C. The results are_listed |n Table 2 and Tabl e 3.
DISCLOSURE OF INVENTION

The present invention provides an epoxy resin

10 composition for a printed wiring board, comprising (a) an
epoxy resin obtained by epoxidizing a condensation product of
a phenol with a hydroxybenzaldehyde, (b) .a condensation
product of bisphenol A with formaldehyde, (c) at least one
flame retardant selected from the group consisting of a

15 halogenated bisphenol A epoxy resin, a halogenated bisphenol
F epoxy fesin, a halogenated bisphenol S epoxy resin, a
halogenated phenol novolac epoxy resin, a halogenated cresol
novolac epoxy resin, a halogenated bisphenol A novolac epoxy
resin, a halogenated bisphenol F novolac epoxy resin, a

20 halogenated alicyclic epoxy resin, a halogenated aliphatic
linear epoxy resin, a halogenation product of a glycidyl
ester epoxy resin, a halogenation product of a glycidyiamine
epoxy resin, a halogenation product of a hydantoin epoxy
resin, a halogenation product of an isocyanurate epoxy resin,

25 a glycidyl ether of a halogenated dihydric phenol, a g;ycidyl
ether of a halogenated dihydric alcohol, a halogenated
bisphenol A, a halogenated bisphenol F, a halogenation
product of a polyvinylphenol, a halogenated phenol novolac
resin, a halogenated cresol novolac resin, a halogehated

30 alkylphenol novolac resin, a halogenated éatechdl novolac
resin and a halogenated bisphenol F novolac resin, and (d) a
curing accelerator comprising at least one imidazole
compound.

The present invention further provides a 1aminate for a

35 printed wiring board produced by impregnating a base material
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composition for printed wiring boards and drying to form
prepreg, superposing at least two sheets of the prepreg on
each other, with a metal foil superposed on one or both sides
of the superposed composite, and heating and pressing the

superposed composite.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter the present invention will be described in
detail.

The epoxy resin (a) is obtained by epoxidizing a
condensation product of a phenol with a hydroxybenzaldehyde.
Typical phenols which are suitable for use in the present
invention include phenol, cresol and other monohydric phenols
having one or more alkyl groups, such as propyl or tert-
butyl, with phenol particularly preferred. Typical
hydroxybenzaldéhydes which are suitable for use in the
present invention include salicylaldehyde, m-

hydroxybenzaldehyde, p-hydroxybenzaldehyde, wvanillin,

syringaaldehyde, B -resorcylaldehyde and
protocatechualdehyde, with salicylaldehyde particularly
preferred. '

The condensation of phenols with hydroxybenzaldehydes
any non-limitative methods, desirably
a phenol to react with 0.1 to 3.0

to 1.5 moles of a hydroxybenzaldehyde,

may be carried out by
by allowing 1 mole of
moles, preferably 0.3
in the presence of an acid catalyst.
The condensation product is epoxidized with an
epoxidizing agent, such as epichlorohydrin, to give the epoxy
resin (a).

There is no particular limitation in the kinds of
phenols, hydroxybenzaldehydes and epoxidizing agents which
are to be used as the raw materials of the epoxy resin (a)
nor in the methods of condensation and epoxidation.

Preferred epoxy resins are produced by allowing 1 mole of



REPLACEMENT SHEET 1
epoxy group .equifVv 400) Low y-brom nated epoxy resin (brom ne

content: 21 W% 80 80 epox rou
equi val ent: weijght Q@EBE%HB% nat €d phenol ngVoI ac epoxy resin (brgm %eg P
content: 35. 3] Wim 64 - - - - epoxy group
equi val ent wejght: 284) _Jo-cresol novol ac epoxy resin L
100 (epoxy—grotp—eegui val ent wei ght: 195) Bi sphenol A novol ac

resin phenoa6wifh 050 té63.88moles of salﬁbmmahyﬂugkowmexhavalent
wei ght 114) afgégncgoofSQn égidBQatalysgl %ng%%r%WQ%qﬁﬂ} )qﬁlééfﬁoqépe

content: group
equi val ent \Aaogbb 2802¢ Pobentl tooéohearsesiand( aldoedylg g*u)ure&smla/al ent

melght 1? )eq“ivalent °f1eﬁic§lﬁrﬁg§§%&ﬂoEthﬁa?tePﬁﬁP4&|ﬁ§9ﬁﬁ?¥ﬁ?ﬁuﬁ§e
0 3 0. 35 0. ghe hydﬁoﬁylogiougsZofOtﬁel gondenshat-1ons prddustdaznd have a

) weEght average molecular weight of 700 to 5,000, a softening
temperature of 40 to 140°C and an epoxy group equivalent
weight of 130 to 280.

According to the present invention, the epoxy.resins (a)

10 may be used together with other epoxy resins; for example,
bisphenol A epoxy resins, bisphenol F epoxy resins, bisphenol
S epoxy resins, biphenol epoXy resins, phenol novolac epoxy
resins, cresol novolac epoxy resins, bisphenol A novolac
epoxy resins, bisphenol F novolac epoxy resins, alicyclic

15 epoxy resins, aliphatic linear epoxy resins, glycidyl ester
epoxy reéins, glycidyl amine epoxy resins, hydantoin epoxy
resins, isocyanurate epoxy resins, glycidyl ethers of
dihydric phenols, glycidyl ethers of dihydric alcohols and
hydrogenation products thereof. These epoxy resins may be

20 used individually or as a mixture of two or more. '

The amount of the epoxy resins other than the epoxy
resins (a) is preferably 0 to 200 parts by Weight, more
preferably 10 to 100 parts by weight, per 100 parts by weight
of the epoxy resins (a).

25 The molecular weight of the condensation product (b) of
bisphenol A with formaldehyde is not particularly limited, |
and is preferably 250 to 20,000 in weight average molecular
weight. The condensation product may contain bisphenol A
monomer. The condensation is preferably carried out by

30 allowing 1 mole of bisphenol A to react with 0.1 to 6.0 moles
of formaldehyde in the presence of an acid catalyst at 80 to
250°C.

Preferred condensation products of bisphenol A with
formaldehyde include bisphenol A novolac resins having a

35 hydroxyl group equivalent weight of 100 to 130.



14 REPLACEMENT SHEET TABLE 2 Exanpl e
Nos. 1 2 4 6

| medi ately after {the 06 b 1 120 125 Gel time of prepreg
(sec) producti pn ﬁ%kz After 60 days 100

103 101 121 Ty ) 205 200
195 210 50|i§UJH%i§;¥ resi stjance XK XK K

K Wt er absorhei co EatTon—product of bisphendd A0with 0.48 0.59
D205 " BB-BRUALSIE 13, K B & SR Wt 17 Fhon Bebncii as

Room t enper ator provide2®reFedablgc0d.5 €201.5 eguivalantst,r egteh preferably
Egg%g:;{ufé 0‘92#8 1.§§§gui§§;§nt%gp§ t%g phenolic hydroxyl groups ofF¥Kgn
5 condensation product (b) per equivalent of the epoxy groups

of the epoxy resin (a).

The condensation product of bisphenol A with
formaldehyde may be used together with other curing agents,
such as bisphenol F, polyvinylphenols, or novolac resins

10 derived from phenol, cresol, alkylphenols, catechol or
bisphenol F. -

not particularly limited, and these compounds may be added

The molecular weights of these compounds are

individually or in combination of two or more. The amount of
these compounds is preferably 0 to 100 parts by weight per

15 100 parts by weight of the condensation product (b) of

bisphenol A with formaldehyde.

The flame retardant (c) to be used in the‘present
invention is at least one flame retardant selected f£rom the
group consisting of a halogenated bisphenol A epoxy resin, a
20 halogenated bisphenol F epoxy resin, a halogenated bisphenol
S epoxy resin, a halogenated phenol novolac epoxy resin, a
halogenated cresol novolac epoxy resin, a halpgenated
bisphenol A novolac epoxy resin, a halogenated bisphenol F
novolac epoxy resin, a halogenated alicyclic epoxy resin, a
25 halogenated aliphatic linear epoxy resin, a halogenation
product of a glycidyl ester epoxy resin, a halogenation
product of a glycidylamine epoxy resin, a halogenation
product of a hydantoin epoxy resin, a halogenation product of
an isocyanurate epoxy resin, a glycidyl ether of a
30 halogenated dihydric phenol, a glycidyl ether of a
halogenated dihydric alcohol, a halogenated bisphenol A, a
halogenated bisphenol F, a halogenation product of a
polyvinylphenol, a halogenated phénol novolac resin, a

halogenated cresol novolac resin, a halogenated alkylphenol -
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Fl exural nodul Qlerr]] C 13.3 13.1 13.1 13.4
TABLE 3 Conparfat)i ve Exanpl e Nos. 1 2 -3
4 : 06 DEC 997 | || med ately after the 120 121 117 120
Gel tinme of prepreg (sec) | groduction . After
60 days ] 101 100 95 98 Tg - :
135 175 62—t ering heat resistance NG

X NG  mevolac\wmesinabsohpilogenaie®) catechol novolac resim 5d & 58

5,12 L0 noyPBuRablhl babBReRSTUE GRGR1Y SRRkl ty Preakdown 205 | 200

[err] Among the above fRame treftpmdalndnse pref@l&'edﬂﬁ'e 621 642
Fl exural str 2 7 25

Room t enper a f%?%gbrﬁﬁoggsgggTOL gz 9ig}§°%dyi eﬁP i Pﬁ nDdqus

200[ err] 5C tetrabrombbisphendl AQ.Drom&nited bisphendlh@.@@@ky\MBains,
carried out as f

Tg was ﬁ+ ggggyp¥ﬂﬁuFFﬁeP£gﬁ¥§€¥a§ e%ﬁ;%Flfdﬁaé d amay
products of phenol with formaldehyde (brominated phenol
novolac epoxy resins), and particularly preferred are
tetrabromobisphenol A, diglycidyl e€ther of

10 tetrabromobisphenol A and bromination products of glycidyl
ethers of condensation products of phenol with formaldehyde.

The amount of the flame retardants (c) is preferably 20
to 500 parts by weight, more preferably 30 to 200 parts by
weight, per 100 parts by weight of the epoxy resins (a).

15 The curing accelerator'(d) to be used in the present
inventioﬁ comprises at least one imidazole compound.
Particularly, imidazoles having an imino group masked with
acrylonitrile, isocyanate or melamine acrylate give prepreg
which is at least twice as stable during storage as

20 conventional prepreg.

Imidazole compounds useful in the present invention
include not only the compounds having an imidazole ring but
also the compounds having an imidazoline ring, and typical
examples include imidazole, 2-ethylimidazole, 2-ethyl-4-

25 methylimidazole, 2-phenylimidazole, 2-undecylimidazole, 1-
benzyl-2-methylimidazole, 2-heptadecylimidazole, 4,5-
diphenylimidazole, 2-methylimidazoline, 2-phenylimidazoline,
2-undecylimidazoline, 2-heptadecylimidazoline, 2- |
isopropylimidazole, 2,4-dimethylimidaéole, 2-phenyl-4-

30 methylimidazole, 2-ethylimidazoline, 2-isopropylimidazoline,
2,4-dimethylimidazoline and 2-phenyl-4-methylimidazoline.
Typical agents which are useful for masking imino groups
include acrylonitrile, phenylene diisocyanate, toluidine
isocyanate, naphthalene diisocyanate, methylene-bis-phenyl

35 isocyanate and melamine acrylate.
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Sol dering heat res §ﬁ§ﬁé§gﬂgligﬂsg% per foils were 5 etched away, the
| am nates were plafefd in a pressurie tooker g tester for 2 hours and then
di pped in sol der al P6@eDECYNEr po seconds. Then the appearance of
the | am nates was Vi sually obseryed. In the Tables, NG neans the
occurrence of mneaslhing or blistefing, and OK neans the absence of
nmeasling or 10 bliﬁterina Wat er absorption: After

copper foils wereAmbngethavabove vatrieulsatimidaroleeaonpaueds; n a pressure

&ggker teStgéaégicélarlyh8%3§ér%2g &g dg§6 %‘%%%%&%ﬂ_é‘ﬁﬁv Sghalggéﬂg&e
imino group are l1-cyanoethyl-2-ethyl-4-methylimidazole and
isocyanate-masked imidazole.

5 These curing accelerators may be used individually or in
combination of two or more, preferably in an amount of 0.01
to 5 parts by weight, more preferably 0.05 to 2 parts by
weight, per 100 parts by weight of epoxy resins. If the
aﬁount of the curing accelerators is less than 0.01 part by

10 weight, curing cannot be accelerated effectively, and if more
than 5 parts by weight, the epoxy resin composition will lose
storage stability.

The epoxy resin compositions of the present invention
may be used in various forms, and when used for impregnating

15 base materials, they are usually dissolved in a solvent.
Typical éxamples of solvents include acetone, methyl ethyl
ketone, toluene, xylene, methyl isobutyl ketone, ethyl
acetate, ethylene glycol monomethyl ether, N,N- .
dimethylacetamide, methanol and ethanol, which may be used

20 individually or in combination of two or more.

The epoxy resin compositions of the present invention
may contain one or more inorganic fillers selected, for
example, from powders of crystalline silica, fused silica,
alumina, zirconium, calcium silicate, calcium carbonate,

25 silicon carbide, silicon nitride, boron nitride, beryllia,
magnesia, zirconia, forsterite, stearite, spinel, mullite and
titania, single crystal fibers of potassium titanate, silicon
carbide, silicon nitride and alumina, and glass fibers.

The amount of the inorganic fibers is preferably not

30 more than 650 parts by weight, more preferably not more than
200 parts by weight, per 100 parts by weight of 100 parts by
weight of the total of (a), (b) and (c). When contained . in
the epoxy resin compositions, they are preferably 2 to 650

parts by weight.
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deternined from tthg difference bt
pressure cooker tledt.Q&MDEC 199Dy

en the weights before and 5 after the
I ght 9 Col or change due to

heati ng: After cqpper foils were} etched away, the | am nates were heated
at 160[err] C for 5frours fm ajr, and then visually observed for col or
change.. Those wi th no color change rated as O, those wth sonme col or
10 change as [err] and those with considerable col or change as X

Resi st ance agai nsThel abbwvel gompovenitssiagme mixeld Kot Fform a giadwd shopard @ ad

| am nat e was, pr.qc e tern ro ol h a
malI-to-malleF?tgﬁigg&Pi 5%F§ ?%ngi%sg 5jfhe2ﬁf%%;ﬁhsu |%h1f§b¥!é'
resi stance bphpeeno&OGthbtoﬁgbrucle&sl&mpnagmammhmﬁmm(hhuivannﬁﬁnu ankhe
test was carr ut, hy l.yi ng. 100 e err] C and
909%RH, and t & rﬁﬁﬁeiﬂnFiaggﬁ g %Eﬁpﬁﬁﬁbg %% 3ﬁ?9§ﬁP?§ éﬁﬁ%ﬁn was
determ nesl. prepreg f£BeNgrigteaswirihgeboatidsst r anddsiaed fdumbemlofodul us
sheets of the prepreg are superposed on each other, with a

metal foil superposed on one or both sides of the superposed
composite, which is then heated and pressed at 150 to 190°C
at a pressure of 20 to 80 kgf/cmﬁ to form a laminate for

10 printed wiring boards.

Multilayer printed wiring boards can also be produced by
bonding two or more printed wiring boards by using the
prepreg.

In the production of prepreg, the drying means the

15 removal of solvents, if any, or making the epoxy resin
compositions non-flowable at room temperature when no solvent
is used.

According to the present invention, the specific
combination of the epoxy resin which is obtained by

20 epoxidizing a condensation product of a phenol with a
hydroxybénzaldehyde, the condensation product of bisphenol A
with formaldehyde, the specific flame retardant and the
specific curing accelerator gives epoxy resin compositions
which can be cured to a high cross-linking density due to the

25 improved reactivity of glycidyl ether groups with phenolic
hydroxyl groups compared with the conventional epoxy resin
compositions, and provides printed wiring boards having a low
hygroscopicity, high heat resistance, good high-temperature
characteristics, a high resistance against electrolytic

30 corrosion, a high resistance against color change due to
heating and a high Tg.

EXAMPLES
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20 were determ ned|ageording—to—3HH C 6481 at roomtenperature and

200[err] C. Units: f|€‘L5 al Hﬁﬁﬁ W {GPa) 1of | exural nodul us (MPa) .

The results show the fol vﬁéﬁ) ters. The bot h-si ded copper-cl ad
| am nat es of Exanplesil.to 4, 25 hefei n a phenol -sal i cyl al dehyde novol ac
epoxy resin was useq as an epoxy fresin, had a high Tg of 195[err]C or

hi gher and were exeettent—a—sotderi ng heat resistance and resi stance
agai nst eIectHehgunaftemrmheopréﬁemﬁzﬂnnenbﬂdﬂﬂﬂimiIbeyﬂasctmbeﬂasms

fromthe er ural, .str flex nodul ure to
those at 200 et i%E‘*%P%ﬁg néqfxam J’g@&’rﬂqul? NS~ an not

i socyanat e- masined ithiedacope oF &h@ulpment mxeehﬁmt or had good storage
stability. The bot h-si ded copper-clad | am nates of Exanples 1 to 4
and Conparative Exanple 1, wherein a bisphenol A novol ac

5 EXAMPLE 1
100 parts by weight of a phenol-salicylaldehyde novolac

epoxy resin (epoxy group equivalent weight: 170), 46 parts by
weight of a bisphenol A novolac resin (hydroxyl group
equivalent weight: 114) and 51 parts by weight of

10 tetrabromobisphenol A (bromine content: 58 % by weight,
hydroxyl group equivalent weight: 272) were dissolved in
methyl ethyl ketone. 0.3 parts by weight of l-cyanoethyl-2-
ethyl-4-methylimidazole was added as a curing accelerator, to
form a varnish containing 65 % by weight of non-volatile

15 matters.

EXAMPLE 2
54 parts by weight of the same phenol-salicylaldehyde
novolac epoxy resin as above, 46 parts by weight of a
20 brominated bisphenol A epoxy resin (bromine content: 49 % by
weight, epoxy group equivalent weight: 400) and 50 parts by
weight of the same bisphenol A novolac resin as above were
dissolved in methyl ethyl ketone. 0.3 parts by weight of 1-
cyanoethyl-2-ethyl-4-methylimidazole was added as a curing
25 accelerator, to form a varnish containing 65 % by weight of

non-volatile matters.

EXAMPLE 3 ,
36 parts by weight of the same phenol-salicylaldehyde

30 novolac epoxy resin as above, 64 parts by weight of
brominated phenol novolac epoxy resin (bromine content:
35.3 % by weight, epoxy group equivalent weight: 284) and 50
parts by weight of the same bisphenol A novolac resin as
above were dissolved in methyl ethyl ketone. 0.3 parts by

35 weight of 1—cyanoethy1-2-ethyl—4—méthylimidazole was added as



15 resin sused,ad—a-godd resi st ance agai nst col or change due
to heating. @ bhﬁqg ntrjary, thosepf Conparative Exanple 1,

wherein- a -cpgk F gdc jepoxy resin was used as an epoxy resin, 5
and Conpar at i irgi n a phenol novol ac resin was used in

A novol ac 1

pl ace of a bi sphenol esin, had a | ow Tg, and their flexura
strength and f 200 C were | ow. That of Conparative
Exanpl e 2, whepusfing mmratornovm formeai vagad shs condaining 6%y adont ,

was |nfeH(M'%£%maré€qn5§s+§i ffegﬂgfgag col or change due to heating, and

those of wher ei n di cyandi ani de was used
had hi gh water absorption and were inferior in the resistance agai nst
electrolytuhixﬁﬁﬁfign. 15 | NDUSTRI AL APPLI CABI LI TY
5 A varnish was prepared in the same manner as in Example
1 with the exception that 0.5 parts by weight of 2-ethyl-4-
methylimidazole masked with hexamethylene diisocyanate was

used in place of the l-cyanoethyl-2-ethyl-4-methylimidazole.

10 COMPARATIVE EXAMPLE 1
A varnish was prepared in the same manner as in Example
1 with the exception that 100 parts by weight of an o-cresol
novolac epoxy resin (époxy group equivalent weight: 195) was
used in place of the phenol-salicylaldehyde novolac epoxy
15 resin, and 38 parts by weight of the same bisphenol A novolac
~ resin as.above and 48 parts by weight of the same |

tetrabromobisphenol A as above were used.

COMPARATIVE EXAMPLE 2 _
20 A varnish was prepared in the same manner as in Example
1 with the exception that 43 parts by weight of a phenol
novolac resin (hydroxyl group equivalent weight: 106) was
used in place of the bisphenol A novolac resin, and 50 parts
by weight of the same tetrabromobisphenol A as above was
25 used.

COMPARATIVE EXAMPLE 3
To a mixture of 80 parts by weight of a lowly-brominated
epoxy resin (bromine content: 21 % by weight, epoxy group
30 equivalent weight: 485) and 20 parts by weight of the same
| phenol-salicylaldehyde novolac resin as above was added 1
part by weight of dicyandiamide dissolved in ethylene glycol
monomethyl ether. 0.2 parts by weight of l-cyanoethyl-2-
ethyl-4-methylimidazole was added as a curing accelerator, to
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When used for the|production off pyinted wring boards, t he epoxy resin
conpositions fo r iGe EEMI9/ngl bbar ds of the present invention give
printed-wiring boards having a lo hygroscopicity, a high heat

resi stance, good high-tenperaturej20 characteristics, a high resistance
agai nst_electroliytic corrosteh, a high resistance against col or change
due to heatlng and a high Tg. 16 VWhat is clained is,

1. (Amended)form epwaynleblﬂonbnpnéngléﬁ FobYawpightle non-volatile

10

15

20

25

30

matters.

- COMPARATIVE EXAMPLE 4

A varnish was prepared in the same manner as in
Comparative Example 3 with the exception that the same o-'
cresol novolac epoxy resin as above was used in place of the

phenol-salicylaldehyde novolac epoxy resin.

The components and the amounts thereof used in the above
Examples and Comparative Examples 1 to 4 are listed in Table
1. The units of the amounts listed in Table 1 are part by
weight. A glass fabric of 0.2 mm thick was impregnated with
each of the varnishes prepared in the above Examples and
Comparative Examples 1 to 4, and then heated at 160°C for 2
to 5 minﬁtes to give prepreg. The storage stability of the
obtained prepreg was evaluated by allowing it to stand at
25°C at 50%RH for 60 days, and then determining the gel time
of the prepreg. Also four sheets of the obtained prepreg
were superposed, with a copper foil of 18 Um thick was
superposed on each side of the superposed composite, which
was then pressed at 175°C for 90 minutes at 2.5 MPa, to form
a both-sided copper-clad laminate. The both-sided copper-
clad laminates thus obtained were tested for Tg, soldering
heat resistance, water absorption, resistance against
electrolytic corrosion, color change due to heating, and
flexural strength and flexural modulus at room temperature
and 200°C. The results are listed in Table 2 and Table 3.
Further tests for non-flammability showed that these both-
sided copper-clad laminates had a non-flammability
corresponding to UL-94 VO.
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Lowly—brominated ‘'epoxy resin
(bromine content: 21 wt%, - -1 =-1-{-1-180180
epoxy group equivalent weight: 485)
Brominated phenol novolac epoxy resin
(bromine content: 35.3 wt%, -/ =164} -1 -1-1-1-
epoxy group equivalent weight: 284)
o—cresol novolac epoxy resin

(epoxy group equivalent weight: 195)
Bisphenol A novolac resin

(hydroxyl group equivalent weight: 114)
Tetrabromobisphenol A

-l -1-1-|1w00]-1]-]20

46 | 50 | 50 | 46 {38 | - | - | -

(bromine content: 58 wt%, 51 | - | - |51 |48 |50} - | -
hydroxyl group equivalent weight: 272)

Phenol novolac resin _ _ _ _ - |al - _
(hydroxyl group equivalent weight: 106)

Dicyandiamide - - - - - - 11010
1-cyanoethyl-2—ethyl-4-methylimidazole | 0.3 | 03103 | - (0303 |02 ] 02

isocyanate—masked imidazole - - - 1051 - - - -
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REPLACEMENT SHEET
_ jﬂ;ﬂﬂﬂﬂiiﬂmﬁyﬁhanoy Fdno;flac resin, and (d) a curing
compr it Si t{ohe I mdaaal e compound. 2. The
onmpo it@%rﬁﬁ%ﬂ@spri Nted wiring board Sgp of claim1, wherein
esin|( | ' | by epoxi di zi ng a condensati on product
sal i cyl al dehydg. 17 3. The
=t +hted wiring board of claim1, wherein

. For—a—p
the condensation product (b)-of bispherfBABLE 2

Example Nos. 1 2 3 4
Immediately after the
Gel time of prepreg (sec) production 122 121 120 125
After 60 days 100 103 101 121
Tg 205 200 195 210
Soldering heat resistance OK OK OK oK
Water absorption (wt%) 056 | 045 | 048 | 059
Days until the occurrence of continuity breakdown >250 | >250 | >250 | >250
Color change due to heating O @) O O
Flexural strength Room temperature 620 638 660 600
200° C 82 84 78 86
Flexural modulus Room temperature 226 23.1 23.3 22.5
200° C 133 13.1 13.1 134
TABLE 3
Comparative Example Nos. 1 2 3 4
: ‘ Immediately after the
Gel time of prepreg (sec) ' production 120 121 ni 120
After 60 days 101 100 95 98
Tg 135 175 162 132
Soldering heat resistance NG OK NG OK
Water absorption (wt%) 0.55 0.58 1.12 1.05
Days until the occurrence of continuity breakdown 205 200 50 55
Color change due to heating @) X A AN
Flexural strength Room temperature 618 633 621 642
200° C 32 57 35 25
Flexural modulus Room temperature 228 | 23.1 22.7 235
200° C 104 124 10.2 9.5

10

The tests were carried out as follows.

Tg: After copper foils were etched away, Tg was
determined by TMA (thermomechanical analysis). Unit: °C

Soldering heat resistance: After copper foils were
etched away, the laminates were placed in a pressure cooker
tester for 2 hours and then dipped in solder at 260°C for 20
seconds. Then the appearance of the laminates was visually
observed. In the Tables, NG means the occurrence of measling
or blistering, and OK means the absence of measling or

blistering.



NEFLAVLIMILING VTR
A wth formal dehydg is a bi sphen¢l |A novol ac resin. 5 4. The epoxy
resin conposition florQ6 DECPSH i 4i ng board of claim 1, which contains
0.5 to 1.5 equivdl gnts of phenolijc hydr oxyl groups of the condensation
product (b) per } —equrvalent of gpoxy groups of the epoxy resin (a). 10
S. The epoxy rgsin_conposition far a printed wiring board of clain11
wherein the fiame retardant (c) is t et rabr onobi sphenol A . The

epoxy resin conpo@ﬁt?§napéprﬁtéppnté§UQHWQQ?Hﬁ£MﬁP¥Q§(ﬂeﬁﬁeﬁtﬁhﬁdmﬂvﬂﬁrn
the flame retaedaghihatesS ward! b?.aﬁ%'d in £PRsRrd %J%P@éﬁ%@e?ei 8

7. The epoxy resin conposition printéd wring board alm1,
wherein the hpune.renéraaﬁtwﬁtprlgb&dmpﬁﬁqnﬂQﬁjeaCh laminate was

determined from the difference between the weights before and
5 after the pressure cooker test. Unit: % by weight
Color change due to heating: After copper foils were
etched away, the laminates were heated at 160°C for 5 hours

in air, and then visually observed for color change. Those
with no color change rated as C), thoSe with some color

10 change as 4, and those with considerable color change as X.

Resistance against electrolytic corrosion: Each both-
sided copper-clad laminate was processed into a test pattern
having through holes with a wall-to-wall distance of 350 Um,

- and then the insulation resistance between 400 through holes
15 were measured continuously. The test was carried out by
applying 100 V in an atmosphere of 85°C and 90%¥RH, and the
time until the occurrence of continuity breakdown was
determined.

Bending tests: Flexural strength and flexural modulus

20 were determined according to JIS C 6481 at room temperature
and 200°C. Units: flexural strength (GPa), flexural modulus
(MPa).

The results show fhe following matters.

The both-sided copper-clad laminates of Examples 1 to 4,

25 wherein a phenoi-salicylaldehyde novolac epoxy resin was used
as an epoxy resin, had a high Tg of 195°C or higher and were
excellent in soldering heat resistance and resistance against
electrolytic corrosion. They also exhibited lesser decreases
from the flexural strength and flexural modulus at room

30 temperature to those at 200°C. The prepreg of Example 4
produced by using an isocyahate-masked imidazole as a curing
accelerator had good storage stability. '

The both-sided copper-clad laminates of Examples 1 to 4
and Comparative Example 1, wherein a bisphenol A novolac



REPLACEMENT bH U _
20 product of a Iy off § condensation product of phenol wth
f or mal dehyde. @E @ppx rlesin cayydsition for a printed wring
board - of clai el n thq cduring accelerator (d) is an 25
| socyanat e- masked |&]da7nln 0. A llamnate for a printed wiring
board produced by I npregnatin base"material with a resin varnish
cont ai ni ng t he—epoxy Te€STn_conposition for a printed wiring board of 30
claim1 and:mnsdnmwas>m&m@wﬁh@@r@ggog@p@egbgtagcatagéassttqglor chapges of
t he prepreg #Lp‘?ntgaﬁ dLPihgr, with a metal foil - superposed on one or

both sides o he” superpo ed conposite, and heating and pressing the
super posed conpostae ethe contrary, those of Comparative Example 1, wherein

an o-cresol novolac epoxy resin was used as an epoxy resin,

5 and Comparative Example 2, wherein a phenol novolac resin was
used in place of a bisphenol A novolac resin, had a low Tg,
and their flexural strength and flexural modulus at 200°C
were low. That of Comparative Example 2, wherein a phenol
novolac resin was used as a curing agént, was inferior in the

10 resistance against color change due to heating, and those of
Comparative Examples 3 and 4 wherein dicyandiamide was_used
had high water absorption and were inferior in the resistance

against electrolytic corrosion.

15 INDUSTRIAL APPLICABILITY
Wheﬁ used for the production of printed wiring boards,
the epoxy resin compositions for printed wiring boards of the
present invention give printed wiriné boards having a low
hygroscopicity, a high heat resistance, good high-temperature
20 characteristics, a high resistance against electrolytic
corrosion, a high resistance against color change due to

heating and a high Tg.
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17/1 10. | (pdEd) The ep Xy resin conp05| d

W ring board of ¢l &i nfains 306to 20 ’"ﬂn luﬂm mu&fght of
the flame retard@n p‘% per 100 afts by weight o esin (a).
5 11. (Added) I b conposition.for a printed W ring
board of claim1} which contains 0J01 to 5 parts by wei ght of the
curing accel erat (ay_per 100 parts by weight of the epoxy resin (a)
10 12. Whalddsg) clagmedpdRy resin conposition for a printed Wi ring
board of claim 1, wherein the flanme retardant (c) is a brom nat ed

bi sphenol ‘A epoxy resin. 15 13. (Added) The epoxy resin conposition
for a printéd (Amended) An epoxy resin composition for a printed

wiring board, comprising (a) an epoxy resin obtained by

5 epoxidizing a condensation product of a phenol with a
hydroxybenzaldehyde, (b) a condensation product of bisphenol
A with formaldehyde, (c) at least one flame retardant
selected from the group consisting of a halogenated bisphenol
A epoxy resin, a halogenated bisphenol F epoxXy resin, a

10 halogenated bisphenol S epoxy resin, a halogenated phenol
novolac epoxy resin, a halogenated cresol novolac epoxy
resin, a halogenated bisphenol A novolac epoxy resin, a
halogenated bisphenol F novolac epoxy resin, a halogenated
alicyclic epoxy resin, a halogenated aliphatic linear epoxy

15 resin, a halogenation product of a glycidyl ester epoxy

| resin, a.halogenation product of a glycidylamine epoxy resin,

a halogenation product of a hydantoin epoxy resin, a
halogenation product of an isocyanurate epoxy resin, a
glycidyl ether of a halogenated dihydric phenol, a glycidyl

20 ether of a halogenated dihydric alcohol, a halogenated
bisphenocl A, a halogenated bisphenol F, a halogenation
product of a polyvinylphenol, a halogenated phenol novolac
resin, a halogenated cresol novoiac resin, a halogenated
alkylphenol novolac resin, a halogenated catechol novolac

25 "resin and a halogenated bisphenoi F novolac resin, and (d4) a

| curing accelerator comprising at least one imidazole

compound.

2. The epoxy resin composition for a printed wiring board
30 of claim 1, wherein the epoxy resin (a) is obtained by
epoxidizing a condensation product of phenol with

salicylaldehyde.
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(Added The epoxy Yesin*

'j—

conposi tion for a priinted WLLLnd board of - cIa|n11 wherein the curing
accel erator (d) i's 1-cyanoet hyl 42- et hyl - 4- et hyl i mi dazol e.
3. . The epoxy resin composition for a printed wiring board
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of claim 1, wherein the condensation product (b) of bisphenol

A with formaldehyde is a bisphenol A novolac resin.

4. The epoxy resin composition for a prlnted wiring board
of claim 1, which contains 0.5 to 1.5 equivalents of phenolic
hydroxyl groups of the condensation product (b) per '
equivalent of epoxy groups of the epoxy resin (a).

5. The epoxy resin composition for a printed wiring board
of claim 1, wherein the flame retardant (c) is
tetrabromobisphenol A.

6. The epoxy resin composition for a printed wiring board
of claim 1, wherein the flame retardant (c) is s glycidyl
ether of tetrabromobisphenol A.

7. The epoxy resin composition for a printed wiring board
of claim 1, wherein the flame retardant {(c¢) is a brominated

product of a glycidyl ether of a condensation product of

'phenol with formaldehyde.

8. The epoxy resin composition for a printed wiring board
of claim 1, wherein the curing accelerator (d) is an
isocyanate-masked imidazole.

9. A laminate for a printed wiring board produced by
impregnating a base material with a resin varnish containing
the epoxy resin composition for a printed wiring board of
claim 1 and drying to form prepreg, superposing at least two
sheets of the prepreg upon each other, with a metal foil
superposed on one or both sides of the superposed composite,

and heating and pressing the superposed composite.
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10. (Added) The epoxy resin composition for a printed
wiring board of claim 1, which. contains 30 to 200 parts by
weight of the flame retardant (c) per 100 parts by weight of

the epoxy resin (a).

11. (Added) The epoiy resin composition for a printed
wiring board of claim 1, which contains 0.01 to 5 parts by
weight of the curing accelerator (d) per.100 parts by weight
of the epoxy resin (a). ' '

12. (Added) . The epoxy resin composition for a printed
wiring board of claim 1, wherein the flame retardant (c) is a

brominated bisphenol A epoxy resin.

13. (Added) The epoxy resin composition for a printed
wiring board of claim 1, wherein the curing accelerator (d)
is a imidazole compound having an imino group masked with

acrylonitrile, isocyanate or melamine acrylate.

14, (Added) The epoxy resin composition for a printed
wiring board of claim 1, wherein the curing accelerator (d)

is l-cyanoethyl-2-ethyl-4-methylimidazole.



