
;e3e^[Dv6TDb%RESIN FILM AND MULTILAYER PAINTED WIRING HOARD USING THEREOF
BACKGROUND OP THE INVENTION Field of the Invention The present invention
relatas Lo a ream film and n multilayer printed wiring board containing en
Insulating layer obtained by curing Bald resin film, which are used
suitably for insulatlon of electrlc and electronic fields. Descripition of
the relatad Art In multilayer printed wiring board carrying electronic
parts such as LSI. represented by a mounting substrate (lnterposar), metal
wires are arranged not only on the multi1ayar printed wiring board surface
but also 1nside thereof in three dimensions Such a mu1ti1ayer printed
wiring board may have stress by repetiticn of expansion by generation Of
heat OP LSI eto. at the time Of energization end contraction at the time of
stopping energization and by the change of external temperature
environment. Due to the stress, oracks may be generated in insulating layer
of cured epoxy resin, end motel wires 1n a multilayer printed wiring board
may be out thus there have been a problem of low electric reliability In
older to cope with the problem, 12 is proposed that a film of en epoxy
resin compounded with n polyether sulfone 1s cured, and the cured product
1s used as the insulating layer of a mu1ti1ayer printed wiring board for
2 increaslng the toughness of a insulating layer of a multilayer printed
wiring board Moreover, using a filler as one component a a resin film for
lowering the thermal expansion coefficient of insulating layer 1a proposed
(.JPA-3001-73831). However as the insulating layer obtained by curing such
a resin film further improvements of fire retardancy and motel plating
processab111ty ere required. SUMMARY OF THE INVENTION The OBJECT of the
present invention is to provide a resin film which has not only toughness
but also fire retardancy high lnterlayar adhesion strength and good
processability of metal plating and to provide a multilayer printed wiring
board containing en insulating layer obtained by curing avid ream film As a
result of intensive studies, the present inventors found out that the above
problem can be solved by using a resin film having different fillar content
in thickness direction of the resin film, end accomplished the present
lnvention. Namely, the Dreamt invention is as fo11ows. [1/ A resin Ells
comprislng (A7 m epoxy ream having two or more glycidyl groups 1n a
molecule, (B) en epoxy resin curing agent. (C) a thermoplastic ream, end
(D7 n f111er, wherein the f111er content In at loser althea one of the 



3 surface regions on the cross-sectiov of the film is less thaw the f111er
content iv the central regions [1] A resin film according to [1], wherein
two or more films era laminated. I37 A resin 11m acoording to [1] or [27,
wherein epoxy resin (A) having two or more glycidyl groups 1v a molecule is
represantad by f011owing formula (1) N N CH--I ~ R  (R) (R)I v \I~JH
wherein n represents en average repeating number OP 1 to 10: A plurality Of
R each independently represents hydrogen atom, an alkyl group having 1-10
carboy atoms, en aralkyl group having 6-IO carbon atoms, m aromatic grout'
having 620 carbon atoms, a ayoloalkyl grout' having d-7 carboy atoms or a
hydrocarbon group having 6-10 carboy atoms containing a cycloalkyl group
having 5-7 carbon atom 1 each independently represents an integer of 1-4:
Gly represents glycldyl group. [47 A resin film according to any one of [11
to [3], wherein epoxy resin during agent (B) 1s phenol novolak. [S] A resin
film according t0 any one of [1] to [3], wherein a thermoplastic resin (C)
is polyether sulfone [6] A resin film according to any one of [17 to [37,
wherein filler (D] is silica   4 [77 A multilayer printed wiring board
comprlsing en insulating layer obtained by curing the resin film according
to arty ova of [I] to [6]. DETAILED DESCRIPTION OF THE INVENTION The rash
film of the present invention comprises (A( an epoxy ream having L-ao or
more glycidyl groups in a molecule, (B) en epoxy ream curing agent, (c) a
thermoplastic resin and (D) a filler and the ream film has different filler
concentration 1n thickness direction of the resin film. that is the filler
content In et least either one of tits surface regions on the cross-section
of the film 1s less then the filler content 1n the central region of rite
211s. Here, tits surface region on the cross section of tits film means a
surface side region in the film, and usually, the region Prom surface to St
depth of the whole film (thickness 100%) 



The central region of the film is a region located further inside of the
211m from a surface region, and usually mama the region of from 10 to 6o8
depth Of the whole film In the resin film of tits present invention the
filler content contained In at least either one Of the surface regions on
the cross-section Of the film is less titan the filler content contained 1n
the central region The whole thickness of the resin film Of the present
invention is preferably 10 to 100 Dm in oleo of processability and more
preferably 30 to 75 pm.   5 12e resin film of the present invention has
different f111ar content 1n thickness directlon. For example, two or more
film having different filler content are laminated and a resin film having
filler content 1n surface region different from that 1n central region of
the film can be obtained The film used as surface =aglow has a thickness of
2 to 20 pm, preferably 5 to 10 pm, and Tee n filler (D) contentd on he
total of components (A) to (O) of 5 to 50% by weight, end preferably 20 to
d0 t by weight.When the content is less then 5t by weight, or more thin 50t
by weight, metal plating pro0essab111ty tends to fell. The film used as
central region has a thickness of a to 90 hm, and preferably 10 to 65 pm.
The filler (D) content has to be more than the filler content of the film
used as surface region, and usually it Se 30 to 001 by weight, preferably
40 to 70 t by weight, and more preferably 60 to 60 Y by weight. when the
content is lees then 30t by weight, the thermal expansion coefficient of
the insulating layer obtained by ouring the rash film tends to become
large. Furthermore, a resin film having different filler content in
thickness direction of the resin film at the present invention w111 be
explained concretely. For example, n resin composition (henceforth varnish
for resin film 1e prepared by dissolving or dispersing resin components of
(A), (B) and (C), and filler (D) in a   non-protavlo polar advent, such as
Y-butyrolnatone, dlmethplformemide (DMF), or N-methylBYrrolldone (NMP). 12e
varnish for resin film 1s coated on a support materiel using a roll caster
or a table coater end dried, end 1st resin oomposition layer 1s formed on
the support materiel. Then, 2nd resin composition layer, if necessary 3rd
or further layer, 1s formed on the 1st layer as the same manner with using
a varnis Pot reels film having different filler content, end a rash 211m of
the present invention can De obtained by peeling off the laminated resin
composition layers. The (A) - (D) components may react partially each
other. 



As the support material used Ear production of a resin film, organic films
such as PET (polyethylene teraphthlate), end metallic folly, ouch as a
copper foil and aluminum Poll, are usually used. The resin film of the
present invention may be a monolayer film having gradient fillar content 1v
the thickness direction of the film. As CDs distribution of a fi11er in
thickness direction in n resin film the filler content in The region of
Prom the surface (on which a motel wire 1v farmed by plating, etching, etc
to the depth of Et thicknese (total thickness of the film is 100t) is
preferably 5 to 507 by weight, and more preferably 20 to 10 7 by weight
(based on the total of components (A) to (D7). Khan the content is less
then 57 by weight, or more   7 then 30t by weight, metal plating
proceseability tends to fall. In the central region of the film, that 1s,
in 40 to 80 t depth region, the filler (D) content has to be more than the
filler content in the surface region, and 1t 1s usually 3D to 80i by weight
preferably 10 to 70 t by weight, and more preferably 40 to 60 7 by weight
when the content 1a lees than 307 by weight the thermal expansion
coefficient of the insulating layer obtained by oaring the resin film tends
to become large. the Tota1 thickness o1 the film 1e usually 10 to 100 Dm.
As a method of producing n film having gradient filler content in the
thickness direction, examplified n method Of producing n resin film
comprising coming a varnish for ream film on a base materiel, they allowing
to stand fox utilizing specific gravity difference between a fi11er and
components other than The filler. As the apoxy resin (A) having two or more
glycidyl groups in a molecule used 1n the present invention, exemplified
are. a phenol novolak type epoxy resin, a cresol novolak type epoxy resin,
a bisphonol A type epoxy resin, a bisphenol F type epoxy resin, a bisphanol
5 type epoxy resin, a biphenyl type epoxy resin, n biphenyl novolak type
epoxy resin, a trlahydroxyphenylmethena type epoxy resin a tetra
phenylethane type epoxy resin, a dicyolopencadians phenol type epoxy resin
resins of hydrogenation compound of an aromatic bisphanol compounds
and/or n polyphenol compound, cyc1oa11phatlc apoxy resins, such as
cyclohexane oxide, a glycidyl amine type apoxy resin, and various
derivatives thereo, etc. These cart be used elope or as a mixture thereof.
As the epoxy resin (A) having two or more glycidyl groups 1n a molecule
other than the above epoxy resins, en epoxy resin represented by following
fOrmula (1) can be examplified. GGN OGN GH-~ H -. I 



\ i (Ry(R)I n ~rv wherin n represents en average repeating number of 1 to
10; a plurality of N each independenily represents hydrogen atom, m alkyl
group having 1-10 carbon atoms an aralkyl group having b-30 carbon stoma,
am aromatic group having 630 carbon stoma, a cycloalkyl group having 3-7
carbon atoms. or a hydrocarbon group having 6-20 carbon atoms containing a
cycloalkyl group haying 3-7 carbon stoma; 1 each lndependentiy represents
art integer of 1-do and G1y represents glycidyl group. the epoxy resin
having the structure shown by the above formula (1) rtes excellent
neat-resistance, and 1s suitable as the epoxy resin component (A) of the
present invention This epoxy resin can be used 1n combination with one or
mars epoxy resins exemp1ified above.   9 The compounding amounts of the
apoxy resin (A) having two or more glycidyl groups in n molecule used 1n
the present invention is not especially limited as long as the object of
the present invention can be attained, and 1t 1s usually 1i by weight or
more based on the total amount of resin components (A) Lo (C), and
preferably 1 to 80t by weight. the production method of the epoxy ream is
not especailly 1imited, and examplified n method wherein a phenol or Its
derivative 1e reacted with nn apihalohydrin under existence of alkali such
as sodium hydroxide For the ream film of the present invention, a
thermosatting resin other then component (A) can be used 1n the range which
fines not injure the object of the present Invention, Examples thereof
include cyante resins, sash en oyanates of bisphenol A; biemalelmide, such
as dleminodlphevylmetEana blemalelmide; diemlnea, such as
dleminadlphenylsatrtene: e661t1on polymnre of blemnlelmlda and dlamlne;
elkenylaryl etrtera, aucE ne his-vivplbenzpl ether compound of blaghenol A,
sad vlaylbenzyl compound of 6leminadlphenylsethave: alkynyletGer, such as
diHroHargylether of 6lapheaol A, and dipropargpl compound of
diaminodlphevylmethena: Novolak resins, such as a phenol resin sad a resol
rash; ally1 compounds, such as en ally ether type compound, en a11y1emine
type compound; lsocyanetas, such as tr1a11y11socyenurate, .end   io10
tria11y1cynaturate; and polyplofins each as a vinyl-group containing
polyolefin compound. The epoxy reale curing agent (B) used 1n the present
invention is not especia11y 1im1ted, and knave epoxy resin curing agents cm
De used. Examples thereof include: polyhydric phanols such as phenol
novolak, polycondensation product of pahnol formalin and melemine and
polycondensation product of phenol, formalin me benzoguanamine amine type
curing agents such as dlcyandiamide, dlaminodlphanylmathane, and
diaminodlphenyl sulfone and acid anhydride curing agents, such as
gyrome11itic anhydrlde, trima11itic anhydrida, end beazophenone
tetracarboxyllc acid, etc. these am De used done ox 1n a combination of two
or more. Among them, 1n view of low water absorptivity polyhydric phenol 1s
preferable. end polycondensation product o phenol, formalin and melamine
(melamine modified phenol novalak) 1s especially preferable. 



Although the compounding ratio of the epoxy resin curing agent (B) can be
determined arbitrarily according to the combination with m apoxy rasin the
compounding ratio is usually determines so test the glees transition
temperature becomes high. Far example, when using phenol novolak as the
epoxy resin curing agent 1t 1s preferably to compound so that the ratio of
the apoxy equivalent to the hydroxyl equivalent 1a L1.    Examples of the
thermoplastic resin (C) used 1n the present inventlon include: engineer
pleatics, such as polyphenylene ether, end polycarbonate: super engineer
plastics, such as polyether sulfone, polyeulfone, polyether imide end
polgimide; polyolefine,. ouch as polpetrtyleve and polybutadiene;
polpacrylates, such as a polyacrylate, end n polqmethacrplate; and rubbers,
snort as terminal amine modified or terminal carbonxyl group modified
polybutadleneaorylonitr11e rubber. Among them polyethar sulfone is
preferably 1n view of toughness end fire retardancy. known polyather
sulfones whose molecular terminals 1s halogen atom, alkixy group, or
phenolic hydroxyl group can be need as the above polyether sulfone Among
tbem , polyethar sulfone having phenolic hydroxyl terminatal is espec1a11y
preferably 1n view of compatibility with Component (A), reactivity and
solvent resistance of the oared product. Furthermore, the resin film
composition OP the present invention can contain a component, for example,
acrylate methacrylate, styrone or the like, Poi providing photo curability
to the resin film of the prevent invention within the range which dose not
in]axe the object of the present invention. Next. component (p) used in the
realty film of the present invention v111 be explained   12 12e filler (D)
used 1n the present invention, usually tea n particle diameter of 0.1 to 20
pm, preferably 0.1 to 9 pm, and more preferably 0.1 to 1 ym. As the filler
(D), either OP an organic fillar or au inorganic filler cm De used. exaples
of tea organic filler include resins powders such as epoxy resin powder,
melemine ream powder, urea resin powder, guanamine rasin powder, and
polyester ream powder. Examples of the lnorganic filler include inorganic
powders, such as silica alumina end titantium oxide In order to reduce the
thermal expansion coefficient inorganic fillers ere preferable end silica
1e especially preferable, In view OP low diaelectric characteristic
moreover a curing catalyst cm be used for production Of the resin film OP
the present inventions examples therof include organic phosphine compounds
such as triphanylphosphine, tr1-4-mathplphenyl phosphine tra-4-
methoxyphenyl phosphine tributyl phosphine trioctyl phosphine and
tri-2-cyano ethyl phosphine, and tetrephanylborate thereeof amines such as
tributyl amine, trlethylemive, 1,e-dlazabicycl0(5,1,0)undecene-7, end
triemylamine quarternary ammonium salts, such as benzylchloride trimethyl
ammonium hydroxybanzyl trimethyl ammonium and triethylammonium tatrapha^p1
boraten and 1m16nzo1es, such as 2-etbyllmidazola, and 2-ethyl-d-methyl
lmldazole. among them, organic phosohine coumpounds and imieezolea ere
especially Draferenla. 



13 The curing catalyst 1s added 1n an appropriate amount s0 that a desired
gal time map be obtained. It Ss preferably to use a curing agents so that
the gel time of the compositin is from 1 minute to 15 minutes et n
Previouely determined temperature of between 80 m6 350C. An insulating
layar for multilayer printed wiring board can be formed by piling resin
fume prepared by the above described method on a separately prepared acre
substrate or on a separately prepared wiring layer of a printed circuit,
and curing thereof. the method of manufacturing a printed circuit 1e not
especially limited Far ezample when the resin film Ss a dry Ells obtained
by forming 6 ream layer on a support material such se PET, the PET as a
support material; 19 peeled off, then the dry film 1s disposed on a core
support laminated using s molding apparatus such as a vacuum terminator end
oared, thus en insulating layer can be prepared on a acre substrate. next a
motel wiring layer 1a formed by a method, such as metal plating, on the
insulating layer, a dry film 1s further piled thereon and cored to form m
insulating layer. By repeating these process a multilayer printed wiring
board is prepared. On the other hand, when the resin Ells L s form of s
resin-coated coBBar toll in which a rash layer 1e formed on copper Poll,
The resin-coated copper toll 1s firstly cured by heating Brass without
Dealing oft the copper toil as s support material. Than, a copper wiring
layer is   14 farmed by a tecfhniques such as etching the copper folk and a
resin films 1e hunt pressed on this wiring Taper, and an insulating layer
1a formed. By repeating those process. a multilayer printed wiring board 1s
prepared When a Plurality of insulating layers era contained in a
multilayer printed wiring board of the present invention, the insulation
layers may be prepared either by curing resins films having different
composition each other or by curing resins films having the same
composition. For producing the mu1ti1ayer printed wiring board, each layer
of the insulating layer end the wiring layer map be prepared stepwise end
alternately and a mu1ti1ayer structure map also De produced at a time by a
techniques such as Dent pressing In the present invention, the content a
filler (D) In at least either one of the surface regions on the
aroseaeotion of the film comprising components (A) to (D) is lass than the
content of filler (D/ in the central region of the film. By 221s
constitution 12 becomes possible to compound a sufficient amount of filler
necessary for improvement of the whole ream film performance. with reducing
the problem resulting from a fillar being excessively distributed near the
surfacee regions of the film. Thus, the metal plating processability 1e
improved, and a low thermal-expavelon property as the whale resins Ellen 1s
attainedf  



15 EXAMPLES Hereafter, examples of the present invention are shown but the
present invention is not limited to these. Exempla 1 Each component was
mixed as shown 1n Table 1, using 3 Loll m111 m4 varnishes C and D for resin
film were obtained. varnish C was coated on 38Pm PET films ac Nat the
thickness after drying 1e to De 5 yen, end dried at 80 C for 3o minutes in
a ventilation ovan Then, varnish D wan coated on this so that the thickness
attar drying 1s to be 35 ytm, end dried at 80 `C for 30 minutes N a
ventilation oven, and a film haying a PET film as support materiel was
contained the PET Ellen was peeled off Prom the Ellen, and a resin film was
obtained The resin Ells was taxed et 180C for 3 hours, and a test substrate
was obtained. Thermal expansion coefficeint wee measured using this teat
subtrats Sm11ar1y, the resin film after removing the PET film was cured at
1B0 "C tot JO minutes, and a test substrate was obtained. surface
roughening was studied using this test substrata. The results era shown in
Table 2.   16 Table 1 Varnish C for resin filmVarnish D for resin
filmTMH-57d40.740.7YD-120N10.I10.2KA-7052-L219,119.1PES5003P
I30.030.01-FX43.920Xl22.212N-4031.293.672E4MZ0.100.10~~Y-butyrolactone269.7
~22D.9I6~67.3 ~39.2 In TablA 1, tCe Omount oP eaah oomponent ate ertovn Sn
weight ratio 



TMH74 polyfunctional maunfactured by Sumltomo Chemical Co..ttd. apoxy
equivalents 1e 21B fl/e4. aop my ~4\~tab a ~i. YO-128Mn epoxy resin
manufactured by Toto Chemicals Co., epoxy equivalent 10 1B5.5 g/eg.   17
H.C~~H CHa~-V V~:~~: RA-7052-LZ: epoxy curing agent (melamine modified
phenol novolak, hydroxyl equivalent 1139/eq) manufactured by Dainippon Ink
and chemicals Inc. PE35003P: polyether sultana terminal hydroxyl group)
manufactured by Sumitomo Chemical CO.,LtG. 1-F%: silica (mean particle
diameter 0.4 pm7 manufcatured by Tatsumori Ltd. 20-%: silica(mean particle
diameter 0.7 pm7 manufactured by Denki kagaku kogyo k.k. KBM-403: epoxy
silane coupling agent manufactured by ShinEtsu Chemical Co..Ltd. 2E4MZ
2-etrtpl-!-methyl imidazola manufactured by Shikoku chemicals Corp. NI4P:
N-metrtplpyxr011QOne Comparative Example 1 



Varnish D OP Table 1 Was used alone m6 n teat substrate was produced by the
same manner with Exempla 1. The results at thermal expansion coefficient
and surface roughening are shown in Table 3. Physical properties described
iv the table Were measured by the following methods.   1B Thermal expansion
coefficient: the average of the thermal expansion coefficient (DDm/C) 1n
the range of 50 to 100 C measured by TMA method. Surface rouhening test
sample was exposed in permanganic acid solution at 80 C for 20 minutes end
roughening state of the surface was observed by SEM O shows sufficient
surface roughening, x shows insufficient surface roughening table2 example
1comparative~Exampie 1Thermal expansion25DAm27BPmcoefficientsurface
rougheningOxtest The cured product of the rash film of the present
invention 1a tough, and has a high fire retardancy a low thermal expansion
property, and good metal planting processability   



19 What 1s claimed is: 1. A resin film comoprising (A) apoxy resin having
two or more glycidyl groupS 1n a molecule, (H7 en epoxy resin curing agent,
(C) a thexmoplastic ream, and (07 a filler wherein the filler content in at
least either one of the surface regions on the cross-saotion of the film 1a
leas than the fillar concentration to the central region. 3. A reson film
according to claim 1, wherein two or more films are laminated 3. A resin
film according to claim 1 or 3, wherein epoxy resin (A) having two Or more
glycidyl group9 in a molecule is represrntrd by fo11owing formula (17 N/ ~N
~I~.~IJ H ..-........ (7) (R J~~~ \ ~H wherein, n represents an average
repeating number of 1 to 10; a plurality Of H each independently represents
hydrogen slam, en alkyl group having 1-10 carbon stoma, m aralkyl qroup
having 6-30 carbon slams, m aromatic group having 630 carbon atoms, a
cycloalkly group having f-7 carbon atoms or a hydrocarbon grout' having
6-20 carbon atoms containing n cyc1oalkyl group having 5-7 carbon stems; 1
each independently represents an integer of 1-d, and G1y represents
qlycidyl group.   20 a. A resin film according to any one of-claims 1 to 7,
wherein epoxy resin curing agent (B) 1s phenol novolak. 5. A resin film
according to any one of claims 1 to 3, wherein thermoplastic resin (C) 1s
ployether sulfone 6. A ream fl1m accordlng to any one of claims 1 to 7,
wherein filler (D) 1a silica 7. A multilayer printed wiring board
comprising en insulting layer obtained by curing the resin film according
to any owe of claims 1 to 6
/NZ/N`/Nj/N/N30Z/N/NjZ/N0/Nj'/Nj`/N0-/N/N/N3j/N3 /NZ/N-/N3 /N0/Nl5=Y 
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