1 SPEC!I FI CATI ON  THERMOSETTI NG RESI N COMPCSI TI ON AND PREPREG AND

LAM NATE BOTH MADE W TH THE SAME BACKGROUND OF THE | NVENTION [0001] The
present invention relates to a thernosetting resin conposition which is
bal anced in all of a netal foil adhesive property, a heat resistance, a
noi sture resistance, a flane resistance, a netal-stuck heat resistance and
dielectric characteristics (a relative dielectric constant and a
dielectric loss tangent), |ow igpgctiexicaitiyynand excellent in a safety and
a working environment and which is suitably used for electronic parts and
the like and a prepreg and a |am nated plate which are prepared by using
the sanme. RELATED ART [0002] Thernpsetting resins are widely used in the

fields ohERMESETQING RESIS anMpPbLBE TIIOKe AND WRECRES RANDH LA TNATH iBOTH S
required since a specific cross-linking structure thereof displays a high

heat resistance and a high dingysiwnel Tt adaMEty. Particularly in copper
clad lam nated plates and interlayer insulating materials, a high copper
foil adhesive property for formng fine wirings and a workability in 1
carrying out works such as boring and the like by drilling and punching

are reguckedosapwek! THR ondenTtonnmeet requirenents for density growth in
recent years.
[0001]

The present invention relates to a thermosetting resin
composition which is balanced in all of a metal foil adhesive
property, a heat resistance, a moisture resistance, a flame
resistance, a metal-stuck heat resistance and dielectric
characteristics (a relative dielectric constant and a
dielectric loss tangent), low in a toxicity and excellent in a
safety and a working environment and which is suitably used

for electronic parts and the 1like and a prepreg and a

laminated plate which are prepared by using the same.

RELATED ART
[0002]

Thermosetting resins are widely used in the fields of
electronic parts and the like to which a high reliability is
required since a specific cross-linking structure thereof
displays a high heat resistance and a high dimensional
stability. Particularly in copper clad laminated plates and
interlayer insulating materials, a high copper foil adhesive

property for forming fine wirings and a workability in



Mounting of electronic parts produced by using |ead-free solders and flane
retardation free of halogens are required due to environnental problens in
recent years, and this requires the higher heat resistance and the higher
flame resistance than those of conventional ones. Further, in order to
enhance a safety of the products and the working environnment, desired is a
thernosetting resin conposition which is constituted only from conponents

havi ng cark@Wngt @UtCivdr 1N ds Wt Chis d9es1i At afianNehat a itkeXirs, aases] aig 4Re
| i ke. [0003] "A bisnal eimde conpound is a curing agent for thernosetting

resi nspphcBhngl CaXCekly@ft-eldn &4 elyeehrif ekacactedi abkes, rayid dents
resi stance and a heat resistance. Publicly known bi smal ei m de conpounds do

not havgradeWsiRg gr@ath vint ¥aMdnt R4 . resins, and therefore when they
are used as they are for thernosetting resins of an epoxy curing base,

the problem {BahttHg beale V&S AN Gd St $NPEEANBEAPEGN ud iNP! Ve PRESI N

That is, disclosed are cases (refer to, for exanple, a pat'ent docunent 1

and a pghaRksdOsIERl afk  FEORFGAPHok NEERSELET MR ITRAS hReWhi&h, Addyct s
of bismal el m de conpounds and am nophenol are produced by heating and

kneadi BgeWi ftﬁo%nﬁir@ﬂm%?i't‘ég”t %rﬁ'?}ie&h%?d-in"b‘&%‘é%rnt a dfld  ofnd hegpduct s

of the bisnmal ei mde conpounds a am nophenol 2 i1s I'ow, and when they are

(RSP RIRREL that LA olepll 8 E5sSHuhL0l Al T GNLES e 1o
resistance than those of conventional ones. Further, in order
to enhance a safety of the products and the working
environment, desired 1is a thermosetting resin composition
which is constituted only from components having a low
toxicity and which does not generate toxic gases and the like.

[0003]

A bismaleimide compound is a curing agent for
thermosetting resins which are excellent in dielectric
characteristics, a flame resistance and a heat resistance.
Publicly known bismaleimide compounds do not have a curing
reactivity with epoxy resins, and therefore when they are used
as they are for thermosetting resins of an epoxy curing base,
the problem that the heat resistance 1is short has been
involved therein. That is, disclosed are cases (refer to, for
example, a patent document 1 and a patent document 2)
regarding thermosetting resins in which adducts of
bismaleimide compounds and aminophenol are produced by heating

and kneading without using solvents and used. However, a yield

of the adducts of the bismaleimide compounds and aminophenol



Nélanine,resips whi ch are thernosetting resins and guanam ne conpounds are
excellent in an adhesive property, a flane resistance and a heat

resi stance, but they are short of a solubility in organic solvents, and

t here have been involved therein the problens that it is difficult to
produce thernosetting resin conpositions without using a | arge amount of
nitrogen atom containing organic solvents such as N, N di net hyl for mram de

and thed i kgwhi ghqarghéh ghiney 0%ire afdelihator t kst aga a3 abhhi h¥ted
short. Further, copper clad lam nated plates and interlayer insulating

mat eri 1%ty ch Al prigRanad ydly UsHRGILRE riRPOVRLtRerimmset ti Rg e eshagthave
i nvol véd the problemthat they contam nate various chem cal |iquids such

s 2 Flgg%ig&ﬂdéw%@%f%iif@yw Prodyck 89, pbeghbppic parts and the

A lot of cases regarding thernosetting resins prepared by
usi ng nghagisqe resins and guanam ne conpounds are known as resins for
sol ving the above problens (refer to, for exanple, patent docunents 3 to

7). They arerefi%&ml%ettf'é@iwsiwgi@ﬁepa&%d h GARARRS iy NEL QW Ae %ﬁ%{i ns

and guanam ne conpounds using al dehydes such as formal dehyde and the 1ike

and | myrayetiidd a-SRbYBALEL Yarld eBcOf BaHE C 150l HENLENRY Vet b ltaie, a Low

t hermal”™ deconposition tenperature and generate toxic cracked gases, so

that thaymedelald oralee thagval did S TONRIL, aPd akfe3NUde Adndrfiegt

resi stance agai nst lead-free solders and a copper-stuck heat resistance

whi ch %r%dfﬁﬂgff%yifhr8f§Q£i¥e§5§veEEEEh%hd E%ere have been involved
therein the problems that it is difficult to produce
thermosetting resin compositions without using a large amount
of nitrogen atom-containing organic solvents such as N,N-
dimethylformamide and the like which are highly toxic and that
the storage stability is short. Further, copper clad laminated
plates and interlayer insulating materials which are prepared
by using the above thermosetting resins have involved the
problem that they contaminate various chemical liquids such as
a plating liquid and the like when producing electronic parts
and the like.

[0005]

A lot of cases regarding thermosetting resins prepared by
using melamine resins and guanamine compounds are known as
resins for solving the above problems (refer to, for example,
patent documents 3 to 7).

They are thermosetting resins prepared by condensing

melamine resins and guanamine compounds using aldehydes such

as formaldehyde and the like and improved in a solubility in



fine working treatment and formation of wirings, they are short of a
copper foil adhesive property, a flexibility and a toughness, and brought
about are the failures that the circuit patterns are broken or peeled and
that cracks are produced in carrying out works such as boring and the like
by drilling and punching. Also, a case (refer to, for exanple, a patent
docunent 8) regarding nethyl ol ed guanam ne resins is disclosed, but

pr obl eg&f?%éige &Q}er{tesSi sﬁﬁgc%héﬁhehégge% VEoRT Otpr?éf%alt @%coﬁ@?&?ﬂi'éﬂa-f y

and th are invol ved therein‘as Is the case W th those

above. EURbOELyy b sclapeders Bieaeoliel Qlrdied Ol APl g0 acypal oy

docunen regardi ng thernosetting resins prepar usi ng adducts “of

bi sl e gi de; Gpupounds. ajgy @I HORIAGGAGLT M1 Clt AT gnpELAUGEd, Wiiiqut

usi ng an organic Solvent, enzoguanam ne yde condensati on

product egqgké gelgﬁggﬁgﬁ$t%%ggyﬁgg es%lﬁ@@érgﬂgag.q%ﬁﬂgggﬁ%#ﬁgﬁ h%%ﬁﬁs

tenperature and are resi stance agal n ree so

and & gopPeraRLuckuienl Lesi siange il oh e dpaulLedoin HRGEe, yoaLs

[ 0006] sphorus-conta C ounds used as  public nown

non- hal pgen Qfosﬁifrl m%xregxtt%{eqﬁ:ﬂt Enhnckggxg%ﬁgnphé’fp M sso'ﬁ%f are

phosphoric ester ¢ ounds such as trip phosphat’e ~and t he 17 ke,

cpoxy AP BRa= e BnhP ARERPIRE " BBRE RS on R TRELYRLERTL BN 2

been fq%gﬁbﬁﬁggs, and brought about are the failures that the circuit

patterns are broken or peeled and that cracks are produced in
carrying out works such as boring and the like by drilling and
punching.

Also, a case (refer to, for example, a patent document 8)
regarding methyloled guanamine resins 1is disclosed, but
problems on the heat resistance, the adhesive property, the
workability and the like are involved therein as 1is the case
with those described above.

Further, disclosed is a case (refer to, for example, a
patent document 9) regarding thermosetting resins prepared by
using adducts of bismaleimide compounds and aminobenzoic acid
which are produced without using an organic solvent,
benzoguanamine formaldehyde condensation products and the like,
but they have a low thermal decomposition temperature and are
short of a heat resistance against lead-free solders and a
copper-stuck heat resistance which are required in recent
years.

[0006]



thernnsetting resins prepared by using the above conpounds are notably
reduced in dielectric characteristics (a relative dielectric constant and
a dielectric loss tangent), a heat resistance, a noisture resistance, an
electric corrosion resistance and the |ike. [0007] Patent docunent 1:
Japanese Patent Publication No. 34899/1988 Patent docunent 2: Japanese
Pat ent Application Laid-Qpen No. 32969/1994 Patent docunent 3. Japanese

Pat ent Publigaghon 1881t a BRI gt A9GIBBMs 4usbdPangspist £01
Appl i cation Laid-(kﬁ#?s : 67942/f%98 5gtent docuﬁ%n# 5: Japaﬁése Pat%nt

Appl i CRhLAR W3RN0 -ba del 67 PAOOde PaE 8RR + 0 HEB IO r el AR SR SN
Application Laid-Open No. 258820/1990 Patent docunent 7: Japanese Patent

Appli cabh QB baibdo e Yo o Sk 7O In Fét 8RR d9SURN L3 n viaRaNaseh fRad ent

Publ i cation No. 61051/1987 Patent docunent 9: JapaneSe Patent Publication

8342/ 1994 $rBl SGUELRE LR FHE LAWENTLEN - LORDRL . Lig | Ealiboohathe abovs

exi sting situations, n ] ect e present 1nventioh Is to provide a

e orEbbLRS- S Oncanany (OB UNLeins balantsd el ot SyRalylol

resi stg0eepngsPhhak StHek heal rashgtance 1@ rebatiMen found that
thermosetting resins prepared by using the above compounds are
notably reduced in dielectric characteristics (a relative
dielectric constant and a dielectric loss tangent), a heat
resistance, a moisture resistance, an electric corrosion
resistance and the like.

[0007]

Patent document 1: Japanese Patent Publication No. 34899/1988
Patent document 2: Japanese Patent Application Laid-Open No.
32969/1994
Patent document 3: Japanese Patent Publication No. 46584/1987
Patent document 4: Japanese Patent Application Laid-Open No.
67942/1998
Patent document 5: Japanese Patent Application Laid-Open No.
11672/2001
Patent document 6: Japanese Patent Application Laid-Open No.
258820/1990
Patent document 7: Japanese Patent Application Laid-Open No.
145476/1991

Patent document 8: Japanese Patent Publication No. 61051/1987

Patent document 9: Japanese Patent Publication 8342/1994



dielectrjc constant and a dielectric |oss tangent and a prepreg and a
| ami nated pl ate which are prepared by using the same. [0009] |ntensive
researches repeated by the present inventors in order to achieve the
obj ect descri bed above have resulted in finding that a thernosetting
conposition conprising a netal salt of disubstituted phosphinic acid,
mal ei m de conpound, a 6-substituted guanam ne conpound or di cyandi am de
and an epoxy resin neets the object described above and that it is

advant ageously used as a thernpsetting resin conposition

plate. DTQQLP §gnbp FyentiheaNtaspeen conpleted based on the above

know edge

resin CPHRE §ﬂt|on a prepreg and a | am nated plate each shown bel ow.
t hernosetting resin conp05|t|on conprising: 6 (A a netal salt of

di subst it ut egPhosill nie gl dan6B) auTalal dey ompound ha! Bg.

N- substitute

group Pn-a holecul substi tu &Ft guan

COWO“EHergygfgéﬁﬂEeduW?ﬁ% o éo‘ﬁ‘ong&af%%ka zgl)tl%rr%?cé(@{' ol xgeoslzia_r}‘

an epoxy r

1]

avin mo €po ecu

composition which is balanced in all of a metal foil adhesive

y gioups in

property, a heat resistance, a moisture resistance, a flame
resistance, a metal-stuck heat resistance, a relative
dielectric constant and a dielectric 1loss tangent and a
prepreg and a laminated plate which are prepared by using the
same.

[0009]

Intensive researches repeated by the present inventors in
order to achieve the object described above have resulted in
finding that a thermosetting resin composition comprising a
metal salt of disubstituted phosphinic acid, a maleimide
compound, a 6-substituted guanamine compound or dicyandiamide
and an epoxy resin meets the object described above and that
it is advantageously used as a thermosetting resin composition
for a laminated plate. The present invention has been
completed based on the above knowledge.

[0010]

That is, the present invention provides a thermosetting
resin composition, a prepreg and a laminated plate each shown
below.

1. A thermosetting resin composition comprising:

resin
a

for a | am nat ed

10] That is, the present invention provides a thernosetting

1. A

am ne
d (D
[ Ka



HZN' NYNHZ IN /N IRRL (1) (wherein Rl represents phenyl, nethyl, allyl,

. vinyl, butyl, nmethoxy or benzyloxy). [0012] 2. The thernosetting resin
conposition according to the above item 1, wherein the nal eimde conmpound
(B) having a N- substituted mal eimde group in a nolecule contains a
conpound having an acidic substituent and an unsaturated nal ei mde group
represented by the followng Formula (3) or Formula (4), which is a

product gr%d%%dlbﬁaa‘rle@%%m&}b-slei&%eﬂ 'éeifgrbjﬁgpc\g,rmp‘%)w,bhavi ng at | east

two N-substitute elmde groups In ano -2) an am ne

(2 i n B For A RREER, CooRboRhy, FRHASDIF TN Eh el iR g o
R2 each, Lepr6sent s, didependently an acidic substituent selected froma
hydrong g%oup, a carboxy ‘group and a sulfonic acid group; R3 each

nd . h . ] 3
navi g (£t 0% Cas BaaChr §tadoy SARHER AL T RomBlA! Rl de e By O 05 P
and y 3130, P rmla 41h° ¥ AW ASUR e %6, 0d ¥ 1S 5): [0014]
(D) an epoxy resin having at least two epoxy groups in a
molecule:

[0011]

[Ka 1]

T
Ry (1)
(wherein R; represents phenyl, methyl, allyl, vinyl, butyl,
methoxy or benzyloxy).
[0012]
2. The thermosetting resin composition according to the above
item 1, wherein the maleimide compound (B) having a N-
substituted maleimide group in a molecule contains a compound
having an acidic substituent and an unsaturated maleimide
group represented by the following Formula (3) or Formula (4),
which 1is a product produced by reacting (b-1) a maleimide
compound having at least two N-substituted maleimide groups in
a molecule with (b-2) an amine compound having an acidic

substituent represented by the following Formula (2) in an



[Ka 3] 00 NN~-N a (Ra)a (R2) (R3),. (3) (wherein R2, R3, x and y
represent the sanme ones as in Fornmula (2); R4 each represents

i ndependently a hydrogen atom an aliphatic hydrocarbon group having 1 to
5 carbon atons or a halogen atonm); [0015] [Ka 4] 8 1J/ I~ N HN -/)~R~Xx
~R4 1IWOJ (R-y (4) (wherein R2, R3, x and y represent the sane ones as in
Formula (2); R5 and R6 each represent independently a hydrogen atom an
allphaglggagg QARG group having 1 to 5 carbon atons or a hal ogen aton
and A is-an alkylene group, an al kylidene group, an ether group, a

sul f onyl grRayp or a group represented by the following Formula (5): [0016]
[ Ka 5] %g Fao-O 0 [0017] 3. A prepreg obtained by inpregnating or
coatlan% Q%se material with the thernosetting resin conposition according

to
==\{Ry),
H,N \|/

(Rs)y (2)

(wherein R, each represents independently an acidic substituent
selected from a hydroxyl group, a carboxy group and a sulfonic
acid group; Rs each represents independently a hydrogen atom,
an aliphatic hydrocarbon group having 1 to 5 carbon atoms or a
halogen atom; x is an integer of 1 to 5, and y is an integer
of 0 to 4; and a sum of x and y is 5):

[0014]

(Ra)y 3)

[Ka 3]

(wherein R;, Rs, X and y represent the same ones as in Formula
(2); Ry each represents independently a hydrogen atom, an
aliphatic hydrocarbon group having 1 to 5 carbon atoms or a
halogen atom);

[0015]

[Ka 4]



the above item1 or 2 and then subjecting it to a B stage. 4. A | am nated

. plate obtained by |am nating and nolding the prepreg according to the
above item 3. 5. The |lam nated plate according to the above item 4, wherein
it is a netal clad |lam nated plate obtai ned by superposing a netal foil on
at | east one side of the prepreg and then heating, pressing and nol ding
it. 9 [0018] The thernosetting resin conposition of the present invention
is balanced in all of a nmetal foil adhesive property, a heat resistance, a
noi sture resistgpce, a flane resi$gance, a netal-stuck heat resistance, a

relative diel r|c n-——and |electr|c | oss tangent, and it has a
| ow toxicity gnd ex el~\nt welf | £1Y and a wor ki ng

envi ronnent . or di epre &Ea an ed pl ate whi ch have
excel | ent perfor ncdﬁ&pan despro ded e/present i nvention using the
above thernosetting resin conposition. [ Expl anati on of the Draw ng
[0019] Fig. 1 is a gas chromatographic chérfvdramﬁhg ) showing a result

obt ai ned by anal yzing a solution of the mal einm de conmpound (B-2) obtained
i n ProdwitdramirExdanplRe, 2 xbyerdPG§ BESTesODE EOR GARRYIONG sOUMs THE FdENTEON
[ 0020] The present invention shall be explained belowin details. The
t her noget)t;i Iy mesi RsCeaphsiriepaesehtt hendeapesetent invweiydiogen catoact ani zed
by conprising (A) a netal salt of

aliphatic hydrocarbon group having 1 to 5 carbon atoms or a

halogen atom; and A is an alkylene group, an alkylidene group,
an ether group, a sulfonyl group or a group represented by the

following Formula (5):

[0016]
[Ka 5]
A A
(5)
[0017]

3. A prepreg obtained by impregnating or coating a base
material with the thermosetting resin composition according to
the above item 1 or 2 and then subjecting it to a B stage.

4., A laminated plate obtained by laminating and molding the
prepreg according to the above item 3.

5. The laminated plate according to the above item 4, wherein
it is a metal clad laminated plate obtained by superposing a
metal foil on at least one side of the prepreg and then

heating, pressing and molding it.



di'substituted phosphinic acid, (B) a maleinide conpound having a

. N-substituted naleinde group in a nolecule, (C) a 6- substituted guanani ne
conmpound represented by the following Formula (1) or dicyandi am de and (D)
an epoxy resin having at 10 |east two epoxy groups in a nolecule. First,
the metal salt of disubstituted phosphinic acid which is the conponent (A)
can be represented by the followng Formula (6): [0021] [Ka 6] O 11 M
O -RAJ R&g1di6) (wherein R7 and R8 each represent independently an

al i phatic hydrocarbon group having 1 to 5 carbon atons or an aromatic

hydrocarbon giup; t%fxﬁ&é@@@ﬂﬁ& mekah nSel R iffidn Lior Nagh pMiset® ST,
Ba, Al, G, Sn, Sb, B, Zn, Ti; Zr, Mh, Fe and Ce; and r iIs an |nteger of

1to 9)1J1Jé}?c?&?;’ﬁogﬁ%géré}§légt éﬂf a‘i'ls%bﬁtal theeth pﬂ?fi)héﬁhés%édpﬁéépg %‘g,

produced by a ne i n Japanese Patent I cation La

No. 2686/7001. +8L3ahletan: b, Pt 81 DedlosGQRTRLE! a'aJ yfigrg@ £LasLpgho8G |

Addition o the a ove netal di substit utéd phosphinic ac

essent il eﬁ?fpggﬁé'{z pRkes jidsnassible Lo %&% 148 t&‘lee dé@@ii@“&o%%ﬁﬁt
reSIStance rel'ectric characteri'stics heat nol st
res'St%HﬁP a dielectric loss tangent, and it has a low toxicity and
is excellent as well in a safety and a working environment.
Accordingly, a prepreg and a laminated plate which have

excellent performances can be provided by the ©present

invention using the above thermosetting resin composition.

Brief Explanation of the Drawing
[0019]
Fig. 1 is a gas chromatographic chart drawing showing a
result obtained by analyzing a solution of the maleimide

compound (B-2) obtained in Production Example 2 by GPC.

BEST MODE FOR CARRYING OUT THE INVENTION
[0020]

The present invention shall be explained below in details.
The thermosetting resin composition of the present
invention is characterized by comprising (A) a metal salt of
disubstituted phosphinic acid, (B) a maleimide compound having
a N-substituted maleimide group in a molecule, (C) a 6-
substituted guanamine compound represented by the following

Formula (1) or dicyandiamide and (D) an epoxy resin having at

10



The metal Min Fornmula (6) is preferably Al or Na from the viewpoints of
making it posSible to increase a content of phosphorus in the conpound and
the noisture resistance, and it 1is particularly preferably Al fromthe
viewpoi nt of the 11 dielectric characteristics. Further, RO and Rlo in
Formula (6) are preferably an aliphatic hydrocarbon group having 1 to 5
carbon atons from the viewpoint of making it possible to increase a

cont ent] Hfst p&wp&%y% [?Poﬁ;% £RNpoMHHecand. they are particularly _
preferably methyl, ethyl or propyl. [0022] The nal ei m de conpound having a

N-substitutedrypalel nife GroHp 5918 WY equbgpWhi ehcka ghfos%smpi@nhcﬁ%)
e as the nml ei

i ncl udes N- phenyl nmal ei m de and N-hydroxyphenyl mal ei m m de

conmpoungd, hayi ng g@sh%ﬁgeﬁemum maleigd g%;%é%[hlé}llﬁéﬁ a,y PhEeCYhe 1 oRRd gt he

mal ei m de conpou g two N-substitut mal el m de groups Iin a nolecul e
is pr Effg‘ffrﬁﬂa Tpéa) jral ei m de conpound having at |east two N-substituted
mal ei m de groups in a nolecule which is the conponent (B) includes, for
exanpl e,r Rj-5(;4- mal ei m dephenyl ) net hane,  pol y(nal ei mi dephenyl ) net hane,

bi s(4- mal el m"dephenyl ) ether, bis(4-malei m dephenyl)sulfone,

3, 3-di %pg-S,S-ethyl-4,4- di phenyl net hanebi smal ei m de,

4-neth3$§ ,é—phenylnebis | ei m de, m phenyl enebi snal ei m de, 2, 2-bis[4-(4-
mal ei m dephenoxy) ph nyl]ﬁfopa e and the |ike. Anmong them

bi s(4- mal ei m dephenyl ) netlhane, \ m phenyl enebi snal ei m de and

bi s(4- mal ei m deph¥n '§UTF6ﬂ%7 ich have a high reactivity and

Re " (6)
(wherein R; and Rg each represent independently an aliphatic
hydrocarbon group having 1 to 5 carbon atoms or an aromatic
hydrocarbon group; M represents metal selected from Li, Na, K,
Mg, Ca, Sr, Ba, Al, Ge, Sn, Sb, Bi, Zn, Ti, Zr, Mn, Fe and Ce;
and r is an integer of 1 to 9).

The above metal salt of disubstituted phosphinic acid can
be produced by a method described in Japanese Patent
Application Laid-Open No. 2686/2001. Also, it can be obtained
commercially from Clariant AG. Addition of the above metal
salt of disubstituted phosphinic acid as an essential
component makes it possible to provide the excellent flame
resistance, low dielectric characteristics and heat and
moisture resistance.

The metal M in Formula (6) is preferably Al or Na from
the viewpoints of making it possible to increase a content of

phosphorus in the compound and the moisture resistance, and it

is particularly preferably Al from the viewpoint of the

11



can provjde the thernosetting resin conposition with a higher heat

resi stance are preferred, and m phenyl enebi smal ei ni de and

bi s(4- mal ei m dephenyl ) met hane are nore preferred fromthe 12 viewpoint
that they are inexpensive. Bis(4- mal eimdephenyl) methane is particularly
preferred in terns of a solubility in solvents. [0023] Further, the
conpound havi ng an acidic substituent and an unsaturated nal eim de group

whi ch i arReduced darfLaed+ o {&s. 1) the mal ei m de conpound having at | east
two N-substituted naleimde groups in a nolecule as described above with

(b-2) the am,ReneTPORNd hHavi RY, AAnaCkdlfusHbSIé ) Uaie T BREFEALAY PYn the
foll ow ng Formul a (é) in an organic solvent is suitably "used as fhe

conmpongnti JhBki d 0R¢4}och KBoAl gqudﬁzl\haan%x A RBYY A 2}t MbET &t each

represents I ndependently an acidic substifuent selected froma hydroxyl

group, +@eCarNaRyo B OUB ranthi& i { ONpessaphd chd)UPhc@%§éCE & tsr

i ndependently a hydrogen atom~ an aliphatic hydrocarbon group having 1 to

5 carb a; -~ halyegen is i nt eggr, of t hS an
%@10%#3‘?1 tu%r4;1n P m@%l?ﬁ%)(uﬁd, ahd )E’H?gozglﬂe °p§rti‘891¥r%%ound

i ntege and a su and y 1s 5). The am ne co

(b-2) %@%%%%@%?jﬂ@%ﬂ?ﬁﬁ“&éﬁ%ﬁnoriﬂ¥3¢§¥§’ for exanple, mam nophenol
p- am nophenol,
[0022]

The maleimide compound having a N-substituted maleimide

group in a molecule which is the component (B) includes N-

phenylmaleimide and N-hydroxyphenylmaleimide as the maleimide

compound having one N-substituted maleimide group 1in a

molecule, and the maleimide compound having two N-substituted

maleimide groups in a molecule is preferred.

The maleimide compound having at least two N-substituted

maleimide groups in a molecule which 1is the component (B)

includes, for example, bis(4-maleimidephenyl)methane,
poly(maleimidephenyl)methane, bis(4-maleimidephenyl) ether,
bis(4-maleimidephenyl)sulfone, 3,3-dimethyl-5, 5-ethyl-4, 4-

diphenylmethanebismaleimide, 4-methyl-1,3-phenylnebismaleimide,

m-phenylenebismaleimide, 2,2-bis[4-(4-
maleimidephenoxy)phenyl]propane and the like. Among them,
bis(4-maleimidephenyl)methane, m-phenylenebismaleimide and

bis(4-maleimidephenyl)sulfone which have a high reactivity and
can provide the thermosetting resin composition with a higher
heat resistance are preferred, and m-phenylenebismaleimide and

bis(4-maleimidephenyl)methane are more preferred from the

12



13 am nophenol, p-am nobenzoic acid, mam nobenzoic acid, o- am nobenzoic

. acid, o-am nobenzenesul fonic acid, m am nobenzenesul fonic acid,

p- am nobenzenesul fonic acid, 3,5- dihydroxyaniline, 3,5-dicarboxyaniline
and the like, and anong them m am nophenol, p-am nophenol, p-am nobenzoic
acid, m am nobenzoic acid and 3, 5-di hydroxyaniline are preferred from the
viewpoints of a solubility and a yield in the synthesis. o0o-Am nophenol,

m am nephepRlidnd p-ehpophergkyare e pref{&g&dsivom the vi eppgigt of a
heat resistance, and p- am nophénol is particularly preferred fromthe

vi emomtlequidgpﬁ{&ﬁlr)in?eﬂ%?ﬂ@cjigr ip%tﬂtq%ul[aqq%ﬁ]préf‘eff%ﬁ?%n teAndISE£r ati 0

of the nal ei mde corfpound (b- 1) to the am ne conpound , an equi val ent

rati o Qf < yEgui Ml 8Nt Pfvén @l ei mide group in the maleimde conpound (b-
1) to an equival ent of the am ne conpound (b-2) in ternms of a -NH2 group
falls pq@b@@qbly in a range represented by the follow ng equation: 1.0"

(equi val'ent of maleimde group)/(equivalent in ternms of a -NH2 group)

100 and theahate eqiAltiodrt It fAld SAiE M ETEBM e hdn ahangs of

2.0 to 10.0. The above equivalent ratio ing 1n the range descri be _
R 4y P b S SR A S
thermoget t{Ng e8I mildLMBRpBANGCHLAGd Na? BRI L e3Ld! ACEundfituted
maleimide groups in a molecule as described above with (b-2)
the amine compound having an acidic substituent represented by
the following Formula (2) in an organic solvent is suitably
used as the component (B):

[0024]

[Ka 7]

==\ (Ry),
HoN w\ Fj?

(RQy (2)

(wherein R, each represents independently an acidic substituent
selected from a hydroxyl group, a carboxy group and a sulfonic
acid group; R; each represents independently a hydrogen atom,
an aliphatic hydrocarbon group having 1 to 5 carbon atoms or a
halogen atom; x is an integer of 1 to 5, and y is an integer
of 0 to 4; and a sum of x and y is 5).
[0025]

The amine compound (b-2) represented by Formula (2)

includes, for example, m-aminophenol, p-aminophenol, o-

13



[0027] The organic solvent used in the above reaction shall not
speC|f|caIIy be restricted and includes, for exanple, alcohol base

sol vents such as ethanol, propanol, butanol, met hyl cel |l osol ve, butyl
cel | osol ve, propyl ene egcoI nnnonethyl ether and the |like, ketone base
sol vents such as acetone, nethyl ethyl ketone, nethyl isobutyl ketone,
cycl ohexanone and the |ike, ether base solvents such as tetrahydrofuran

and t heamindshedd D1t pCam@hveRhSoSECh a8 d,0! Upnemi b ENLs i BESKhEYHENe o-and
the |Iike, nitrogen-containing solvents such as di met hyl f or mam de,

di met hydagedisan £81 c N- MeLBYpYT I 0lJ-danie Buhz dhes i fshisul f ugegant ai nigag

sol vents such as di net hyl sul foxi de and the |ike. They can be used al one

or in aymiAcHel LeRdsh WBoRE cMAE: & NYS- A& in 2 NENHL £4181 ADQYE HI gANisc.
sol vent s, cyclohexanone propylene gl ycol nononet hyl ether and nethyl

cel | 05l Mgy @Sy £f 856 €03 B_HeraBLEkyAn 2k I Lidd rand: £&] OQﬁ&a%%%ga”d
propylene glyc ¥ nnnonethyf ether are"nore preferred in terns of a

t OXi Ci tpherh! ORM G HNEGR 1 OB MApIRTET, WGl i it i h a‘fﬁldat' H ty

and is less liable to remain as a residual solvent in producing the

prepre a egred f e ol t is
B of er B P 086 e by peaat Ve PR R, A o PRk R T e by

s L, PRCLUGHLAEDY oSG, T80, 01200y PRt e Um0 oo
Conpoqudﬁ$kﬁgphenol, m-aminophenol and p-aminophenol are more
preferred frem the viewpoint of a heat resistance, and p-
aminophenol is particularly preferred from the viewpoint of
dielectric characteristics.
[0026]
In respect to a use ratio of the maleimide compound (b-
1) to the amine compound (b-~2), an equivalent ratio of an
equivalent of a maleimide group in the maleimide compound (b-
1) to an equivalent of the amine compound (b-2) in terms of a
-NH, group falls preferably in a range represented by the
following equation:
1.0= (equivalent of maleimide group)/ (equivalent in terms of
a -NH, group) =10.0
and the above equivalent ratio falls more preferably in a
range of 2.0 to 10.0. The above equivalent ratio falling in
the range described above prevents the thermosetting resin
from being short of a solubility in a solvent and the gelation

from being brought about and prevents the thermosetting resin

from being reduced in a heat resistance.

14



Controll{ng a use anount of the organic solvent to 10 parts by mass or
nore nmakes the solubility sufficiently high, and controlling it to 1000
parts by nass or |less prevents the reaction tine from being extended too
much. [0028] The reaction tenperature is preferably 50 to 200C, nore
preferably 100 to 160C. The reaction tinme is preferably 0.1 to 10 hours,
nore preferably 1 to 8 hours. A reaction catalyst can optionally be used,
if neced®a@2y,] in the above reaction. The reaction catalyst shall not
specifically be restricted and includes, for exanple, amnes such as
triethyl am nghepyrigdimie;s dalvmitylwsedeirmnthé hebbirke reaictiidaz alhes 1sudt as
nmet hyl i m dazol e, phenylim dazole and the |ike and phosphorus base

cat al yspesSuitaas ¢ rbpheaytphesphi rgd anttidded,i keor Thgymgae , be lusgh al one
or in a mxture of two or nore kinds thereof. [0029] The conpound havi ng

an aci diagesusilivieeni udkhan asunsahiamatied malopiaficds gAtRNARr esestitad by
the followwng Formula (3) or Formula (4) is synthesized by reacting a

bi s(4- ceaheisvldephemiy ConpoLnsssbed, asptbgymehei Nydgceanpaivdn(drhl)l Wit h
t he am ne conpound (b-2) according to the above reaction: [0030] [Ka 8] 16
0 0 N ethler NaAGR®Phe (R4ka ,HNketone base solvents such as acetone,
methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone and
the like, ether base solvents such as tetrahydrofuran and the
like, aromatic solvents such as toluene, xylene, mesitylene
and the like, nitrogen-containing solvents such as
dimethylformamide, dimethylacetamide, N-methylpyrrolidone and
the 1like, sulfur-containing solvents such as dimethyl
sulfoxide and the 1like. They can be used alone or in a
mixture of two or more kinds thereof.

Among the above organic solvents, cyclohexanone,
propylene glycol monomethyl ether and methyl cellosolve are
preferred in terms of a solubility, and cyclohexanone and
propylene glycol monomethyl ether are more preferred in terms
of a low toxicity. Propylene glycol monomethyl ether which
has a high volatility and is less 1liable to remain as a
residual solvent 1in producing the prepreg is particularly
preferred.

A use amount of the organic solvent is preferably 10 to
1000 parts by mass, more preferably 100 to 500 parts by mass

and particularly preferably 200 to 500 parts by mass per 100

parts by mass of the sum of the maleimide compound (b-1) and

15



o0 ~~ (M (3) (wherein R2, R3, x and y represent the sane ones as in
Formula (2); "R4 each represents independently a hydrogen atom an

al i phati c hydrocarbon group having 1 to 5 carbon atons or a hal ogen aton);
[0031] [Ka 9] Ry NNHN-/, >)x O~R4 ~R6)4 OJ (R~, (4) (wherein R2,
R3, x and y represent the same ones as in Formula (2); R5 and R6 each
represent independently a hydrogen atom an aliphatic hydrocarbon group

havi ng gntoamifar Beppatens (@-23 . hal ogen atom and A is an al kyl ene group,
an al kylidene group, an ether group, a sulfonyl group or a group

represented byokfgo1iohhow NGsEOTMAH 9ot [tAR32hrghKac1Wo (RNt 1¥ol 0083]

The conponent (C) 1s a 6-substituted guanam ne conpound represented by the

fol l owi pg,-For gyl anddd OF ﬁlb%%ﬁé?%? dehe TS ufs $HPFE KLYESE i QURAGMIIG,

conpound represSented by Fornul a I ncl udes, for” exanpl e,

2,4~ di A R0=BrRRBMY L nY Uit AZd NP6 badle DY GUANAE NPess prevents the
, 4-di am no-6-nethyl -s-tri1 azine calted
reaction time from being extended too much.
[0028]

The reaction temperature is preferably 50 to 200°C, more
preferably 100 to 160°C. The reaction time is preferably 0.1
to 10 hours, more preferably 1 to 8 hours.

A reaction catalyst can optionally be used, if necessary,
in the above reaction. The reaction catalyst shall not
specifically be restricted and includes, for example, amines
such as triethylamine, pyridine, tributylamine and the 1like,
imidazoles such as methylimidazole, phenylimidazole and the
like and phosphorus base catalysts such as triphenylphosphine
and the like. They can be used alone or in a mixture of two or
more kinds thereof.

[0029]

The compound having an acidic substituent and an
unsaturated maleimide group represented by the following
Formula (3) or Formula (4) is synthesized by reacting a bis(4-
maleimidephenyl) compound used as the maleimide compound (b-1)
with the amine compound (b-2) according to the above reaction:

[0030]

[Ka 8]
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acet oguapam ne, 2, 4-di am no-6-vinyl-s-triazine and the |ike. Anong them

. benzoguanami ne and 2, 4-di ani no-6-vinyl -s-triazine which have a high
reactivity and which can provide the higher heat resistance and the | ower
dielectric constant are nore preferred, and benzoguanam ne is particularly
preferred from the viewoint of a |low cost and a solubility in a solvent.
Dicyandiam de is particularly preferred as well fromthe viewpoints that
it is excellent i® a storfQge stability in the vanish and can provide the
hi gher heat resifgta he lower dielectric constant and that it is

i nexpensi ve. The “g:|_subftj/t uted guanani ne conpound represented by Formula
(1) and dicyandja 'de\ betused /T sdrdyi nation. [0034] [Ka 11] H2N\
INENH2 TN /NR (I rei nH represents phenyl, methyl, allyl, vinyl,
butyl, nethoxy oo benzyloxy). 1 8 5] The conponent (D) shall not
specifically be restricted as long agpit is an -gpoxy resin having two or
nore epoxy groups in a nolecule, and 1t includes, for exanple, glycidyl
ethers of a bisphenol A base, a bisphenol F base, a bi phenyl base, a

novol aqwhase i Rl Rsf uxctarehay phenesemaseheasaaphton@senes tasBormnla
alicyclic base and an al cohol base, glycidyl am nes, glycidyl esters and
the like);Thay osaclbe mseresdron® dmdepemdently a hydrogen atom, an

aliphatic hydrocarbon group having 1 to 5 carbon atoms or a
halogen atom);
[0031]

[Ka 9]

O (@)
——//A\\——
[\éN \ | _/ \_I / N)):k ==\ {R2),
L (R, 4 ““"@
)

(Re),

(R3y (4)
(wherein R,, Ri3, X and y represent the same ones as in Formula
(2); Rs and Re¢ each represent independently a hydrogen atom, an
aliphatic hydrocarbon group having 1 to 5 carbon atoms or a
halogen atom; and A is an alkylene group, an alkylidene group,
an ether group, a sulfonyl group or a group represented by the
following Formula (5):

[0032]

[Ka 10]

OO
(5)
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m xture of two or nore kinds thereof. Anmong them bisphenol F type epoxy
resins, dicyclopentadi ene type epoxy resins, naphthal ene ring- containing
epoxy resins, biphenyl type epoxy resins, biphenyl aralkyl type epoxy
resins, phenol novolac type epoxy resins and cresol novolac type epoxy
resins are preferred fromthe viewoints of dielectric characteristics, a
heat resistance, a noisture resistance and a netal foil adhesive property,
and the gdzxyrl opent adi ene type epoxy resins, the biphenyl aralkyl type
epoxy resins, the biphenyl type epoxy resins and the phenol novol ac type
epoxy resins & @Bmgopedter®d {som thasupdtengidd Sgeindhehecidonpound
characteristics and a high glass transition tenperature. The phenol

novol acrdyPes&ReXY b§sitRs randolheqdiFeyauapentadigneyitire BRMYHd eSiThe are
particularly preferred fromthe viewpoint of a noisture and heat

resi st aflC@pst PE36EAA SRAN S nOf RN ORERreEBhteAN By Nath i 1e (1)
t hernosetting resin conposition of the present inventionis 19 set to

preferaplyl ddd®, 9% RAr ERaRY1 8859, AR &R S-AHoh 1 18-t 7 PAEL S B 1RES
and particularly preferably 5 to 50 parts by nmass based on 100 parts by

mass ofp & S ah hEe MBSses 0fs Ihe mRMmAeRts, (B -¢0 {Dnd n terggiafea

solid matter. Setting a content of the conporient (A) to 1 part by mass or

oS oSSR Lo PSRN o PELLL O LLiA0 e, Drpmes o

reducedy, il ¢RREN SeRfobBonSRIRONGHS £BY-H50ahBhoCBOL2h)¢dslRriazine
which have a high reactivity and which can provide the higher
heat resistance and the lower dielectric constant are more
preferred, and benzoguanamine 1is particularly preferred from
the viewpoint of a low cost and a solubility in a solvent.
Dicyandiamide 1is particularly preferred as well from the
viewpoints that it is excellent in a storage stability in the
vanish and can provide the higher heat resistance and the
lower dielectric constant and that it is inexpensive. The 6-

substituted guanamine compound represented by Formula (1) and

dicyandiamide may be used in combination.

[0034]
[Ka 11]
HZNYNYNHZ
g
T
R (1)

(wherein R; represents phenyl, methyl, allyl, wvinyl, butyl,

methoxy or benzyloxy).
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the thernosetting resin conposition of the present invention are set
preferably as follows in terns of a nass based on 100 parts by nmass of a
sum of the masses of the conponents (B) to (D) in terns of a solid matter
A content of the conponent (B) is set to preferably 1 to 98.9 parts by
mass, nore preferably 20 to 98.9 parts by nmass and particularly preferably
20 to 90 parts by mass. Setting a content of the conponent (B) to 1 part
by nmass pfos®re enhances the flane resistance, the adhesive property and
the dielectric characteristics, and setting it to 98.9 parts by mass or

| ess prevent sfbe-Heabnths! ?b?‘“‘éﬁaﬁipo'EeisB%cri%_dL%‘égq%/y%ec%s%@icocfecI hes

conponent (C) 1s set to preferably 0.1 to 50 part nmass, nore

pref er apg)l?(T%Oag ¢ 505 papt %pl&\!(yg%fegsojfr?‘[ﬁa\?f‘ﬁ&i eWbaldyy égeafé eepbky Yradgy 30

parts by ss. Setting a cont e cofrponent ( o 0.1 part by nass

or nor &, eghapges- e, Sthbii'ﬂ ti’n@PLgdéQ,e ¢he! 6Ly el%,r‘:%g%ggﬁt leGSher £Nd

setting it to 50 parts by mass or SS prevents t resi stance

from bei p0ar s0UGRUnod SOILELE, Of BESRROIBINGAIY, I3 Sebntflyhr eheeably 1

to 80 parts mass, nore prefera to 70 parts by

parti C%?&c%}é?c?[ ;ﬂai‘sré?‘b' % Zﬂuﬁ‘Ei‘éﬁnE%Bﬁa@yeﬁﬁéﬁolSez%#é‘g 3 r?l%?&ﬁ:'ﬁtal%fnet he

conmponen Part” by maSS or nore ances e heat resistance, the
‘;'Oam? nesiSt ange a%’l%jcﬁ%c Pl dabL ity %1‘&%%98561%&,he&ggé§&§ﬁ“%ﬂj1%%é‘
nposition for a "prepreg, and sefting It to parts mass or 1esy
prevents  LNG, Al ELESLE GG AACTENEST! Ghnd§ olLReLRY 2 eehnd 098 7kn o
mixture of two or more kinds thereof.

Among them, bisphenol F type epoxy resins,
dicyclopentadiene type epoxy resins, naphthalene ring-
containing epoxy resins, biphenyl type epoxy resins, biphenyl
aralkyl type epoxy resins, phenol novolac type epoxy resins
and cresol novolac type epoxy resins are preferred from the
viewpoints of dielectric characteristics, a heat resistance, a
moisture resistance and a metal foil adhesive property, and
the dicyclopentadiene type epoxy resins, the biphenyl aralkyl
type epoxy resins, the biphenyl type epoxy resins and the
phenol novolac type epoxy resins are more preferred from the
viewpoints of dielectric characteristics and a high glass
transition temperature. The phenol novolac type epoxy resins
and the dicyclopentadiene type epoxy resins are particularly
preferred from the viewpoint of a moisture and heat resistance.

[0036]
A content of the component (A) contained in the

thermosetting resin composition of the present invention is
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A curing ,agent and a curing accelerating agent for an epoxy resin may be
used as a conponent (E) in conbination for the thernpbsetting resin
conposition of the present invention. The exanples of the curing agent for
an epoxy resin include acid anhydrides such as nmal eic anhydride, maleic
anhydride copolynmers and the |ike, am ne conpounds such as

di am nodi phenyl net hane and the |ike and phenol conpounds such as phenol

novol aGge €7 €50 rB@¥RaRq yand dd1eodi kert A 59, nlis, SXAW! SSe PErhheyCHr ithg
accel erating agent for an epoxy resin include imdazol'es and derivatives

I
ther eofo gk b 81 Ky ARAIES, andIUal £F 1@ ¥a AL UFL2abG @Ntd hey | bkersATING

them the el ¢ “anhydri de copol yners ch 1 nprove the heat Tesistance

are prefél rpdsegndncape! ?{J()&;ifté &) Nea ﬁ?' ¥ MRfbZ 2 %H@Wﬂ%;%és §enghidt ut ed

from carbon atons and hyd en atons such as styre ne, et ene,

propyl pdraput vl gne t%”dgﬁ)heiﬁi K8 rist %Me%‘ééiﬁ”ﬁ%ﬁ{ﬂ . A& tPifg a

preferred since the dielectric constant can 2 e reduced. Copol yner resins

of st Y I i h Jil qing aEB)ﬁgEﬂng%t Or(A?Op%ngir ﬁ{aeéﬂ g, mia%%b%%' epgw th

mal ei ¢ anhydride are parti ri'y preferre ternms of a solubility in a

Sol venter 2, CORtBld Lol 11 1.85! Nanfl endad A £ONE NGl L e

corrponéer?t Is sét to prefera nore pref ]gryably

> L0 QA 3,0, 1BeS A e A LAY A PLELeLabbecS 1013008 Lot (oS

based 0" "par nmass o sum o € masses of e conponen B) to
(D) in_terns .of sol.d. yatter. Setting a content of the conponent (E) to
50 par tpsrqéjfrr%’ssﬂ%ormijéeslsrp%r%ev%lﬁcfes&t he noldability, the adhesive property

and the fla”%ﬂéﬁ%gﬁggﬁgs of the components (B) to (D) contained in
the thermosetting resin composition of the present invention
are set preferably as follows in terms of a mass based on 100
parts by mass of a sum of the masses of the components (B) to
(D) in terms of a solid matter.

A content of the component (B) is set to preferably 1 to
98.9 parts by mass, more preferably 20 to 98.9 parts by mass
and particularly preferably 20 to 90 parts by mass. Setting a
content of the component (B) to 1 part by mass or more
enhances the flame resistance, the adhesive property and the
dielectric characteristics, and setting it to 98.9 parts by
mass or less prevents the heat resistance from being reduced.

A content of the component (C) is set to preferably 0.1
to 50 parts by mass, more preferably 0.5 to 50 parts by mass
and particularly preferably 0.5 to 30 parts by mass. Setting a
content of the component (C) to 0.1 part by mass or more
enhances the solubility and the dielectric characteristics,

and setting it to 50 parts by mass or less prevents the flame
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from being reduced. [0038] An inorganic filler can optionally be added as
a conponent (F) to the thernosetting resin of the present invention. The
exanples of the inorganic filler include silica, mca, talc, short fibers
or fine powders of glass and hollow glass, antinony trioxide, calcium

carbonate, quartz powder, alum num hydroxide, nmagnesi um hydroxi de and the
like. Anong them silica, alum num hydroxi de and magnesi um hydr oxi de are

preferreds{somtbervbgWBRE ALSrafutha. diel ectric characteristics, the heat
resi stance and the flanme reSistance, and silica and al um num hydroxi de are

more preferred shncenttBeY tAEe JoRprRent! Vi) A Lo e, 0hrLRBraBIRORENRL, (F)
is preferably 0 to 300 parts by mass, nore preferably 20 to 2007 parts by

mass ang néaregr ﬁo'gﬁ%a?éé%’ Ilta{%gée @Qbér%]glg,o %P0 panhs ng(ﬂglsxf% bﬁ§%g QA gLo0

parts by ss of sum o sses of The conponen in terns

mmse or ke b Vb T R ab 11y Sod RHe Sahdei V2Bt operty 11 ambei n

mass or | ess preve dability an ive property i ng

e R e I T R

;
retardants, organic ers-a ke can optiona adé%d as resin

Compos HhA4e W ASEEnerlyLssures! n ferpeski OFelsLUR S ne
are not, 0aMBeed; ¢ Jhe, exatRhend G RIBUASd S eSopb OELEEE for a
prepreg, and setting it to 80 parts by mass or less prevents
the dielectric characteristics from being reduced.
[0037]

A curing agent and a curing accelerating agent for an
epoxXy resin may be used as a component (E) in combination for
the thermosetting resin composition of the present invention.
The examples of the curing agent for an epoxy resin include
acid anhydrides such as maleic anhydride, maleic anhydride
copolymers and the like, amine compounds such as
diaminodiphenylmethane and the like and phenol compounds such
as phenol novolac, cresol novolac and the 1like. Also, the
examples of the curing accelerating agent for an epoxy resin
include imidazoles and derivatives thereof, tertiary amines,
quaternary ammonium salts and the like. Among them, the maleic
anhydride copolymers which improve the heat resistance are
preferred, and copolymer resins of polymerizable monomers
constituted from carbon atoms and hydrogen atoms such as styre

ne, ethylene, propylene, isobutylene and the like with maleic

anhydride are more preferred since the dielectric constant can

21



polytetrafluoroethylene pol yet hyl ene, pol ypropyl ene, pol ystyrene,

pol yphenyl ene et her resins, phenoxy resins, polycarbonate resins,

pol yester resins, polyamde resins, polyinde resins, xylene resins,
petroleun1resins, silicone resins and the |ike. [0040] The exanpl es of
t he el astoner include pol ybutadi ene, polyacrylonitrile, epoxy-nodified
pol ybut adi ene, mal ei c anhydri de-nodifi ed pol ybut adi ene, phenol - nodi fi ed

pol ybutdi £o@uceal bOéMpB@%&keQeEQh}éanﬁ"MEéﬂé G £ an@ehtkfanhth%Jé The
exanpl es of the flanme retardant include hal'ogen base | ame retardants

cont ai rgpchbBEkﬂl%raride§M§” bRe.; JISRNUNS whafe o 3'1%'1% rehRpdangs such as

tri phenyl phos tricresyl 23 phosphate, trisdichloropropyl phosphate,
phOSph?ﬂ]t?Jhcﬁfgrl .%‘%@%rr‘i%danl tE'SFan.k%fa %b@ﬁEéﬁ‘ift?r dapts Qb iRYgani c
suc e

matt er as an ny trioxi um num I oxi magnesi um hydr oxi de

and the,|dke. - (ﬁﬁﬁgg%$pflapowgtﬂlagglngegaégagas t he phosphorus base fl anme

retardants and retardants of inorganic nmatters are preferred in

terms of the eyl ONeSE. ALSBonbBBAROSENONUS baserd| apErLeLpl dapt s Jised

in conbinati Ol’l WI t ane re ants I norgani c ers

al um nuy ﬁ!g%%' ‘ﬂﬁ;earﬂg'sé hemla%eﬁve andlf“]‘%art'oy 48" BEEEGSQI rpasLheng

Vi ewpoi nt s y are inexpens at the f ane r stance and t he

heat el MANCE AT pARISHAY 1 ) osher Ghar aghenAld CBaskd04 100

parts by mass of a sum of the masses of the components (B) to
(D) in terms of a solid matter. Setting a content of the
component (E) to 50 parts by mass or less prevents the
moldability, the adhesive property and the flame resistance
from being reduced.

[0038]

An 1inorganic filler <can optionally be added as a
component (F) to the thermosetting resin of the present
invention. The examples of the inorganic filler include silica,
mica, talc, short fibers or fine powders of glass and hollow
glass, antimony trioxide, calcium carbonate, quartz powder,
aluminum hydroxide, magnesium hydroxide and the 1like. Among
them, silica, aluminum hydroxide and magnesium hydroxide are
preferred from the viewpoints of the dielectric
characteristics, the heat resistance and the flame resistance,
and silica and aluminum hydroxide are more preferred since
they are inexpensive.

A content of the component (F) is preferably 0 to 300

parts by mass, more preferably 20 to 200 parts by mass and
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The exampl es of the organic filler include silicone powders and organic
powders of polytetrafl uoroethylene, polyethylene, polypropyl ene,

pol ystyrene, polyphenylene ether and the like. [0043] 1In the

t hernosetting resin conposition of the present invention, an organic
solvent can optionally be used as a diluent solvent. The above organic
sol vent shall not specifically be restricted and includes, for exanple

ST AL I DL W,

i sobut one ase vents such as
t hyl d I t
thr;hy%§£#§$§ Vﬁm'%tﬁgpflk%&ﬁn ?aggaa?%%% S%l ven S su@ﬂgggtfoﬁB

I I dth . h b I [ f
two or I@‘f’s'% @?m?Eeorfeo %%%ﬂf Sether ge*f%%ggﬁsﬁi‘ﬁsr cellt 26 éti.“&in?
a phot ongo é!H&Etza | n| tc?zbt BF%Ef I y reﬁggnt whi teegslsng a entIits Wre]ﬂe .

adheS|dﬁ |nprOV|ng agen n op P o'l |

t he above e etting esin, c9 0S| tign shal.l. _not speC|f|caIIy be
restrlcl?ocf5 n%fPﬁ¥luH§ t%%ra §3ﬁp?ep 8p955¥ngégrg§&89 5§d85ﬁ96tr|azoles
and theékkkﬁg an antioxidant such as hindered phenols, styrenated phenols

and a photopol yneri zation initiator such as benzophenones,

gﬁgﬁygskgtﬁl thlo ;anes grﬁgglgg it areéi#greSQﬁggtSMgg§¥“ %qa%%F“t

retardants, organic fillers and the 1like can optionally be
added as resin compositions to the thermosetting resin
composition of the present invention to such an extent that
the properties of the thermosetting resin are not damaged.

The examples of the thermoplastic resin include
polytetrafluoroethylene, polyethylene, polypropylene,
polystyrene, polyphenylene ether resins, phenoxy resins,
polycarbonate resins, polyester resins, polyamide resins,
polyimide resins, xylene resins, petroleum resins, silicone
resins and the like.

[0040]

The examples of the elastomer include polybutadiene,
polyacrylonitrile, epoxy-modified polybutadiene, maleic
anhydride-modified polybutadiene, phenol-modified
polybutadiene, carboxy-modified polyacrylonitrile and the like.

[0041]

The examples of the flame retardant include halogen base

flame retardants containing bromine and chlorine, phosphorus

base flame retardants such as triphenyl phosphate, tricresyl
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the like, a urea conpound such as urea silane and the |ike and an adhesion
i mprovi ng agent such as silane coupling agents and the |ike. [0045] The
prepreg of the present invention is obtained by inpregnating or coating a
base material with the thernosetting resin conposition of the present
invention and then subjecting it to a B stage. That is, the base materi al
is inpregnated or coated with the thernosetting resin conposition of the

presentprhBYERLEGn AN ybem eemocecd (SHILSRERd Lo BuBshageheby el nc

or the e to pfoduce e prepre ent & prepreg
o o B bPLBACN T e 23:CipLERCc BEL AR, S e 00
s StA0 LT 3, 0oRghe MAELAAL U asBe, ™ ELllaie g e
(7o S LibeLeug! ADSEORONE B! S5 SUShES EglaRs, A ne S gk, O
PO VoSt et BB L ORI CTe AL, | L KBt Lt Lherenl T
(2011 r LA s AeoOBRS S IBL, 3, BUE 09 o A0dflecl Ko, The
performances of the t &%ete nol di n and the frials ng t he shapes can
e Usedn 1 TOMEERE ar 1581 orid br PN RBAB PO of A% RGFERPRAS (1obor
in combination with the flame retardants of inorganic matters
such as aluminum hydroxide and the 1like are particularly
preferred from the viewpoints that they are inexpensive and
that the flame resistance and the heat resistance are
consistent with other characteristics.
[0042]

The examples of the organic filler include silicone
powders and organic powders of polytetrafluoroethylene,
polyethylene, polypropylene, polystyrene, polyphenylene ether
and the like.

[0043]

In the thermosetting resin composition of the present
invention, an organic solvent can optionally be used as a
diluent solvent. The above organic solvent shall not
specifically be restricted and includes, for example, ketone
base solvents such as acetone, methyl ethyl ketone, methyl
isobutyl ketone, cyclohexanone and the 1like, alcohol base

solvents such as methyl cellosolve and the like, ether base

solvents such as tetrahydrofuran and the 1like and aromatic
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A thickness of the base material shall not specifically be restricted, and
the base material having a thickness of, for exanple, about 0.03 to 0.5 mm
can be used. The base naterials subjected to surface treatnment with a
silane coupling agent and the like or nechanically subjected to fiber
opening treatnent are suited fromthe viewoints of a heat resistance, a
noi sture resistance and a workability. The base material is inpregnated or
coated with the resin conposition so that an anount of the resin
conposbkbilgenddhesedhoms heoBasme, makglent, | i t vl e %and ntibs | hikerns of
a resin content in the prepreg after dried, and then it is sem -cured
{subj efhed @h thbeauBest sgleyndyoheahni g migltdrgi od usual by aorae tleimes at ure
of 100 to 200C for 1 to 30 m nutes, whereby the prepreg of the present

i nvent tharealf.be obtained. [0047] The |lam nated plate of the present

i nvention can be obtained by |lam nating and nol ding the prepreg of the
present [o0a¥gntion. That is, it is lamnated and nolded in a constitution
in which, for exanple, 1 to 20 sheets of the prepreg of the present

i nvention argustperposedaand gin Whiapkoabe¥gt al £Ai | ofn€dPREHandl um nym or
the like is disposed on one surface or both surfaces thereof. Conditions

in met pREsopghl ymkeh zaxawmpl eind @il tset edapl A et whhi @¥ah npl adgsn or
el ectric insulating materials can be applied to the nolding conditions

t her eofn aHWhddEoh admpaied Y ahgesitn SRy Mehded i ke (e rapeesnaila be

tenperature of 100 to 250C, a pressure of 0.2 to 10 MPa and a heating tine

of 0.1348e8 M gebY MBAN$hef.above thermosetting resin composition.
They shall not specifically be restricted and include, for
example, a UV absorber such as benzotriazoles and the like, an
antioxidant such as hindered phenols, styrenated phenocls and
the like, a photopolymerization initiator such as
benzophenones, benzyl ketals, thioxanthones and the like, a
fluorescent whitening agent such as stilbene derivatives and
the 1like, a urea compound such as urea silane and the like and
an adhesion improving agent such as silane coupling agents and
the like.

[0045]

The prepreg of the present invention is obtained by
impregnating or coating a base material with the thermosetting
resin composition of the present invention and then subjecting
it to a B stage. That is, the base material is impregnated or
coated with the thermosetting resin composition of the present
invention and then semi-cured (subjected to a B stage) by
heating or the like to produce the prepreg of the present

invention. The prepreg of the present invention shall be
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f or exanple, a multistage press, a multistage vacuum press, continuous
mol di ng, an autocl ave nol di ng machine and the like. Further, the prepreg
of the present invention conbined with a wring board for an inner |ayer
is |lam nated and nol ded, whereby a nultilayer plate can be produced as
wel | . EXAMPLES [0048] Next, the present invention shall be explained with
reference to exanpl es shown bel ow, but the present invention 2 7 shall not
be restri nggegybkhg§ﬁ1§ggggg%is'The performances of copper clad |am nated
plates o talne in the follow ng exanpl es were neasured and eval uated by

t he fokb W%Tg met hods. [0049] (1) Evaluation of a copper foil adhesive

property (copper foil peeling strength) A base plate for evaluation was
prepar ed by hBQ N9p8scCORAEErGhad ! e@ft ¢4 P! gtg, iy fabtaeoco tféChfé;'E
liquid to ere y reane the copper Toil allTow ng a band part aV|ng a

wi dth 95%&&@ b JCRIICN.§ AN St BEP! e SLLEDUL L obot B Rl

nmeasur e y neans o an aut ogr ap manuf act ured by Shimadzu

Corporﬁétgﬂal( @sé\@af&e%’étﬁ On@iﬂoﬁfra&%‘ ty dé‘s%r?ﬁp%%&&”c%ﬁmm) fh@ase

plate o nm square tor eval S prepare pi'ng a copper clad

o oL she 40 P BOUIRC A bt Ut ol foro

observhggtgrs such as E glass, D glass, S glass, Q glass and the
like, fibers of organic matters such as polyimides, polyesters,
polytetrafluoroethylene and the like and mixtures thereof. The
above base materials have shapes such as a woven fabric, an
unwoven fabric, a roving, a chopped strand mat, a surfacing
mat and the like. The material and the shape are selected
according to the uses and the performances of the targeted
molding, and the materials and the shapes can be used, if
necessary, alone or in combination of two more kinds thereof.

A thickness of the base material shall not specifically
be restricted, and the base material having a thickness of,
for example, about 0.03 to 0.5 mm can be used. The base
materials subjected to surface treatment with a silane
coupling agent and the like or mechanicaliy subjected to fiber
opening treatment are suited from the viewpoints of a heat
resistance, a moisture resistance and a workability. The base
material is impregnated or coated with the resin composition
so that an amount of the resin composition adhered on the base

material is 20 to 90 % by mass in terms of a resin content in

the prepreg after dried, and then it is semi-cured (subjected
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thermal expansion characteristic of the base plate for evaluation by neans
- of a TMA test equi pnment (TMA2940 manufactured by Du Pont Co., Ltd.).

[0050] (3) Evaluation of a solder heat resistance A base plate of 5 nm
square for evaluation was prepared by dipping a copper clad |am nated
plate in a copper etching liquid to thereby renove the copper foil, and it
was left 28 standing on the conditions of 121C and 0.2 MPa for 4 hours by

neans @b aa PRessEgR)CaPKeheb Bshgegudpaiyii (drenshact yrad by tshpayarare
Manuf acturing Corporation) . Next, it was dipped in a solder bath having a

t enper attureo®f £38800 @ 26r secansls3o apdnuttRe) amaPRear anee Mfedhey base
plate for evaluation was observed to thereby evaluate a solder heat

resi st anee pricdle eV aliiadn tabrofeah pRESiiick. heat resistance (T-288) A base
plate of 5 mm square for evaluation was prepared froma copper clad

| am nat ¢dophate, and time passing until blister was generated on the base
plate for evaluation at 288C was neasured to thereby evaluate the

copper - st ucktheat 1 ahe8hEANCEL BYe MeSNS 19fe apTMAhest jagERRAIBRt £INA2940
manuf actured by Du Pont Co., Ltd.). [0051] (5) Eval uati on of a noisture

absorpbb@%l@@@‘ﬂyapéﬂiﬂétpﬂg ﬁﬁngdeQHQ fﬁ@aéﬁeﬁféée offortiRyab @t égp was

prepared by di pping a copper clad |lam nated plate in a copper etching

liqui dih@enktheneby remve tihg copperidoilandndibl Wandl eido 1-andifng oa
constitution in which, for example, 1 to 20 sheets of the
prepreg of the present invention are superposed and in which a
metal foil of copper, aluminum or the like is disposed on one
surface or both surfaces thereof. Conditions in methods of,
for example, laminated plates and multilayer plates for
electric insulating materials can be applied to the molding
conditions thereof, and the laminated plate can be molded in
the ranges of a temperature of 100 to 250°C, a pressure of 0.2
to 10 MPa and a heating time of 0.1 to 5 hours by means of,
for example, a multistage press, a multistage vacuum press,
continuous molding, an autoclave molding machine and the like.
Further, the prepreg of the present invention combined with a

wiring board for an inner layer is laminated and molded,

whereby a multilayer plate can be produced as well.

EXAMPLES

[0048]

Next, the present invention shall be explained with

reference to examples shown below, but the present invention
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t he condi.tions of 121C and 0.2 MPa for 4 hours by neans of a pressure

. cooker test equi pment (nanufactured by Hirayama Manufacturing
Corporation). Then, a water absorption coefficient of the base plate for
eval uati on was neasured. (6) Evaluation of a flane resistance A base plate
for evaluation was prepared by dipping a copper clad |lamnated plate in a
copper etching liquid to 29 thereby renove the copper foil, and a base

pl ate fghalkvadtabé onesasiptepapedrhyseuekampglest fromthe above base
plate for evaluation in a length of 127 mmand a width of 12.7 mm and

eval uat ed accidip@ri®rmai®sd cBtEeOsbéY OridoamOhatkl4platéy bbaauheaent
of arelative dielectric constant and a dielectric | oss tangent A base

pl ate fior enal Fallilewiws Pxepsles hyrdi pRidihraed capfelk vellad deain at edepl at e
in a copper etching liquid to thereby renove the copper foil, and a

rel ati v digtfacd methes@hnstant and a dielectric |oss tangent thereof were
neasured at a frequency of 1 GHZ by neans of a relative dielectric

const antygpeagur i ng devi ce (HP4291B, manufactured by Hew ett- Packard
Company). [0052] Production Exanple 1: production of a mal ei m de conpound

(B-1) A ) eagd Diathdyh NGf aaVebpgpRrofrol 1l iddfe ML b MEiSe @8W i PBSPp ¥kt od 1
thernnneter a stirring device and a noisture determ ning device equi pped
W th agﬁﬁgﬂ g neangEet) and which  coul d be heated and cool ed was charged

wi th 358 g of bis(4- nual ei m dephenyl) nethane, 54.5 g of m am nophenol
and 412.5 g A base plate for evaluation was prepared by dipping a

copper clad laminated plate in a copper etching liquid to
thereby remove the copper foil allowing a band part having a
width of 1 cm to remain, and a peeling strength of the band
part was measured by means of an autograph (AG-100C
manufactured by Shimadzu Corporation).

(2) Measurement of glass transition temperature (Tg)

A base plate of 5 mm square for evaluation was prepared
by dipping a copper clad laminated plate in a copper etching
liquid to thereby remove the copper foil, and a glass
transition temperature thereof was evaluated by observing a
thermal expansion characteristic of the base plate for
evaluation by means of a TMA test equipment (TMAZ2940
manufactured by Du Pont Co., Ltd.).

[0050]
(3) Evaluation of a solder heat resistance

A base plate of 5 mm square for evaluation was prepared
by dipping a copper clad laminated plate in a copper etching

liquid to thereby remove the copper foil, and it was left
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of propylene glycol nononmethyl ether ((maleimde group

- equivalent)/(equivalent in ternms of a -NH2 group) = 4.0), and they were
reacted for 5 hours while refluxing to obtain a solution of a maleimde
conmpound (B-1). [00531 Production Exanple 2: production of a naleimde
conpound (B-2) 30 A reactor having a volunme of 2 liter which was equi pped
with a thernoneter, a stirring device and a noisture determ ning device
equi pped atidihe orefthaixcenatenses andiphicchangow.@ behemseds ancueoobed was
charged with 358.0 g of bis(4- mal ei m dephenyl) nethane, 54.5 g of

p- am nerhenol c@nda 4k s hrof cpoapy! enes ! epl i prararet hphughhenredmabei m de
group equivalent)/(equivalent in ternms of a -NH2 group) = 4.0), and they

vere 1 gaeigdnfoMinitaksurthd ecoepbxtDgnt 0 ONEREN at S@lsutdi q&&i Bn a
mal ei m de conpound (B-2). The above solution was anal yzed by C (gel

per mealsibQie rC IRt RFTARYY a @ldiirathpld adydpogucampr 21d Sedesad ) hhar eof
is showmn in Fig. 1. According to Fig. 1, a peak of p-am nophenol appearing

in thenerCi Bthaﬁ}ve%&a@i'dé“ oF titAe Obagboup1dBem PYEESeVWASUALLonObSEEVeEd,
and peaks (B) and (C) originating in the addition products were confirnmed.

I'n thi $pEas@ed M RERIcdHY Shoatdis (bIed cinddephesnyd japtdane which is

the synthetic raw naterlal the peak (B) shows a reaction product
repr esqnt egviy yaithedf J4 %Md&g:;fé}emtqﬁdk frdal B didtan@nd(thegppak (C) shows

a side-reaction product represented by the foll ow ng chenlcal formul a
(8): A base plate of 5 mm square for evaluation was prepared
from a copper clad laminated plate, and time passing until
blister was generated on the base plate for evaluation at
288°C was measured to thereby evaluate the copper-stuck heat
resistance by means of a TMA test equipment (TMA2940
manufactured by Du Pont Co., Ltd.).
[0051]
(5) Evaluation of a moisture absorption (water absorption
coefficient)

A base plate for evaluation was prepared by dipping a
copper clad laminated plate in a copper etching liquid to
thereby remove the copper foil, and it was left standing on
the conditions of 121°C and 0.2 MPa for 4 hours by means of a
pressure cooker test equipment (manufactured by Hirayama
Manufacturing Corporation). Then, a water absorption
coefficient of the base plate for evaluation was measured.

(6) Evaluation of a flame resistance

A base plate for evaluation was prepared by dipping a

copper clad laminated plate in a copper etching liquid to
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[0054] [Ka 12] O N\ " CH2\ / NOOHN/ OH(7) 31 [0055] [Ka 13] 0O
NV / CH2\ /N _ HO/ HN~H OH4 OO (8) [0056) Production Exanple 3:
production of a nal ei m de conpound (B-3) A reactor having a volunme of 2

liter which was equipped wth a thernoneter, a stirring device and a
noi sture determ ning device equi pped with a reflux condenser and which
coul d be heated and cool ed was charged with 358.0 g of bis(4-
mal ei m dephenyl) methane, 27.4 g of p-ami nobenzoic acid and 385.4 g of
N, N- di rrfxesakit et BEeEe (( Fhkei HoI®edr ouP 1loqui #aflend) / beqd vabbate i nfoer s
of a -NH2 group) = 10.0), and they were reacted at 140C for 5 hours to
obt ai n evalglaitiah bhs aonepared déycoapbubng ( BW3) . fE0B57the Prabdvet | base
Exanpl e 4: production of a mal eimde conpound (B-4) A reactor having a
vol une pdfate |fiarerewhl wit ivas eogua ppedgbht bhfalAemmormetcerg waidth rof ng2davi ce
and a noisture

mm and evaluated according to a test method (V method) of UL94.

(7) Measurement of a relative dielectric constant and a

dielectric loss tangent

A base plate for evaluation was prepared by dipping a
copper clad laminated plate 1in a copper etching liquid to
thereby remove the copper foil, and a relative dielectric
constant and a dielectric loss tangent thereof were measured
at a frequency of 1 GHz by means of a relative dielectric
constant measuring device (HP4291B, manufactured by Hewlett-
Packard Company) .

[0052]
Production Example 1: production of a maleimide compound (B-1)

A reactor having a volume of 2 liter which was equipped
with a thermometer, a stirring device and a moisture
determining device equipped with a reflux condenser and which
could be heated and cooled was charged with 358.0 g of bis(4-
maleimidephenyl)methane, 54.5 g of m-aminophenol and 412.5 g
of propylene glycol monomethyl ether ((maleimide group
equivalent)/ (equivalent in terms of a -NH, group) = 4.0), and
they were reacted for 5 hours while refluxing to obtain a
solution of a maleimide compound (B-1).

[0053]

Production Example 2: production of a maleimide compound (B-2)
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determ ning device equipped with a ref |ux condenser and which could be
heat ed and cool ed was charged with 268.0 g of m phenyl enebi srmal ei m de,
109.0 g of mam nophenol and 377.0 g of N, N-di net hyl acet am de ((mal ei m de
group equivalent)/(equivalent in terms of a -NH2 group) = 2.0), and they
were reacted at 140C for 5 hours to obtain a solution of 32 a maleimde
conpound (B-4). [0058] Production Exanple 5: production of a mal eim de

conpound (B-93) réademct havhayi ag v uadeurer of 2 ikietrewhatdic hwawseggupppad
with a thernoneter, a stirring device and a noisture determ ning device

equi pped tM t ha a refdrhoneanrdenses asdivhiiel cogi-de haat edh angoggel,ed was
charged with 442.0 g of 3, 3-

di met hetroridiieidyde ¢i de dephepykaetiianebs spakei dend@hs2rd ard which
p- am nophenol and 496.5 g of propyl ene glycol nononethyl ether ((naleimde

group egwilvRlmntnéseayi ¥abherbolrd &id® @&aBged NF2tHN B4R). 0= 4 O3 . bagdathey
were reacted for 5 hours while refluxing to obtain a solution of a

mal ei %@Qe@%@@fé‘ﬂ%r{(}%‘)ggetha{r@ﬁglﬂ E’BO(BJ_C&iforga%mmthe@ionlr gdyctgion of 5a

mal ei m de conpound A reactor having a volune of 2 liter which was

equi pped Wi 16R8T MYBj &I, amdhbhekRg1devd g and el dgksnpi ni ng
devi ce equﬁ%dﬂ%ﬁmﬁth a reflux cgndensergand whi ch éggﬁd be heateg ang1

cool ed Wag veNargad Wdft AR 0iQf t3rds of a —NH = 4.0), and
di met he 1 oe By, %?ﬁy‘?% A i henyl mot hanebisral e m d2 OB 5Ty T P

0-am nephgnole A8d AML-d@ o P IPHANS 9]@}&%% npaeiRk Yy &3 hebthGmml gi m de

group equivalent)/(equivalent in terns o
solution of a maleimide compound (B-2).

The above solution was analyzed by GPC (gel permeation
chromatography, eluent: tetrahydrofuran), and a result thereof
is shown in Fig. 1.

According to Fig. 1, a peak of p-aminophenol appearing in
the vicinity of an elution time of about 19 minutes was not
observed, and peaks (B) and (C) originating in the addition
products were confirmed. In this case, the peak (A) shows
bis(4-maleimidephenyl)methane which 1is the synthetic raw
material; the peak (B) shows a reaction product represented by
the following chemical formula (7); and the peak (C) shows a
side-reaction product represented by the following chemical
formula (8):

[0054]

]
O o
OO
o
o o (7
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-NH2 group) = 4.0), and they were reacted for 5 hours while refluxing to
_obtain a’solution of a mal einide compound (B-6). [0060] Production Exanple
7: production of a maleimde conpound (B-7) A reactor having a volume of 2
liter which was equipped 33 with a thernoneter, a stirring device and a
noi sture determ ning device equi pped with a reflux condenser and which
coul d be heated and cool ed was charged with 408.0 g of bis(4-

mal ei m depdwyl) sul f one, 54.5 g of p-ami nophenol and 462.5 g of

N, N- di met hyl acet am de ((nal ei m de group equivalent)/(equivalent in terns
of a -hh@agg9yp) = 4.0), and they were reacted at 100C for 2 hours to
obtain a solution of a naleimde conpound (B-7). [0061] Production

Exanmpl e 8: production of afhal einide conpound §B-8) A reactor having a
volunme of 2 liter whicﬁjfié e ed wtfi=a t nmeter, a stirring device
n

and a noisture geter minj N i fped Wt hila refiux condenser and
whi ch  coul e @ etiNand\cool ed was charged yt =-‘m ofi bis(4-

mal ei m dephenyl ) =ét hane, 4.5 g of p-ani nophéhol andMi4.5 g of(8)

N, N- di met hyl acet am de ((nal ei m de group equivalent)/(equivalent in terns
of a -NH®owegup) = 4.0), and they were reacted at 100'C for 2 hours to
obtain a solution of a naleimde conmpound (B-8). [0062] Production
Exanmpl & duFodic tE il e a3 Mah £b dih G1 SOMPPUNnd Be Phi dé £6RBHARANAKLRY a
volunme of 2 liter which was equi pped

A reactor having a volume of 2 liter which was equipped

with a thermometer, a stirring device and a moisture
determining device equipped with a reflux condenser and which
could be heated and cooled was charged with 358.0 g of bis(4-
maleimidephenyl)methane, 27.4 g of p-aminobenzoic acid and
385.4 g of N,N-dimethylacetamide ((maleimide group
equivalent)/ (equivalent in terms of a -NH; group) = 10.0), and
they were reacted at 140°C for 5 hours to obtain a solution of
a maleimide compound (B-3).
[0057]
Production Example 4: production of a maleimide compound (B-4)
A reactor having a volume of 1 liter which was equipped
with a thermometer, a stirring device and a moisture
determining device equipped with a reflux condenser and which
could be heated and cooled was charged with 268.0 g of m-
phenylenebismaleimide, 109.0 g of m-aminophenol and 377.0 g of
N,N-dimethylacetamide ({(maleimide. group
equivalent)/ (equivalent in terms of a -NH; group) = 2.0), and

they were reacted at 140°C for 5 hours to obtain a solution of
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with a thernoneter, a stirring device and a noisture determ ning device

. equi pped with a reflux condenser and which could be heated and cool ed was
charged with 570.0 g of 2, 2' - bis[4-(4-malei m dephenoxy) phenyl ] propane,
54.5 g of p- 34 am nophenol and 624.5 g of propyl ene glycol nononet hyl
ether ((maleimde group equivalent)/(equivalent in ternms of a -NH2 group)
= 4.0), and they were reacted at 120C for 2 hours to obtain a solution of
a mal eiarmgel eimpdendofBo@)d [BO68] Producti on Exanple 10: production of a
mal ei m de conpound (B- 10) A reactor having a volunme of 2 liter which was
equi ppedoogdlh a thernoneter, a stirring device and a noisture determ ning
devi ce equi pped with a reflux condenser and which could be heated and

cool ed peasdedtal @ dEvampl @82: OpgodficBionedb hyh-haBephedy! esapoarndl gBFsje,
54.5 g of p-am nophenol and 336.5 g of N, N-di nethyl acetam de ((mal ei m de
group equival eréaifefuhralingt ai wvdlames of 2 -1NH2rgndimh wds Opquap@ed hey
were reacted at 120C for 2 hours to obtain a solution of a nmaleimde

conmpound tiB- 18) . HHedmetlegnpl &8s ktlierddandd&enpar aainde Exanpbestireo 8
Used were an alum numsalt of methyl ethyl phosphinate (nmanufactured by

d ar i anfe tAzniim@ndal ek nedus poledofwidiret &y ke FpPQS PIYNRIE reamd aghticad by
Clariant AG) as a netal salt of disubstituted phosphinic acid which was

t he comeanent béAheattics (4ndBlkebNiedepenytharRane iHRNULAch Ue b Y 3, 3-
Dai wakasei
dimethyl-5, 5-diethyl-4, 4-diphenylmethanebismaleimide, 54.5 g
of p-aminophenol and 496.5 g of propylene glycol monomethyl
ether ((maleimide group equivalent)/(equivalent in terms of a
-NH, group) = 4.0), and they were reacted for 5 hours while
refluxing to obtain a solution of a maleimide compound (B-5).
[0059]
Production Example 6: production of a maleimide compound (B-6)
A reactor having a volume of 2 liter which was equipped
with a thermometer, a stirring device and a moisture
determining device equipped with a reflux condenser and which
could be heated and cooled was charged with 442.0 g of 3,3-
dimethyl-5, 5-diethyl-4,4-diphenylmethanebismaleimide, 54.5 g
of o-aminophenol and 496.5 g of propylene glycol monomethyl
ether ((maleimide group equivalent)/(equivalent in terms of a
-NH, group) = 4.0), and they were reacted for 5 hours while
refluxing to obtain a solution of a maleimide compound (B-6).
[0060]

Production Example 7: production of a maleimide compound (B-7)

A reactor having a volume of 2 liter which was equipped
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| ndustry_ Co, Ltd.), 2,2'-bis[4-(4- mal ei m dephenoxy) phenyl ] propane
(manuf act ured’ by Dai wakasei Industry Co, Ltd.) or the nal einide conpounds
(B-1 to 10) 35 obtained in Production Exanples 1 to 10 as the mal ei m de
conmpound of the conponent (B), benzoguanam ne (manufactured by N ppon
Shokubai Co., Ltd.), acetoguanam ne, 2,4-diam no-6- vinyl-s-triazine or

di cyandi am de (manufactured by Kanto Chem cal Co., Inc.) as the

6- substwititi eda guaharmaet@rpound okt itléngonuiseinde (Chnda phemabisduekac
type epoxy resin (D1, trade nane: Epicron N-770, manufacture by Daini ppon
Ink & dhesrntialing ndeyios aqgdippelopanthadi eneriype copeense@sidhd DvRicht rade
name: HP-7200H, manufacture by Daini ppon Ink & Chemcals 1Inc.) as the

EpPOXy IRu1 qietkh@a@@apaﬁanto@)ed HLPPAHYFEREd Weshn 408 .5t Wy e Bng (gal ei
anhydride (E-1, trade nane: SMA- EF-40, manufacture by Sartoner CD., Ltd.)

or a cepalmEddsEny ] )aful SsHut ybens gdofm'pe'a%ﬁ\wb\l@’dcﬂe §Fd2,4dx Fegnane:

| sobam #600, manufacture by Kuraray Ltd as the epoxy resin curlng
agent g@ff the comonedidddhyddshedsd lica (F- (]-méI@ﬂﬁ?ldé‘a”E FCbq B&up

manuf acture by Fukushima Yogyo Co., Ltd. average particle dlaneter 10
m or alguTvauBn®yor @ a8 dikerd: 141 agdenBamE HD-Q8D, ghBapi act Uy )by Shawa
Denko K average particle dianeter: 3 n) as the inorganic flller of

t he CQH@Q{“W@re( Fr)ea@ttledreé@yio@t@yfokewﬂeu@g tthe ofitayenta sed Meton &nd

they were mixed in blend proportions (parts by mass) shown in Table 1 to

Tabl e 4 t@1@Qtaige Qgﬁggﬁﬁﬁp ni shes having a re5|n content of 65 % by
mass. I n Conparative anplggszﬁto 6, red phosphorus (trade
[0061]

Production Example 8: production of a maleimide compound (B-8)
A reactor having a volume of 2 liter which was equipped
with a thermometer, a stirring device and a moisture
determining device equipped with a reflux condenser and which
could be heated and cooled was charged with 360.0 g of bis(4-
maleimidephenyl)methane, 54.5 g of p-aminophenol and 414.5 g
of N, N-dimethylacetamide ((maleimide group
equivalent)/ (equivalent in terms of a -NH, group) = 4.0), and
they were reacted at 100°C for 2 hours to obtain a solution of
a maleimide compound (B-8).
[0062]
Production Example 9: production of a maleimide compound (B-9)
A reactor having a volume of 2 liter which was equipped
with a thermometer, a stirring device and a moisture
determining device equipped with a reflux condenser and which
could be heated and cooled was charged with 570.0 g of 2,2’-

bis[4-(4-maleimidephenoxy)phenyl ]propane, 54.5 g of P-
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nane: Hi shi guard TP-10F, manufacture by N ppon Chemcal Industrial Co.,

. Ltd.), triphenyl phosphate (manufacture by 36 Kanto Chemical Co., Inc.) or
phosphoric ester (trade name: PX- 200, manufacture by Dai hachi Chem cal

| ndustry Co., Ltd.) was wused in place of a netal salt of disubstituted
phosphinic acid which was the conponent (A). Next, an E glass cloth having
a thickness of 0.2 mmwas inpregnated and coated with the vani sh descri bed
above admehi ndysieéedl anthadré e, at g1GEC posptlefit NYlesd10 wbiGhetRy Dr epheg
having a resin content of 55 % by mass. Four sheets of the above prepregs
wer e supgidpsati dandroeipecédol yalenepppesui oallenef 8 beomwerser daspaoged at
the upper and |ower sides and pressed at a pressure of 2.45 MPa and a

t enper afrbg Of =1850)f,0rar) fheyt @8rko rebicidy aagoppercclfad 4 anbiatedo

pl ate. The copper clad | am nated plate thus obtained was used to neasure
and evalptad £n da COPPEE 1 bR bf adhesi ¥emi e opehbyuhaopnen)foil peeling
strength), a glass transition tenperature, a solder heat resi stance, a

moi st ur g oesr ption (water absorption coefficient), a flame resistance, a
relative dielectric constant (1 GHz) and a dielectric |loss tangent (1

GHz) bwﬂdﬁhdﬁi&@dﬁxg Qé'b@d cf”&hedﬁ|Haﬁdyéﬂﬂ%ﬂétéb?§$@%§0fBare
shown in Table to Ta . 065] 37 Table 1 Exanple
10)

A reactor having a volume of 2 liter which was equipped
with a thermometer, a stirring device and a moisture
determining device equipped with a reflux condenser and which
could be heated and cooled was charged with 282.0 g of 4-
methyl-1, 3-phenylenebismaleimide, 54.5 g of p-aminophenol and
336.5 g of N,N-dimethylacetamide ((maleimide group
equivalent)/ (equivalent in terms of a -NH, group) = 4.0), and
they were reacted at 120°C for 2 hours to obtain a solution of
a maleimide compound (B-10).

[0064]
Examples 1 to 20 and Comparative Examples 1 to 8

Used were an aluminum salt of methyl ethyl phosphinate
(manufactured by Clariant AG.) or an aluminum salt of diethyl
phosphinate (manufactured by Clariant AG.) as a metal salt of
disubstituted phosphinic acid which was the component (A),
bis{4-maleimidephenyl)methane (manufactured by Daiwakaseil
Industry Co, Ltd.), 2,2"'-bis[4-(4-
maleimidephenoxy) phenyl]propane (manufactured by Daiwakasei

Industry Co, Ltd.) or the maleimide compounds (B-1 to 10)
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Thernosetting resin conposition (parts by mass) Conponent (A) Al um num salt
(A-1) of nethyl ethyl phosphinate 10 10 20 20 20 Alum numsalt (A-2) of

di et hyl phosphi nate 10 Conponent (B) 40 Bis(4-nal ei m dephenyl) net hane 30
30 2,2'-Bis(4-(4-mal ei m dephenoxy) phenyl ] propane 30 WMal ei m de conpound
(B-1) 40 WMal eimde conmpound (B-2) 40 Maleimde conpound (B-3) 40
Conmponent (C) Benzoguanam ne 10 10 10 10 10 Acetoguanam ne 10

2,4-Di agp0rBsyi N - $rJd R iR%) DESYA g(i'e%m de tSomenent Ehe PhgRekmigwol ac
type epoxy resin (D-1) 60 60 60 50 50 50 Dicyclopentadiene type epoxy

resi n (D)o fimPoReRhe( 'ébmpw Ry %aentbérpzog%%&nfﬁé' PT%QQ?QE¥H§édr

(E-1) of styrene and naleicC anhy rlde Copol ynmer resin |sobu?ylene

and nal n nent Cryshe ac(F-1)
30 30 40 TH5"50 0 At roen byl ot He. (B350 0°58™ B nsir onar aad

eval uatyQf, r &5l £ 524 fle CoBREr JQlJaRHNGR Y€ PHABALEYCEERRRET BP! | Kanto
Chemical Co., Inc.) as the 6-substituted guanamine compound of
the component (C), a phenol novolac type epoxy resin (D-1,
trade name: Epicron N-770, manufacture by Dainippon Ink &
Chemicals Inc.) or a dicyclopentadiene type epoxy resin (D-2,
trade name: HP-7200H, manufacture by Dainippon Ink & Chemicals
Inc.) as the epoxy resin of the component (D), a copolymer
resin of styrene and maleic anhydride (E-1, trade name: SMA-
EF-40, manufacture by Sartomer Co., Ltd.) or a copolymer resin
of isobutylene and maleic anhydride (E-2, trade name: Isobam
#600, manufacture by Kuraray Co., Ltd.) as the epoxy resin
curing agent of the component (E), crushed silica (F-1, trade
name: F05-30, manufacture by Fukushima Yogyo Co., Ltd.,
average particle diameter: 10 gm) or aluminum hydroxide (F-2,
trade name: HD-360, manufacture by Showa Denko K.K., average
particle diameter: 3 pu m) as the inorganic filler of the
component (F) and methyl ethyl ketone as the diluent solvent,
and they were mixed in blend proportions (parts by mass) shown
in Table 1 to Table 4 to obtain homogeneous vanishes having a
resin content of 65 % by mass.
In Comparative Examples 4 to 6, red phosphorus (trade
name: Hishiguard TP-10F, manufacture by Nippon Chemical

Industrial Co., Ltd.), triphenyl phosphate (manufacture by

36



peeling strength: kNNm) 1.60 1.65 1.69 1.62 1.61 1.60 (2) dass transition
tenperature (Tg, 'C) 200 205 198 230 230 235 (3) Sol der heat resistance
Good Good Good Good Good Good (4) Copper-stuck heat resistance (T-288,

m nute) >60 >60 >60 >60 >60 >60 (5) Misture absorption (water absorption
0.50.50.50.50.6 0.5 coefficient: % (6) Flanme resistance V-0 V-0 V-0
V-0 V-0 V-0 (7) Relative dielectric constant (1 GHz) 4.2 4.3 4.3 4.0 4.1

4.0 (%ﬂ@kﬁ&érﬁigaiOéé.yagagng (13%» ?{@ff%-&% Q 006 000640 A7 0. 8RS

0.005 38 Table 2 Exanple ( Thernosetting resin conposition
o 20 TSy ATROEE A MU RS, (Mt om L) e
Commonelierk iy "B 08 SomBOunC LT S| e carvanio (el bk e
el 1S PR Bl Rl 1 e copond (57) 40 Vel el e
Next, an E glass cloth having a thickness of 0.2 mm was
impregnated and coated with the vanish described above and
heated and dried at 160°C for 10 minutes to obtain a prepreg
having a resin content of 55 % by mass.
Four sheets of the above prepregs were superposed, and
electrolytic copper foils of 18 um were disposed at the upper
and lower sides and pressed at a pressure of 2.45 MPa and a
temperature of 185°C for 90 minutes to obtain a copper clad
laminated plate. The copper clad laminated plate thus obtained
was used to measure and evaluate a copper foil adhesive
property (copper foil peeling strength), a glass transition
temperature, a solder heat resistance, a moisture absorption
(water absorption coefficient), a flame resistance, a relative
dielectric constant (1 GHz) and a dielectric loss tangent (1
GHz) by the methods described above. The evaluation results

thereof are shown in Table 1 to Table 4.

[0065]
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Mal ei m de conpound (B-10) Conponent (C) Benzoguanami ne 10 10 10 10 10 10
Acet oguanam ne 2, 4-Di am no-6-vinyl-s-triazine Dicyandi am de Conponent (D)
Phenol naedlac 1t ype epoxy resin (D-1) 50 50 50 50 50 50 Dicycl opentadi ene
type epoxy resin (D-2) Conponent (E): curing agent for epoxy resin

Cgpolymer resin (E-I) of styrene and nmal gic_anhydride (opglymer resin

(k- 2) of isobutylene and maleic anhydri oTlernt U‘) moTggnT ¢ {1 t et
Cr chaod | /|_ 1\ AQ AN A0 A0 A0 AN | |:|LW'; 22w 21V rn\ll dAd [ 2)
UQIICU JI 1 \1(1 1 U U U U U U oaTTr 1 LILIL Ily I UANT U\J \T Ll

| FReHMRRRL NI FRP 1B TR FIGR (PaSTH b3 m ) bper f oi l adhes%g pro

e
( cepp@hedtoid) 1.60 1.65 1.65 1.65 1. 65 1.p5 peeling [strength: kN m (
Ol 38Rl LANSHE T QN SERELAR UL { [oorldna?20) 280 270 239 285 735, 13) 30

'd I'\(‘I ot _I\I\I"I fnnmr ot IIQI/

ey
LT UL MCoOT ol ATITv o \_I'l ™ P\al ST OUIN LILI

Vabonaétts@ption 0.6 0.5 0.5 0.5 0.6 0.p cogfficigntjo % (6) KFlanme

h a
r 3s4*%‘£“5h’€‘esa(1‘r-(28§. °Fndﬁa‘tbé3 PBG’(P"%%GO >60 >60 >B0 |(5) i sture absornption
(
;

€513 (?%%?elmcgephenyl)meghaneu v-U VU 30 30

2,2"-Bis[4- (4-maleimidephenoxy)phenyl] propane 30

Maleimide compound (B-1) 40

Maleimide compound (B-2) 40

Maleimide compound (B-3) 40

Component (C)

Benzoguanamine 10 10 10 10 10

Acetoguanamine 10

2,4-Diamino-6-vinyl-s-triazine

Dicyandiamide

Component (D)

Phenol novolac type epoxy resin (D-1) 60 60 60 50 50 5Q

Dicyclopentadiene type epoxy resin (D-2)

Component (E): curing agent for epoxy resin

Copolymer resin (E-1) of styrene and maleic

anhydride

Copolymer resin (E-2) of isobutylene and maleic

anhydride

Component (F): inorganic filler

Crushed silica (F-1) 40 30 40 40 40 40
Aluminum hydroxide (F-2) 10 20 10

Measurement and evaluation results

(1) Copper foil adhesive property (copper foil
peeling strength: kN/m)

(2) Glass transition temperature (Tg, °C) v 200 205 198 230 230 235
(3) Solder heat resistance Good Good Good Good Good Good
(4) Copper-stuck heat resistance (T-288, minute) >60 >60 >60 >60 >60 >60
(5) Moisture absorption (water absorption

.. 0.5 0.5 0.5 0.5 0.6 0.5
coefficient: %)
(6) Flame resistance v-0 v-0 v-0 v-0 v-0 v-0
(7) Relative dielectric constant (1 GHz) 4.2 4.3 4.3 4.0 4.1 4.0
(8) Dielectric loss tangent (1 GHz) 0.006 | 0.006 | 0.006 | 0.005 | 0.005 | 0.005
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(7) Relative dielectric constant (1 GHz) 4.1 3.8 3.7 4.1 4.1 4.1

(8)

Dielectric loss tangent (1 GHz) 0.004 0.003 0.002 0.003 0.003 0.003 39
Table 3 Bednt@ € 13 14 15 16 17 18 19 20 Thernosetting resin conposition

(parts by mass)

Component (A) Aluminumsalt (A-1) of nethyl

et hyl

20 50 10

1

Ca nponent (B) Maleim de corrpound (B-1) 4

10 10 phosphinate Alum numsalt (A-2

of

di et hyl

phasppidate 20 20

0 §0

12

c

({

g}mos t%EﬁgdiegygLééhgp ;;10 (QEQE¥énby tgéii

TpOUTT

Al

-
T

\
]

UL~ LA UU CUIMTPpuUUTiuU (b~ J) var <t 111 C CUITPu
COmpey 8npound (B-8) Maleimide conp

15

d
- L s yl ipape 11020

)
9) Nl eim

ar <1 III

gunal

LD
\L)

20

42 1Pnaimne 6- (AR bE 34 éthiyphosphiatd 0

Component (B)

Maleimide compound (B-1)

Maleimide compound (B-2)

Maleimide compound (B-3)

Maleimide compound (B-4)

40

Maleimide compound (B-5)

40

Maleimide compound (B-6)

40

Maleimide compound (B-7)

40

Maleimide compound (B-8)

40

Maleimide compound (B-9)

40

Maleimide compound (B-10)

Component (C)

Benzoguanamine

10

10

10

10

10

10

Acetoguanamine

2,4-Diamino-6-vinyl-s-triazine

Dicyandiamide

Component (D)

Phenol novolac type epoxy resin (D-1)

50

50

50

50

50

50

Dicyclopentadiene type epoxy resin (D-2)

Component (E): curing agent for epoxy resin

Copolymer resin (E-1) of styrene and maleic
anhydride

Copolymer resin (E-2) of isobutylene and maleic
anhydride

Component (F): inorganic filler

Crushed silica (F-1)

40

40

40

40

40

40

Aluminum hydroxide (F-2)

Measurement and evaluation results

(1) Copper foil adhesive property (copper foil
peeling strength: kN/m)

(2) Glass transition temperature (Tg, °C)

240

235

225

245

245

245

(3) Solder heat resistance

Good

Good

Good

Good

Good

Good

(4) Copper-stuck heat resistance (T-288, minute)

>60

>60

>60

>60

>60

>60

(5) Moisture absorption (water absorption
coefficient: %)

(6) Flame resistance

V-0

(7) Relative dielectric constant (1 GHz)

4.1

(8) Dielectric loss tangent (1 GHz)

0.004

0.003

0.002

0.003

0.003

0.003
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Dicyandiamide 1 2 2 5 Conponent (D) Phenol

. 50 50 50 40 50 25 Di cycl opent adi ene type epoxy resin (D-2) 50 50

ConponentalbE2: 3curi ng agent for epoxy resin Copol ymer

resin (E-1) of

novol ac type epoxy resin (D 1)

styrene and nal ei ¢ anhydride 29 B 10 Copolynmer resin (E-2) of isobutylene
and nmal el ¢ anhydride 8 Conponent] (F): inorganic fiEk&pierushed silica
(F-1) 40 40 20 40 40 40 40 Al umf{num hydroxijdas(F 2)s 20 10 10 130 {10:9 20
Memstiogeny rend covaditabients esul tfs (1) | Copper foi| adhesive [propefty
(copper foil peeling strength: kN/m 1160 1165 1 65 1 65 1 G0 1 .60 1 6Q
1| ©fponén?) (Ad ass tran5|t|on termerature Tg. |C) 240 235[225 245 200 200}200
25@1um(®)1 sSo| et ¢fersehyieshdt ance Gogd Good Gpod,Good Good,godd ,Good Good |,
( DR BEE st uek—heat—resista (F2B 60—>60-60 >60 >60 606060
LMII\lb \ ] A7 AAYJ o J A A4 Ay
mi ﬁiHmH‘\Uf“(Sﬁl\t Wbt stiudietiab eeRt 1R (wat er aﬁhnr ption 2% (0. 5016 0.5 0205
0.&m@rd: epefficient: $) (6) Flafe resjstan¢e V-0 V-0 V-0 V-0 V-0l V-0 V-0
V- Raref{mlye Rebabtd v@1di el ectric congtant ((140GHz) 4.1 3.8 B. F04.{1 43. 9 4400 B. S
3. Ya1elBle RnplufctshLe 1 0ss tangent [(1 GHz) 0.004 0.][003 0]002 Q. 003 0. 002
' ngImlde compouncpt(’fﬂ 4U
Maleimide compound (B-4) 40
Maleimide compound (B-5)
Maleimide compound (B-6)
Maleimide compound (B-7)
Maleimide compound (B-8)
Maleimide compound (B-9)
Maleimide compound (B-10) 40
Component (C)
Benzoguanamine 10 10
Acetoguanamine
2,4-Diamino-6-vinyl-s-triazine 10 10
Dicyandiamide 1 2 2 5
Component (D)
Phenol novolac type epoxy resin (D-1) 50 50 50 40 50 25
Dicyclopentadiene type epoxy resin (D-2) 50 50
Component (E): curing agent for epoxy resin
Copolymer resin (E-1) of styrene and maleic
anhydride 29 8 10
Copolymer resin (E-2) of isobutylene and
maleic anhydride 8
Component (F): inorganic filler
Crushed silica (F-1) 40 40 20 40 40 40 40
Aluminum hydroxide (F-2) 20 10 10 10 10
Measurement and evaluation results
(1) Copper foil adhesive property (copper
foil peeling strength: kN/m) 1.60 1.65 1.65 1.65 1.60 1.60 1.60 1.60
(2) Glass transition temperature (Tg, °C) 240 235 225 245 200 200 200 250
{3) Solder heat resistance Good Good Good Good Good Good Good Good
(4) Copper-stuck heat resistance (T-288,
minute) >60 >60 >60 >60 >60 >60 >60 >60
(5) Moisture absorption (water absorption
coefficient: %) 0.5 0.5 0.6 0.5 0.2 0.5 0.5 0.3
(6) Flame resistance V-0 V-0 V-0 V-0 V-0 V-0 V-0 V-0
(7) Relative dielectric constant
(1 GHz) 4.1 3.8 3.7 4.1 3.9 4.0 3.9 3.9
(8) Dielectric loss tangent (1 GHz) 0.004 0.003 0.002 | 0.003 | 0.002 0.005 | 0.003 | 0.002
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Table 4 Conparative Exanple 1 2 3 45 6 7 8 Thernosetting resin

conposition (parts by nass)

e

(

t hyl

Conmponent (A) Alum numsalt (A-1) of nethyl

phbalphénéte 20 Alum numsalt (A-2) of diethyl

phosphi nat e

B) Bis(4-maleinmdephenyl)- 30 40 30 30 nethane 2,2'-Bis[4-(4-

Conponent

al ei m dephenoxy)- 30
0 10 Acetoguanani ne

30 30

phenyl

pr 0 camgarGampoEeatpleC) Benzoguanam ne

105 2,

- Di,am

no- - Vi

nyl; st

riazin

5 1Q 10

m
1
B
6
(

YAl any desid0 5 Cgnmponent
Ocomtds B@on Dlaergdyopent ddi ene t

(L) F
ype 60

enol

60 60

npvol ac

60 epo

Type €
V resi

POXY T €
n (D-2)

-
51N (-
Comg

8
Ty 90"
nent

Foipohé®®r @ANI C

Aluminum salt (A-1) of
methyl ethyl phosphinate

20

Aluminum salt (A-2) of
diethyl phosphinate

Component (B)

Bis (4-maleimidephenyl) -
methane

30

40

30

30

2,2'"-Bis[4- (4-
maleimidephenoxy) -
phenyl jpropane

30

30

30

Component (C)

Benzoguanamine

10

10

Acetoguanamine

10

2,4-Diamino-6-vinyl-s~
triazine

10

10

Dicyandiamide

10

Component (D)

Phenol novolac type epoxy
resin (D-1)

80

60

60

60

Dicyclopentadiene type
epoxy resin (D-2)

60

60

60

60

Component (F): inorganic
filler

Crushed silica (F-1)

20

Aluminum hydroxide (F-2)

20

(Phosphorus base flame
retardant)

Red phosphorus (F-1)

20

Triphenyl phosphate (F-2)

20

Phosphoric ester (F-3)

20

20

20

Measurement and evaluation

results

(1) Copper foil adhesive
property {copper foil
peeling strength: kN/m)

0.90

0.90

0.70

0.45

0.45

0.45

0.40

0.45

(2) Glass transition
temperature (Tg, 'C)

140

150

130

120

120

120

120

120

(3) Solder heat resistance

Swollen

Swollen

Swollen

Swollen

Swollen

Swollen

Swollen

Swollen

(4) Copper-stuck heat
resistance (T-288, minute)

1

1

0

0

0

0

(5) Moisture absorption
(water absorption
coefficient: %)

(6) Flame resistance

Burned

Burned

Burned

Burned

Burned

Burned

(7) Relative dielectric
constant (1 GHz)

4.9

5.1

5.1

5.1

5.2

5.3

(8) Dielectric loss

tangent (1 GHz)

0.014

0.017

0.023

0.023

0.025

0.026
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filler Crushed silica (F-1) 20 Al umi num hydroxide (F-2) 20 (Phosphorus

. base flane retardant) Red phosphorus (F-1) 20 Triphenyl phosphate (F-2)
20 Phosphoric ester (F-3) 20 20 20 Measurenent and evaluation results (1)
Copper foil adhesive property (copper foil 0.90 0.90 0.70 0.45 0.45 0.45
0.40 0.45 peeling strength: kNNm) (2) dass transition tenperature (Tg,
"C) 140 150 130 120 120 120 120 120 (3) Sol der heat resistance Swol | en
Swol | en ﬁngéen Swol I en Swollen Swollen Swollen Swollen (4) Copper-stuck
heat resis a&ce (T-288, minute) 1 1100000 (5 Misture absorption
(wat er absogption 1.1 1.% 0 1.1.1

Fl ame resi st asncaepRﬁrle%r n]é%mgﬁ&%eﬁew}ﬁ%ﬁ?ﬁggnéﬁgng% Efﬁ]; :Jrgé%gfﬁargﬁc? (:?’)7)
ot ve SLPLEELE SOBS!TRL  GE)c, OB LT dubted Sy ()
0.026 4L [ 90091 £ APPYent fy oMt g Ry ts shown dfLdebl & Lt dakle 3
temperature (Tg), the solder heat resistance (T-288), the
moisture absorption (water absorption coefficient), the flame
resistance, the relative dielectric constant (1 GHz) and the
dielectric loss tangent (1 GHz) in the examples of the present
invention.
On the other hand, as apparent from the results shown in
Table 4, the laminated plates which are balanced in all of a
copper foil adhesive property, a glass transition temperature,
a solder heat resistance, a moisture absorption, a flame
resistance, a relative dielectric constant and a dielectric
loss tangent are not found in the comparative examples, and

they are inferior in any of characteristics.

INDUSTRIAL APPLICABILITY
[0070]

The prepregs obtained by impregnating or coating the
base material with the thermosetting resin compositions of the
present invention and the laminated plates produced by
laminating and molding the above prepregs are balanced in all
of a copper foil adhesive property, a glass transition
temperature, a solder heat resistance, a moisture absorption,

a flame resistance, a relative dielectric constant and a

4 2



a balance is kept in all of the copper foil adhesive property (copper foi
. peeling strength), the glass transition tenperature (Tg), the sol der heat
resi stance (T-288), the noisture absorption (water absorption
coefficient), the flame resistance, the relative dielectric constant (1
GHz) and the dielectric loss tangent (1 GHz) in the exanples of the
present invention. On the other hand, as apparent fromthe results shown
in  Tabl& docdhc | PNAt %Qngéﬁws a(mc%%ﬁ,etg%anfse&dln alsl of Frifahper

foil adhesive property, a gFfass transitio nperature, a sol heat

rest st ancenQ JIpl A UGy ADPOCREOONe nl ARFentssi stance, a relative
dielectric constant and a dielectric 0Ss tangent are not found in the
conparative exanples, and they are inferior in any of characteristics.

| NDUSTRI AL APPLI CABI LI TY [0070] The prepregs obtained by inpregnating or
coating the base material with the thernosetting resin conpositions of the
present invention and the |lam nated pl ates produced by |am nating and
nol di ng the above prepregs are balanced in all of a copper foil adhesive
property, a glass transition tenperature, a solder heat resistance, a

noi sture absorption, a flanme resistance, a relative dielectric constant
and a 42 dielectric loss tangent, and they are useful as a printed wring
board for electronic instruments. 43 WHAT IS CLAIMED | S:

43



1. A thernosetting resin conposition conprising: (A) a netal salt of

di substi tut ed phosphinic acid, (B) a naleimde conpound having a
N-substituted maleimde group in a nolecule, (C a 6-substituted guanam ne
conpound represented by the following Formula (1) or dicyandi am de and (D)
an epoxy resin having at |east two epoxy groups in a nolecule: [Ka 1] H2N
INY NH2 IN\ /N R+ (1) (wherein Rl represents phenyl, nethyl, allyl,

Vi nyl , t@ﬂrs . benzyloxy). 2. The thernosetting resin
conpositionaccording to claiml1, wherein the naleimde conpound having a

N subst,i t ut d L1 r 1N | | ntains _a. conmpound having an
acidic]§ubs§iFﬁggﬁggggggﬁguggg ﬂrgsgggﬁgﬁgPﬁiggmggéﬁpngrepresented by the
fol |l ow Formyl a (3),.,0r For.mul.a ich i.s. a product produced by
reacti n(grl\q( 5 ﬂg{é_"alrraslgelitmoage: %losﬁbbo%éllﬁguthe\é%ip Os:ﬁhJIrEa 2% N-substituted
mal ei m groups.in a_  nmolecule with (b-2) an am ne conpound havi.ng an
ot di ¢ (514780 b 881 pamReer cRPENERRHY TR ING Fol FORTG R iR [oy el
organi c_sol vent : %5%_2 HZN- (\ R-X ~(Rs)r (2)

group in ‘a molecule,

(C) a 6-substituted guanamine compound represented by the

following Formula (1) or dicyandiamide and

(D) an epoxy resin having at least two epoxy groups in a

molecule:

[Ka 1]

N
11/ (1)

(wherein R; represents phenyl, methyl, allyl, wvinyl, butyl,

methoxy or benzyloxy).

2. The thermosetting resin composition according to claim 1,
wherein the maleimide <compound having a N-substituted
maleimide group in a molecule contains a compound having an
acidic substituent and an unsaturated maleimide group
represented by the following Formula (3) or Formula (4), which
is a product produced by reacting (b-1) a maleimide compound
having at least two N-substituted maleimide groups in a

molecule with (b-2) an amine compound having an acidic
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(wherein R2 each represents independently an acidic substituent

sel ected

froma hydroxyl group, a carboxy group and a sulfonic acid group; R3 each
represents independently a hydrogen atom an aliphatic hydrocarbon group
having 1 to 5 carbon atons or a halogen atom x is an integer of 1 to 5,

and y is an integer of 0 to 4; and a sumof x and y is 5); [Ka 3] 0 N -
I (RNY HN-\7 (R4)4 (RIY (3) (wherein R2, R3, x and y represent the sane

ones a EqQr R4 _each represent |nde ently a dro en_atom
%uﬁgﬁi% QHHﬁocéé%gﬁeanupnﬁé R ? % ta b At o ?% ﬁa]%gen
a on) [Ka 4] 45 Oep NNHN OS5 6)a O J (Ra)y (4) (wherein R2, R3, x and y
represgﬁﬁapﬁg §§ﬁ§'Sﬁes as in Formula (2); R5 and R6 each represent
|ndepeg%% ?éy a hydrogen atom an aliphatic hydrocarbon group having 1 to
a

5 carb ms or a halogen atom and A is an al kyl ene group,

an

al kyl i dene group, an ether group, a sulfonyl group or a group represented

by the follow ng _/rcﬂzji (5);
H,N
\./

(Ra)y (2)

(wherein R, each represents independently an acidic substituent

selected from a hydroxyl group, a carboxy group and a sulfonic

acid group; Rs each represents independently a hydrogen atom,

an aliphatic hydrocarbon group having 1 to 5 carbon atoms or a

halogen atom; x is an integer of 1 to 5, and y is an integer

of 0 to 4; and a sum of x and y is 5);

< (M >\HN @ < (Rok

(Ra)y 3)

[Ka 3]

(wherein Rz, R3, x and y represent the same ones as in Formula

(2); Ry each represents independently a hydrogen atom, an

aliphatic hydrocarbon group having 1 to 5 carbon atoms or a

halogen atom) ;

[Ka 4]
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[Ka 5] fao--O O CJ (5) 3. A prepreg obtained by inpregnating or coating a
base materialt with the thernosetting resin conposition according to claim
1 or 2 and then subjecting it to a B stage. 4. A lam nated pl ate obtai ned
by lam nating and nolding the prepreg according to claim3. 5. The

| am nated plate according to claim4, wherein it is a netal clad | am nated
pl at e obt ai ned bg super posi ng a al foil on at | east one side of the

prepreg and the hea{Lpguk\Eigssi and nolding it. 46
X

o) (Rs), (Re)s & HN—@

(Ra), (4)

(wherein R;, R3, X and y represent the same ones as in Formula
(2); Rs and Re each represent independently a hydrogen atom, an
aliphatic hydrocarbon group having 1 to 5 carbon atoms or a
halogen atom; and A is an alkylene group, an alkylidene group,

an ether group, a sulfonyl group or a group represented by the

following Formula (5);

—O+O
(3)

3. A prepreg obtained by impregnating or coating a base

[Ka 5]

material with the thermosetting resin composition according to

claim 1 or 2 and then subjecting it to a B stage.

4. A laminated plate obtained by laminating and molding the

prepreg according to claim 3.

5. The laminated plate according to claim 4, wherein it is a
metal clad laminated plate obtained by superposing a metal
foil on at least one side of the prepreg and then heating,

pressing and molding it.
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