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present invention relates to an insulating adhesi ve, an adhesive film
and an adhesi ve-backed netal:-foil,
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whi ch are usefu
Recent advancenent of electronic instrunents has been . acconpani ed by
increasingly strict requirenments of wiring boards for packagi ng

sem conductor (hereinafter, will be referred to as

sem conduct or - pwkespis® W ri ng boards), such 15 as PGA (pin gricrareeessys or

BGA ( bal

| grid ar

for printed wiring boards. 10 BACKGROUND ART

ray) packages, for high wiring density, noisture

resi stance and heat resistance. Also, tHe heat generated per unit area

has been

i ncr

eased due to increasing electronic conponent nounti
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mount ed on seni conduct or - packagi ng wiring boards are the use of wiring
»boards which are conposed of a netal plate bonded 25 wth copperioH—by—

i nsulat1 ng adhesives, or printed wiring boards bonded to radiation

.pl ates of high heat conduct ivity, such as al um num pl at es, copper

-pl ates or st ecwodEa1ss. To neet -these requirenments, PCIIBIMHOTIBNg
boards require conpl i cated shape- proq_egm ng, such as mJI tilayering, 30
formati on of cavities or i nstal | ation of radiation plates. Bondi ng
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2 sem conduct or - packagi ng wiri ng boards by using glass cloth-

‘epoxy resin prepregs, the wiring boards tend to warp or form ~GAFR
(Conductive Anodic Filanents), which occur due to m gration of copper
ion along the interface between glass 5 fibers and resin, and, on noisture
absorption, beswowssusm in sol dering heat resistance and ePEHIRISOHYIB
corrosion resistance. Further, the use of glass cloth-epoxy resin
prepregs in the production of wring boards requlrlng conpl i cat ed
shape- processi ng, such as férmtion of cavi
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‘epoxy._resin pomder_Ls_scat rlllllmLiJLixﬁﬂ_ connecting
surfaces, causing connectl bondi ng, or the resin fl ows
in large quantities and e V|t|es by the heat and pressure

‘applied duri ngWOS6BHa4i on, 15 so that the cavities | ose necesPOTIPHNITNs.
Rubber - epoxy resin adhesives are m xtures %f epoxy resins with various
rubbers conponents, such as acrylic bers or acrylonitrile-butadiene
rubbers, which are added to inprove the adhesives in strength,
flexibility and 20 adhesi on. Because of their relative excellency in

properties, such asgﬁggﬁF#'cal properties, heat resistance and sol vent
resi stance, these c 'nal acrylic rubber- cont ai ni ng adhesi ves
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are adhesive sheets ”ﬁd%ﬁfShé&Msmeﬁﬁce&cryl ic rubber with

't hernosetting resins, suc I ns, which, however., exhi bi t

i nsufficient properties ammgmﬁm tures due to the | ow epoxy resin
‘content of about 30 % by ; t her, these adhesi ves conposed

mai nly of acrylweseadher s have the defects that though thePCRAPS6N798
adhesi on strength after a long termtreatnent at high tenperatures is
relatively small, the adhesion strength at B gh tenperatures i s poor,
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3 noi sture absorptr |ves conposed mai nly of
-acrylonitrile- butadlene ddefect that the | oss of
adhesi on strength after a atment at high tenperatures is

lconS|derabIe and they are el ectrical corrosion resistance.
The det eri or at We96[31574 partlcularly significant when they arRCTSEMWI®E(
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Unexam ned Publication “ﬁhm@ﬂmﬁééﬁég 3m§) are discl osed adhesi ves

-containing acrylic resins pol yi socyanates and i norganic
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reactive rubber-epoxy resin adhesives are adhesive conpositions

di s

3-181580 (1991),
‘groups, hydr oxyl

anese Patent Application Unexam ned Publication No_

whi ch conprise 30 acrylic rubbers having carboxylic
groups or epoxy groups, al kyl phenols, epoxy resins

and i mdazol i uWWO9BIST4 nel litate as an cure accel erator, and aPCTIRI6K09%
bond base filmof flexible printed wring boards with copper foil
In these adhesive conpositions, the carboxyl group-containing 35 acrylic

rubbers, the hydrgz ngfoup-containin
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£an a| hpg acrylic rubbers are used

4 rubbers and the epo ro g
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epoxy group-containing acrylic rubber adhesive conpositions 15 conposed

mai nly of epoxy group-containing acrylic rubbers. The_above -
jadhesi ves di scl osed in Japanese. Patent Appl i cati on Unexam ned
‘Publication Nos. 3-181580, 7-76679 and 7-173449 are not applicable for
sem conduct or - wasese8749 W ring boards, such as PGA or BGA RCIIPeQ039s
‘because they are 20 insufficient in noisture resistance, heat resistance
.and adhesi on strength at high tenperattiires and, in a noistened

state, considerably deteriorated in properties, particularly when

subj ected to noi 5%‘%&@§i‘§tﬁbdeotests under severe condi tions, such as
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30 The increase of the ratio of the high-nol ecul ar wei ght conponents,

however, inevitably decreases._the ratio of the l.ow mol ecular--wei-ght
conponent s having good flowability, to decrease the flowability of the
adhesi ves. These adhesives, even with a low flowability, are applicable
wi t hout practi cwo®B1s™roubles in flexible wiring boards, but VRCIWPHRIIN or
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produci ng sem conduct or - packagi ng wi ri ng boards, such as PGA or BGA
_packages. they cannot contribute properties enaugh for . —practi-catl—uses. -
That is, the requirenents of sem conductor package-mounti ng wiring

| boar ds for flatness of board 5 surfaces, circuit filling and adhesi on of
'adhesi ves wi t h'WO%MESIAr d surfaces bearing bl ackened or et ched BGHBENI0PSR |
are too strict for these conventional ;gdhesi ves of poor flowability
to satisfy any one of the requirenents for fl at ness, CIrCUIt filling

and adhesion 10 esmb AT oy ST AN AR KRR B L 8 o
becors very | mpot Kt bik Toha s IR A E R 5 YR i,
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of acrylic rubbers are dame(sh¢evnaslnae pladedr e resi st ance, and are

revealed to be deteriorate
noi stening treatnment at 12

-density. Adhesive sheets

s particularly by —a PCT .
their low cross- 20 |inking
rom

ose with the greater ratio of

‘epoxy resins am9¥3sMl e and tacky due to | ow strength, | REFIPSGHITIY |ty
and hi gh tackiness, and are difficult to handl e. Another problemis
such a poor cracklng resi stance t hat tﬁey crack on curing. 25 In

t he net hods of proguc\lﬁré sem conduct or - packagi
PGA or BGA package

sheets cured to B- ille f.or Lle oL
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the circuits formed in t This Bheei RgBRARESISM t hout | eavi ng voi ds.

Convent i onal adhesi ves be bIe on | ami nation_as the epoxy
resin content increases,

he troubl es of exudation into

‘cavities or |VH, |nterlan1nar 6
connection faiwosesBme to t he adhesi ves which cover the C PCTIPSshoTogr ned

in the holes, and a decrease of interlaniﬂgr
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I nsul ati on di stance due to the decreased thickness of I nsul ation | ayers
formed fromthe adhesives. As the acrylic 5 rubber content increases,

circuit filling properties =~ decrease. Therefore, it has been difficult
'to satisfy both the requirenents for the control of exudation due to
flowability (cewddephsiaf flowability) and the circuit filling PCT/JPIGWTeR i es
(i mprovenent of flowability). 10 As descri bed above, there have been
provi ded no adhesi ves sati sfying t he™nfi Sture resistance, heat
resi stance, adhesive strength at high tenperatures, proper flowability
and circuit fill i iMlEMe bicfitEd P = RB|NBEGEFZ /W ddTiniIFTFRIKE
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An object of the present invention is to provide an adhesi ve whi ch
satisfies the noisture resistance, heat 20 resistance adhesive strength at
thi gh tenperature and el ectrolytic corrosion resistance required of
'adhesi ves to be used in nmultilayer printed wiring boards or

sem conduct or - WO 963834k agi ng wi ri ng boards, such as PGA or BGPGRAPRGESE | s
wel | resistive particularly to tests f{por noisture resistance under 25

severe conditions, such as PCT (pressure cooker .test), is excellent in
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I nconpatible with the epoxy resin, and have conpleted the 35 present
7

i nventi on. . . - That is, the
present invention provides an adhesive produced by preparing a varnish
iof a conposition dissolved in a solvent and heating the conposition to

dry, the conposwoi®sis?4 conprising (1) 100 parts by wei ght of PET/AIP96/00758
conbi nation of an 5 epoxy resin having a_ngght aver age nol ecul ar wei ght of

| ess

10

15

25

K2z h—HASRNONUC A—187&@ALAL 0. 5ERE. I
T UBRERELTT v FEVERTARMLAY HEABRLFELIERASERND
IXE600%2fALEL) 2ERE>SHIEABRMI. S FNZFNT b
15 0ERBEMA, E-XINVTRAEL. Sl AFLIFNT Y 30E
BEEMA THELAEL. BEERSA L.
Bohho=2%, BT 0 umoBEABRIIFLIFLIZVL—+T 4
WALLEIZBRHEL, 110CT1 57MN#AERL T, REX80 umOBXF—
PHRBORIRETER LIRER 7 « VLA EEBIL I,

KRR 2

7 7% BiEE. BROINVEF O NVEEET7 7V bYLTyox o,
L (ERTFH5rFER400, 000, BFEERITLEAIUROPNR -1 24
RULE) CEFELAEM, EREF L LRABICLTERES 7+ LLAEZENL
2o

K 3

T/ 32 0BEREICEEL, EBAZ ERLANVEF I NEEET
790 bYATs O IdL2 0ERBENA. TRFEEHFT7IVNTL
EREWRT 7Y NI L (FELFEERXESHMNOHTR-860) 4 0ERE
ICEE L3N, Eilithl CRBRICLTHRREE 7 « VLAEERLE,

SZhtit 4 |
HERR A 4 CIRERERVEWENME, AL LRABICUTEREE 7 1 VA

ML,

HEs 1
T2 )2 SBIEEROEOENE, EHR 1 RIS LTRRER T« VL%

ERLL 72,



than 5,000 and a curing agent, (2) 10 to 40 parts by wei ght of a
FonpaLLhLe_thh-nDlecular weight conponent selected from the group
iconsi sting of a phenoxy resin, a carboxyl group- containing acrylic
hubber, a carboxyl group-containing 10 acrylonitrile-butadi ene rubber,
each having a Wags7dver age nol ecul ar wei ght of 30, 000 orPCIIPYA0798

hi gh- nol ecul ar wei ght epoxy resin havi a wei ght average nol ecul ar

wei ght of 30,000 to 80,000 and an uITﬂgghigh-nDIecular wei ght epoxy
resin having a meig&% average nol ecul ar wei ght of nore than 15 80, 000, (3)
20 to 100 parts by t of an inconpatible ~ hi gh-nol ecul ar wei ght

and oo ng sl eotoo=rE 830 4P Bonct BREF ol Mo il U i
gr oup- cont ai ni ”9?9F¥}Uﬁﬂpgt9bber’ an epoxy group-contai ni ng
a

acrylonitril e-bufadi ene ubb®r, an epoxy group-contai ni ng pol ybutyl ene
rubber and an epoxy group-containi ng pol ybutadi ene, and (4) 0.1 to 5
parts
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by wei ght of a cure accel erator. The present invention further
provi des an adhesive film. produced by form ng a.layer of the above
adhesive on a base 25 film and an adhesi ve-backed netal foil produced by
formng a | ayer of the above adhesive on a netal foil. BEST MODE
FOR CARRYI NG OUWOS6B15™M\ENTI ON The epoxy resin to be UMTAFGOHE
present invention may 30 be any one which gaxhibits adhering action on
curi ng, particularly one being difuncti‘Onal and havi ng a wei ght
average nol ecul ar wei ght of |less than 5,000, preferably |ess t han
3,000. To inprove the flowability at the tinme of | am nati on, bi sphenol
A or bisphenol F |iquid epoxy resins 35 ihzlaw ng a wei ght average nol ecul ar

melght of less than_500 are
it o 4]
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8 - particularly desirable.. Exanples of bisphenol A or bisphenol

I|qU|d epoxy resins having _a wei ght _average nolecul ar.

weight of less

F

than 500 are EPI KOTE 807, EPI KOTE 827 and EPI KOTE 828 (trade nanes)
‘mar ket ed by Yuka Shell Epoxy Co., 5 Ltd., D.E.R 330, D.E.R 331 and D.E.R
361 (trade narvee Y631s74 nar ket ed by Dow Chem cal Japan Co., Lt dPCT/ 3960078 128

‘and YDF

170 (trade nanes) narketed by Tohto Kasei Co., Ltd.

i ncrease Tg, polyfunctional epoxy resing ot tri-
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functionality or nore, such as phenol novol ac epoxy resins 10 and cresol
novol ac epoxy resins, may be used as a part of the . ep

t hese pol yfunctional epoxy resins are used, they are preferably 10 to
50 % by wei ght based on the total of the difunctional epoxy resins and
t he pol yfuncti o/W@9/31574cpoxy resins. 15 Exanpl es of phenoPCTrireehores
epoxy resins are EPPN 201 (trade nane),,marketed by N ppon Kayaku Co.,
Ltd., and exanpl es of cresol novol ac e€poxy resins are ESCN- 001 and

T2, EOON 1026 ﬁ?@a&‘ﬁ%‘éﬁf R B, (BB TEEA R 50 01015 OFF p AL
epoxy resins my SEHRY 2°FRc YRR BEN LN 2 e
bl o ac el AT RESE P S W BUHS 7 ) S RA AN ER 1,
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25 boron trifluoride and conpounds haV|ng two or nore phenolic

hydr oxyl groups per nol ecu enol A, bi sphenol E _and
bi sphenol S. Phenol novol ac iﬂ]'ﬁl J nol novol ac resins and cresol
.hovol ac resins are particul because of their excellent

el ectrol yti c cW968154 resi st ance 30 on noisture absorption. PCTHRO078Si NS
preferably have a wei ght aver age nqlggglar wei ght of 500 to 2, 000,

particularly 700 to 1, 400. anpl es of the above particularly
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9 VHA170 (trade names) narketed by Dainippon Ink & Chemi cals, I nc.
The preferred anmount of curing agents is such that_the .adh33h¥e
contains 0.8 to 1.2 noles, preferably 0.95 to 1.05 5 noles of groups
reactive with epoxy groups per nole of epoxy groups contained in the
adhesi ve. WO%BISM erred cure accelerators are im dazol es. PEXAPRS08798 of
I m dazol es are 2-nethylim dazol e, 2-ethylad-nethylim dazol e,

1- cyanoet hyl - 2- phenyl i m dazol e and 1-cyanoet hyl -2- 10 phenylim dazolium
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Kogy Ltd. Be&l&eﬁ&gh- nol ecul ar wei ght conponent to
be

____used_ln t he present erablLy has a wei ght_average
re preferably 45,000 to
| e adhesive cured to B- st age and

ol ecul ar wei ght of 30, 000
200, 000, to reduce the tac

to inprove thewoosdisial ity after curing. H gh- nmol ecul ar VIBCTARIG/B0798 Y
resins which may be used have a weight 20 _average mol ecul ar wei ght of
30, 000 to 80, 000, uItra hi gh- nol ecTl®&r™ wei ght epoxy resins which may
be used have a wei aver age nol ecul ar wei ght of nore than 80, 000,
preferably dﬁﬂi!}@‘o‘; 000. Exanpl es of phenoxy resins are

PHENOTOHTO YP-4%¢Eﬁ§ ggNOTCHTO YP-50_and PHENQIOHTO_YP- 60 (trade nanes)
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aver age nol ecul ar wei ght 'ﬂﬁssmétﬂastmpk gc 00 can be produced 30 by the
met hods di scl osed in the s U S. Patent Nos 5 391 687,
5,225,268 and 5, 304, 399. mm ﬁ reactive rubber contai ni ng
Junctlonal groups of high po e a carboxyl group-containing
acryl oni tril e- bWossi3ts1é rubber (trade nane: PNR-1) narket e PQIYIPIcN298
Synthetic Rubber 35 Co., Ltd. and a car_b%q_/_l gr oup- cont ai ni ng
acrylonitrile- 10
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but adi ene rubber (trade naﬁglssmgggﬁg Mcedrar ket ed by N ppon Zeon Co.

Ltd. An exanple of the carb al ning —— acrylicrubbers—is-.
HTR- 860P (trade nane) narket ﬂwm Kagaku Sangyo Co., Ltd. 5
The anmount of the conpatibl e r wei ght corrponent is 10 to
140 parts by weWg931§idef erably 20 to 30 parts by weight, RETIPINOIE ¢t s
by weight of the total of the - epoxy._ %gi n and the curing agent. If the
anount of the high- nol ecul ar wei ght “conponent is |l ess than 10 parts by
wei ght, 10 the f the co in e epo

resin (herei naf%@ﬁ< %ﬂfé%ﬁ'\@?er‘?%ﬁi s%@%ﬁg’ji%%&g&; %

I nsufficient, ?ﬁgsul ation may decrease due to | oner ed t acki ness or
;cracks If it | ® than 40 parts by wei ght the Tg of the epoxy

resin Phase MeYy CRGEAFSS M1 3~1 8. HEHO. 1 0OEEMT -2 EMT, Kl
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The preferred anong the above various inconpatible high- nmol ecul ar

wei ght conponents are epoxy-group-.cont ai ni ng acrylic rubbers;

particul arly epoxy group-containing acrylic rubbers which are
Eopolynerization products of (a) 18 to 40 % 5 by weight of acrylonitril-e,
(b) 2 to 6 % byWRR6Gm§74of glycidyl acrylate or glycidyl netBEPISHTIN a5

a functi onal group-cont ai ni ng nononmer gnd (c) 54 to 80 % by weight of
ethyl acrylate, ethyl nmethacrylate, butyl acrylate or butyl
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met hacryl ate, and haveu UHHHIIJU'IH”"L;n tenperature.of - 10 10[err]C or
hi gher _and a wei ght av ight _aof 800, 000—or—above— such

as HTR-860P-3 (trade narre) mar két ed by Tei koku Kagaku Sangyo Co., Ltd.
O her functional group- cont ai ni ng nmononers, for exanple carboxylic
acid types, sWO®631574as acrylic acid, or hydroxyl group typePCTN20038 15
hydroxynmet hyl acrylate or hydroxynethyl jpethacrylate, are undesirable
since they accel erate cross-1inking, to“ause gel ati onpf stShXe"E‘ﬁ&' aéeg
decrease the adhesive strength due to increased cure de

state. dAycidyl acrylate and FyKdP #WtHcryiate-to b ﬁl‘&ﬁ
functional group- 20 containing nononers may be used |nd|V|

conbi nation, in a copolynerization ratio (when used in corrbl nation, the
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met hacryl ate is |less than Zm,mum"mlmm Ilesi ve strength N eer.lR .
insufficient, and if it is wei ght , gel a I ﬂ“m | .
I

occur. Ethyl acrylate, ethyl *mefhacry at’e, * butyl acryl at

met hacryl ate may be used individually or in conbination or two or nore,
and the copHOMBF4ati on rati o (when used in conbination, tREIAPI00798
12 total copolynerization ratio) is_g¢g.to 80 %by weight and is
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sel ected considering the Tg opolyners | f the Tg is
|l ower_than -10[err] C, adhes I dﬂ“ﬂ becanes tao tacky
to handle. Therefore, the olyners is 10[ err] C or higher,

preferably -10[err]C to 30[err]C. The pol ynmeri zati on may be perforned,
or exanpl e, bWOR6E1I§4 pol ymeri zation or enul sion pol ymeri 2avspes/00798
The content of polynerized acrylonitrilesin the epoxy gr oup- cont ai ni ng
acrylic rubbers is 18 to 40 % by meight f 10 it is less than 18 % by

wei ght, the adhesjve,my becone p in solvent resistance and be
attacked by sol \’}é#tgﬁ PoY PMeditmg ”’V*WRV%%%% 2 Jrkl Vi A # & mofl.t han
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The reasoh_ié that those h

' ; erage nol ecul ar wei ght of
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14 adsorption of ionic inpurities. Considering effects,
resi stance and cost, the content of inorganic ion-adsorbents
preferably 0.5 to 10 parts by weight, nore preferably 2 to
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7 parts by
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5 iragnesi um carbonate, calciumsilicate, magnesiumsilicate,

oxi de, magnesium oxide, alumna, crystalline silica and an@ﬂ;@lﬁlaq:ﬁ 13. 08

silica are desirable. To i ncrease surface hardness, alunna short
fi ber and al um num bor ate whi sker are 2desirable. 10 "The adhesi ve
filmof the present invention can be produced by coating a base film

with a varnish %Fﬂ@mﬁméiﬁ\to EORGERN §mﬁjt9he RdlRer et 3SOlVemfFc

di spersed in a sol vent, renoving the solvent by heating, to forman
adhesi ve | aysL, &Y the base film Base filnms which may be used are 15
plastic films, such as pol ytetrafluoroethylene fil ns,

pol yet hyl énet er epsEHisi] 8t.e SR, 2rellefs B B~ 1 2 DEEH 7 = X AT, &
pol yet hyl eneterephthal ate filns, polyethylene filns, pol ypr opyl ene
films, pol ynet hjlfkaizda 10 B Lah@EEHE bidde? ) 7 Lins: L The lase 7 il AnZ@yft
be peeled of f before application to 20 apply only the adhesive |aye
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appl i ed Logm adhesi ve I ayer Exarrpl es of HoAE:FEAF 18,08,¢
avai |l abl e |ch . may be used in the present invention are
KAPTON ( ‘&‘a g@“{\“\‘r‘ﬁ‘ produced by Toray Du Pont Co., Ltd.) and APl CAL

(trade n producéd by Kanegaf uchi— &hemi cal Industry Co., Ltd.) which
;are pon|n1de films, and LUM LAR (trade nane, produced by Toray Du
‘Pont Co., Ltd.) and PULEX (trade nage, sor gslugged prY Teijin Ltd.) which

are polyethyleneterephthalate filns. The adhesive of the present

i nvention may al so be 30 applied to netal foil, such as copper foil or
al um num foil, as an alternative base filn1 to form an adhesi ve-backed
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pIJat es or steet—ptares by screen printing or application. PCT/JP 0798
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sirfaces. 5 lmmve ‘of the present invention may al 8838 D0798
as resist bﬂmmﬂmﬁ“m predeterm ned areas of circuit- patt er ned
surfaces of wi risng* boar ds. Sol vents which ar Hi-abl e farng
‘the preparation of the varni sh of tRe3ladhesive of the pr ege%ﬁi&%mfgn"&%
are solvents 10 having a relatively | ow boiling point, such as nethyl
et hyl ket ong, 4 acetipres etk 13 obhty U Yer o1 T & koA SGu M O 5
t ol uene, butyl cellosolve, nethanol, ethanol and 2- nmet hoxyet hanol .
Sol vent s havi ng&fai gh boiling points may be added to inprove coating
quality. Exanples of solvents 15 having high boiling points are
di nmet hyl acet am de, di met hyl f or manm de, net hyl pyrrolidone and
cycl ohexanone. The varni sh is prepared preferably by kneadin? '
‘usi ng, for &x@npl QRS R MBEFNQ. dbi+ i a@ﬁrﬂﬁé;ﬁﬁé@éu Sk g 1 150
‘beads m 1|, or a combination of two or nore. Also the mxing
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ime can be red jii ng hi gh-nol ecul ar wei ght mattersPC /“'a %/0019’

flllers a I I m)l ecul ar wei ght matters. The v Jl.t,l;u_us
pgepared | ’mlml &m“ um degasified o renove the bub@lt’{‘n wraty 13,039
i ncorporated in the varnish. The®%dhesi ve fil m and adhesi ve- backed

‘metal foil of the 25 present invention, in general, are produced by
applying'the 2 adhaggmgyar BsRUEDh ~b8se 1f 0 g, Osuﬁnaﬁbﬁﬁﬁoﬁ‘ﬁﬂogéﬁ
above-descri bed plastic filnms or nmetal foils, followed by renoval of

sol vent s byEdE ' KIE B, LI odith, 248 AHE2SEHG with heat is preferably
carried out until the dried adhesive has generated a heat of 30 10 to 40 %
of a total calorific value which is generated by a conpl ete curing of

t he adhesi ve and neasured by DSC (differential scanning calorinetry).
During the heating for removi ng solvents, the curing and gel ati on of

t he adhesive conposition proceed. Since the degree of cure affects the
35 flowabilaty of the adhesive, it is controlled to adjust the
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18 . .. exudation and circuit filling of the adhesive appropriately.

DSG i s based on the principle of the null method wherein heat I s added
or taken away to al ways cancel the tenperature di fference between a
sanple froma standard nmaterial which 5 dogs not cause exotherm or
endothermw thin the range of measuring tenperature, and may be
performed by using commerci al ly avail abl e neasuring apparatuses. The

reaction SPECIFICATION
ADHESIVE, ADHESIVE FILM AND ADHESIVE-BACKED METAL FOIL

5 TECHNICAL FIELD
The present invention relates to an insulating
adhesive, an adhesive film and an adhesive-backed metal foil,

which are useful for printed wiring boards.

10 BACKGROUND ART
Recent advancement of electronic instruments has been
accompanied by increasingly strict requirements of wiring
boards for packagihg semiconductor (hereinafter, will be
referred to as semiconductor-packaging wiring boards), such
15 as PGA (pin grid array) or BGA (ball grid array) packages,
for high wiring density, moisture resistance and heat
resistance. Also, the heat generated per unit area has been
increased due to increasing electronic component mounting
density and increasing integration of semiconductor devices,
20 requiring efficient heat dissipation from the semiconductor-
packaging wiring boards. Common means for accelerating the
dissipation of heat generated by electronic components
mounted on semiconductor-packaging wiring boards are the use"
of wiring boards which . are comboSed of a metal plate bonded
25 with copper foil by insulating adhesives, or printed wiring
boards bonded to radiation plates of high heat conductivity,
such as aluminum plates, copper plates or steel plates.
To meet these reduirements, these wiring boards require
complicated shape-processing, such as multilayering,
30 formation of cavities or installation of radiation plates.
Bonding materials commonly used to produce
semiconductoerackaging multilayer wiring boards or to bond
radiation plates are glass cloth-epoxy resin prepregs
containing glass fibers base materials, and rubber-epoxy
35 resin adhesives. When radiation plates are bonded with



of the resin conpositions is an exotherm c reaction, and when a sanple
Is heated.at a uniformrate of heating, the sanple 10 reacts to generate
heat+ From a chart of the generated heat made by DSC, the calorific

val uesgenerated by the sanpl e, nanely the area which is surrounded by

t he exot herm curve and the base line of the standard material, is
obt ai ned. The _measurenent of the calorific value is carried out by 15

i ncreasi ng t heSemiperdugker rPackagbng t €hpbrg heards byopeingglass cl@thyte

of heating of épagél,@égiﬁ]&gpfega hléhém@ﬁﬁﬁgeﬂéafa@ £End toPRAFS' §BIForm
easily by usin anal yzers by whi ch these procedures are performed

aut omatical | y. Cﬁﬁe(ﬁ@aﬂugbhﬁeakﬁﬁdlc FbyamﬂnﬁﬂheSthCEu¢¢ﬂ§rt@@edt9|ng
obtai ned as f Gt oRbE Bofhel MoRa PR S Il EAge GRHE e biasd
vacuum dryeér tﬁlbersoandlneaiBan@h@.WMMdholstumw gsoxrption, Thecomeawoor in
calorific Y81 HErfhIhddt 9R0SE AL §HcLYal § % PEUPLS1 Y B14 NES-PESRSH ©U-
resistance. Further, the use of glass cloth-epoxy resin
prepregs in the production of wiring boards requiring
complicated shape-processing, such as formation of cavities

10 or installation of radiation plates, causes the disadvantage
that epoxy resin powder is scattered during drilling to coat
connecting surfaces, caﬁsing connecting error in wire
bonding, or the resin flows in large quantities and even into
cavities by the heat and pressure applied during lamination,

15 so that the cavities lose necessary spaces}

Rubbér—epoxy resin adhesives are mixtures of epoxy
resins with various rubbers coﬁponents; such as acrylic
rubbers or acrylonitrile-butadiene rubbers, which are added
to improve the adhesives in strength, flexibiiity and

20 adhesion. Because of their relative excellency in
properties, such as electrical properties, heat resistance
and solvent resistance, these conventional acrylic rubber-
containing adhesives have been used in the production of
flexible boards. _

25 Typical examples of acrylic rubber-containing adhesives
are adhesive sheets made of mixtures 6f acrylic rubber with
thermosetting resins, such as epoxy resins, which, however,
exhibit insufficient properties at high temperatures due to
the low epoxy resin content of about 30 % by weight.

30 Further, these adhesives composed mainly of acrylic rubbers
have the defects that though the loss of adhesion strength
after a long term treatment at high temperatures is
relatively small; the adhesion strength at high temperatures
is poor, and that the properties, such as heat resistance and

35 electric properties, are considerably deteriorated on



Subsequently, the calorific value B of another sanple which 25 has been
dried after application is neasured. The degree of cure C (% of the
latter sanple, which has gener at ed sone ~heat by the drying after the
appl i‘cation, is obtained using the foll gwi ng equati on. 30 C((»
= (A-B) x 100/ A The epoxy resin base adhesive of the present

I nvention Is characterized in that the epoxy resin occupies a |arge
portion of themobsthrefabserppbioy. r Adhesives heompeRI/d a3 bnty 3t

high'nnleCUlara@@&ﬂgﬁiffﬁﬁgwfﬁ%adféﬁg'f@b@&r§9&§¥eg%ﬁémhefect that the loss

of adhesion strength after a long term treatment at high
temperatures is considerable and they are inferior in
5 electrical corrosion resistance. The deterioration is

particularly significant when they are subjected to tests for

moisture resistance under fodafs severe conditions to which
electronic instruments are ekposed, such as PCT (pressure
cooker test) treatments.

10 As adhesives improved in theléoldering resistance after
moisture absorption, in Japanese Patent Application
Unexamined Publication No. 60-243180 (1985) are disclosed
adhesives containing acrylic resins, epoxy resins,
polyisocyanates and inorganic fillers, in Japanese Patent

15 Application Unexamined Publication No. 61-138680 are
disclosed adhesives containing acrylic resins, epoxy resins,
compounds having urethane bonds in molecule and primary
amines at both ends. These adhesives, however, are

unsatisfactory since they are considerably deteriorated when

20 subjected to tests for moisture resistance under today’s
severe donditipns to which electronic instruments are
exposed, such as PCT.

Rubberéepoxy resin adhesives improved in adhesion at
high temperatures are mixtures of reactive rubber components,

25 such as reactive acrylic rubbers or reactive acrylonitrile-
butadiéne rubbers, with epoxy resins. Examples of such
reactive rubber-epoxy resin adhesives are adhesive
compositioné disclosed in Japanese Patent Application
Unexamined Publication No. 3-181580 (1991), which comprise

30 acrylic rubbers having carboxylic groups, hydroxyl groups or
epoxy groups, alkyl'phenols, epoxy resins and imidazolium
trimellitate as. an cure accelerator, and are used to bond
base film of flexible printed wiring boards with copper foil.
In these adheéive compositions, the carboxyl group-containing

35 acrylic rubbers, the hydroxyl group-containing acry;ic



19 ,.cont ai ni ng acryllc rubber Si nce cured epoxy resins have

relatlveLy hi gh Tg and good noi sture resistance, the increase in the

rati.@ of epoxy resins inproves noisture resistance and heat resi stance.

The pt.obl ens of handling, such as the 5 degreases of filmstrength and

flexibility and the increase of tackiness, which have been inevitable
for conventi onal adhesi ve sheets, are solved by the follow ng met hods.

1) Mbisture resubbamseand itiner epoaybgroupngoniteinpngy acryliesirubhershareai n

conmponent . used individually, and compositions containing two or more of
them are not disciosed.

As adhesive compositions improved in adhesion to shiny

5 side of copper foil and in heat resistance, in Japanese
Patent Application Unexamined Publication No. 7-76679 (1995)
are disclosed adhesive compositions which are used in sheet
heaters having resistance circuits and comprise 60 to 80
parts by weight of epoxy group-containing acryliélrubbers, 8

10 to 20 parts by weight of alkyl pheénols, 8 to 20 barts by
weight of epoxy resins and 0.2 to 1.0 parts by weight of
imidazole curing agents, and in Japanese Patent Application
Unexamined Publication No. 7-173449 (1995) are disclosed
epoxy group-containing acrylic rubber adhesive compositions

15 composed mainly of epoxy group-containing acrylic rubbers.

The above adhesives disclosed in Japanese Patent
Application Unexamined Publication Nos. 3-181580, 7-76679 and
7-173449 are not applicable for semiconductor-packaging
wiring boards, such as PGA or BGA packages, because they are

20 insufficient in moisture resistance, heat resistance and
adhesion strength at high temperatures and, in a moistened
state, considerably deteriorated in properties, particularly
when subjected to moistufe resistance tests under severe
conditions, such as PCT treatments.

25 Additionally, these édhesives need a large ratio of
high-molecular weight components contributing flexibility
because as the ratio of low-molecular weight components, such’
as epoxy resins, increases, the degree of cross-linking
increases and lowers the flexibility bf film made therefrom.

30 The increase of the ratio of the high—molecular'weight
components, however, inevitably decreases the ratio of the
low-molecular welight components having good flowability, to
decrease the flowability of the adhesives. These adhesives,
even with a low flowability, are applicable without practical

35 troubles in flexible wiring boards, but when used for



10 .. 2) The filmstrength and flexibility of the adhesive filmare
ensured by adding, even in a small amount, the I nconpati bl e ,

hi gh- ol ecul ar wei ght conponent bei ng i nconpatible with the epoxy resin
and havi ng a great nol ecul ar wei ght, pa%tlcularly an epoxy
group-containing 15 acrylic rubber. 3) Tackiness is reduced by
addi ng the conpati bl e high- nol ecul ar wei ght conponent and having a

wei ght aver ageprodugbhgcaknicepfiyhtonf rackegdngr wipdng. boards, sugh as PGA

Partioularly. BUCRBROSACALONE, CORkg' BlfoBCEXh G RAxe" HPBBE-HERE biGHoALRYP

endows the adhesiv ectri ren yt|c corr oSi on
resi st ance. practicgl Bpeaddlwgatnmsganhe requérsmenaskpﬁe-emgaqn@uctor

et oeor s’ SPARRAORERPBES YRRk bORERR" RA-"FRURRAE o BERAEC

I ncrease ofst hegugffasysy, estiircadnt €allingeandl addesion of adhesives with
board surfaces bearing blackened or etched copper foil are
too strict for these conventional adhesives of poor
flowability to satisfy any one of the requirements for
flatness, circuit filling and adhesion.

10 Further, with the recent increases of the integration
and wiring density in IC in PGA and BGA packages, which are
more significant than in common wiring boards, heat
management has become very important, but there have been no
adhesive films designed for heat dissipation.

15 Among conventional adhesives which are mixtures of
acrylic rubber and epoxy resin, those with the greater ratio
of acrylic rubbers are defective in moisture resistance, and

are revealed to be deterioratéd in properties particularly by

a PCT moistening treatment at 121°C que to their low cross-

20 linking density; Adhesive sheets formed from those with the

| greater ratio of epoxy resins are fragile and tacky due to
low strength,.low flexibility and high tackiness, and are
difficult to handle. Another problem is such a poor cracking
resistance that they crack on curing. ,

25 . In the methods of producing semiconductor-packaging
wiring boards, such as'PGA or BGA packages, wherein
lamination is carried out after adhesive sheets cured to B-
stage are drilled to form cavities or IVH (Interstitial Via
Hall), it is necessary to reduce the outflow of resins from

30 the drilled edges at the time of lamination with heat and
pressure. The resins, however, need some flowability to bury
the circuits formed in the wiring boards without leaving
voids. Conventional adhesives become more flowable on
lamination as the epoxy resin content increases, and cause

35 the troubles of exudation into cavities or IVH, interlaminar



as follows by using the above-described epoxy group- containing acrylic
rubber as_ the high-nolecul ar wei ght conponent being inconpatible with

t he,epoxy resin. In this invention, the epoxy resin and the
conpat.i bl e 30 high-nol ecul ar wei ght conponent form a uniform phase, and by
usi ng the epoxy group-containing acrylic rugber as the I nconpati bl e

hi gh- nol ecul ar wei ght conponent, the epoxy groups contained in-the
epoxy group- coobanechjjoncfgilureudverto thpaadhesives cwichi cavenebthey t he

o " b oBhpohft&HBEndd 188 hofb8?%aht k! 8cPEHsEbR" LAPer thhinar
insulation distance due to the decreased thickness of
insulation layers formed from the adhesives. As the acrylic

5 rubber content increases, circuit filling properties
decrease. Therefore, it has been difficult to satisfy both
the requirements for the control of exudation due to
flowability (control of flowability) and the circuit filling
properties (improvement of flowability).

10 As described above, there have been provided no
adhesives satisfying the moisture resistance, heat
resistance, adhesive strength at high temperatures, proper
flowability and circuit filling that are requilred of
adhesives used in semiconductor-packaging wiring boards, such

15 as PGA or BGA packages.

DISCLOSURE OF INVENTION
An object of the.present invention is to provide an
adhesive which satisfies the moisture resistance, heat

20 resistance, adhesive strength at high temperature and
electrolytic corrosion resistance required of adhesives to be
used in multilayer printed wiring boards or semiconductor-
packaging wiring boards, such as PGA or BGA packages, is well

_ resistive particularly to tests for moisture resistance under

25 severe conditions, such as PCT (pressure cooker test), is
excellent in tight adhesioh, and has a proper flowability,
which gives excellent circuit filling and reconciles
contribution of flowability and improvement of
processability.

30 We found that the above probiems can be solved by
blending a relatively low-molecular weight epoxy resin'with
specific ratios of high-mblecular weight component compatible

"with the epoxy resin and a high-molecular weight ¢omponent
incompatible with the epoxy resin, and have compléted the

35 present invention.



flowability. In spite of the overall gelation, the
unreact ed epoxy resin remaining in the gel 7 exudes fro
pressing, to prevent decreases of adhesion and circuit f||||ng

When the adhesive is dried, both the epoxy groups contained in the
epoxy group-cont ai rﬂ'h@tai;$ylt1@e rmn‘antnventim proxidessan adkesiveut
t he epoxy grou n C : i ght
and many epoxygg'ﬁlg%%gigé 912 i I:L? %Eg'i?énliﬁ%/ oég%ﬂ%vlg%?& %f‘a ! 9

reacti on procespexy resimn yhavimgt&eweiﬂimbrewemga hmwlalan_m@mm sofihtess
heat of
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than 5,000 and a curing agent, (2) 10 to 40 pafts by weight
5 of a high-molecular weight component being compatible with
the epoxy resin and having a weight average molecular weight
of 30,000 or above, (3) 20 to 100 parts by weight of a high-
molecular weight component being incompatible with the epoxy
resin and having a Weight average molecular weight of 30,000
10 or above, and (4) 0.1 to 5 parts by weight of a cure
accelerator.
The present invention further provides an adhesive film
produced by forming a layer of the above adhesive on a base
film, and an adhesive-backed metal foil produced by forming a

15 layer of the above adhesive on a metal foil.

BEST MODE FOR CARRYING OUT THE INVENTION
The epoxy resin to be used in the present invention may
be any one which exhibits adhering action on curing,

20 partiéularly one being difunctional and having a weight
average molecular weight of less than 5{000, preferably less
than 3,000. To improve the flowability at the time of
lamination, bisphenol A or bisphenol F liquid epoxy resins
having a weight average molecular weight of less than 500 are

25 particularly desirable. Examples of bisphenol A or bisphenol
F ligquid epoxy resins having a'weight average moledular
weight of less than 500 are EPIKOTE 807, EPIKOTE 827 and
EPIKOTE 828 (trade names) marketed by Yuka Shell Epoxy Co.,
Ltd., D.E.R. 330, D.E.R. 331 and D.E.R. 361 (trade names)

30 marketed by Dow Chemical Japan'Co., Ltd., and YD 128 and YDF
170 (trade names) marketed by Tohto Kasei Co., Ltd.

To increase Tg, polyfunctional epoxy resins of tri-
functionality or more, such as phenol novolac epoxy resins
and cresol novolac epoxy resins, may be used as a part of the

35 epoxy resin. When these polyfunctional epoxy resins are

ep\aced
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little amount of .
examples of cresol novolac epoxy resins are ESCN-001 and

ESCN-195 (trade names) marketed by Sumitomo Chemical Co.,
Ltd. and EOCN 1012, EOCN 1025 and EOCN 1027 (trade names)
marketed by Nippon Kayaku Co., Ltd.

10 Curing agents conventionally‘used as curing agents for
epoxy resins may be used in the present invention as the
curing égent for the epoxy resin, and examples of the. curing
agents are amines, polyamides, acid anhydrides, polysulfides,
boron trifluoride and compounds having two or more phenolic

15 hydroxyl dgroups per molecule, such as bisphehol A, bisphenol
F and bisphenol S. Phenol novolac resins, bisphenol novolac
resins and cresol no#olac resins are particularly preferable
because of their excellent electrolytic corrosion resistance
on moisture absorption. These resins preferably have a

20 weight average molecular weight of 500 to 2,000, particularly
700 to 1,400. '

Examples of the above particularly preferable curing
agents are PHENORITE LF 2882, PHENORITE LF 2822, PHENORITE
TD-2090, PHENORITE TD-2149, PHENORITE VH4150 and PHENORITE

25 VH4170 (trade names).marketed by Dainippon Ink & Chemicals,
Inc.

The preferred amount of curing agents is such that the
adhesive contains 0.8 to 1.2 moles, preferably 0.95 to 1.05
moles of groups reactive with epoxy groups per mole of epoxy

30 groups contained in the adhesive.

' Preferred cﬁre acgelerators are imidazoles. Examples of
imidazoles are 2-methylimidazole, 2-ethyl-4-methylimidazole,
1-cyanoethyl-2-phenylimidazole and l-cyanoethyl-2-
phenylimidazolium trimellitate..
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Examples of commercially available imidazoles are 2E4MZ,
2P%-CN and 2PZ-CNS (trade names) marketed by Shikoku Kasei
Kogyo Co., Lta.

'Examples of high-molecular weight resins being
compatible with the epoxy resin and having a weight average
molecular weight of 30,000 or above are phenoxy resins, high-
molecular weight epoxy resins, ultra high—molecular weight
epoxy resins, rubbers containing functional groups of high
polarity and reactive rubbers containing functional groups of
high polarity. To reduce the tackiness of the adhesive cured
to B-stage and to improve the flexibility after curing, the
weight average molecular weight should be 30,000 or above,
preferably 30,000 to 300,000, more preferably 45,000 to
200,000. Suitable high-molecular weight epoxy resins have a
weight average molecular weight of 30,000 to 80,000, and
suitable ultra high-molecular weight epoxy resins have a
weight average molecular weight of more than 80,000,
preferably 80,000 to 200,000. Examples of the reactive

- rubbers containing functional groups of high polarity are

addition products of acrylonitrile—butadiéne rubbers or

acrylic rubbers with functional groups of high polarity, such
as carboxylic groups. Herein, “being compatible with the

epoxy resin’ means that the high-molecular'weight component
is compatible With the epoxy resin which is not yet cured and
forms a uniform mixture with the epoxy resin even after
curing.

Examples of phenoxy resins are PHENOTOHTO YP-40,
PHENOTOHTO YP-50 and PHENOTOHTO YP-60 (trade names) marketed
by Tohto Kasei Co., Ltd. .High-molecular weight epoxy resins
having a weight average molecular weight of 30,000 to 80,000
and ultra high-molecular weight epoxy resins having a weighf
average molecular weight of more than 80,000 can be produced
by the methods disclosed in the specifications of U.S. Patent
Nos. 5,391,687, 5,225,268 and 5,304,399. Examples of the

reactive rubber containing functional groups of high polarity
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'n Cstage has beeEic rubbers is HTR-860P (trade name) marketed by Teikoku
Kagaku Sangyo Co., Ltd.

The amount of the high-molecular weight component having

a weight average molecular weight of 30,000 or above and

10 being compatible with the epoxy résin having a weight average
molecular weight of less than 5,000 is 10 to 40 parts by
weight, preferably 20 to 30 parts by weight, per 100 parts by
weight of the total of the epoxy resin and the cﬁring'agent.
If the amount of the high-molecular weight component is less

15 than 10 parts by weight, the flexibility of the phase
composed mainly of the époxy resin (hereinafter, will be
referred to as epoxy resih phase) may be insufficient, or
insulation may decrease due to lowered tackiness or cracks.
If it is more than 40 parts by weight, the Tg of the epoxy

20 resin phase may decrease.

Examples of the high-molecular weight componeﬁt having a
weight average molecular weight of 30,000 or higher and being
incompatible with the epoxy resin having a weight average
molecular weight of less than 5,000 are non-modified acrylic

25 rubbers and higtholecular weight compounds, such as rubbers,
containing functional groups of low polarity. Examples of
high-molecular weight compounds containing functional groups
of low polarity are high-molecular weight compounds to which
functional groups of low polarity, such as epoxy groups, are

30 added, for example, epoxy group-containing acrylic rubbers,
epoxy group-containing acrylonitrile-butadiene rubbers, epoxy

group-containing polybutylenes and epoxy group-containing
polybutadienes; Herein, “being incompatible with the epoxy

resin” means the high-molecular weight component and the

35 epoxy'resin, which is not yet cured, form separate phases
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The preferred among the above various high molecular
weight components incompatible with the epoxy resin are epoxy
grqup-containing acrylic rubbers, particularly epoxy group-

10 containing acrylic rubbers which are copolymerization '
products of (a) 18 to 40 % by weight of acrylonitrile, (b) 2
to 6 ¢ by weight of glycidyl acrylate or glycidyl
methacrylate as a functional grqup-containing monomer and (c)
54 to 80 % by weight of ethyl acryiate,'ethyl methacrylate,

15 butyl acrylate or butyl methacrylate, and have a glass

transition temperature of -10°C or higher and a weight
average molecular weight of 800,000 or above,'such as HTR-
860P-3 (trade name) marketed by Teikoku Kagaku Sangyo Co.,
Ltd. Other functional group-containing monomers, for example

20 carboxylic acid types, such as acrylic acid, or hydroxyl
group types, such as hydroxymethyl acrylate or hydroxymethyl
methacrylate, are undesirable since they accelerate cross-
linking, to cause gelation of varnish or to decrease the
adhesive strength due to increased cure degree in B-stage

25 state. Glycidyl acrylate and glycidyl methacrylate to be
used as fhe functional group-containing monomefs may be used
individually or in combination, in a copolymerization ratio
(when used in combination, the total copolymerization ratio)
of 2 to 6 % by weight. If the amount of glycidyl acryléte

30 and glycidyl methacrylate is less than 2 % by weight,
adhesive strength may be insufficient, and if it is more than
6 % by weight, gelation tends to occur. Ethyl acrylate,
ethyl methacrylate, butyl acrylate and butyl methacrylate may
be used individually or in cdmbination or two or more, and

35 the copolymerization ratioc (when used in combination, the
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total copolymerization ratio) is 54 to 80 % by weight and is
selected considering the Tg of the product copolymers. If
the Tg is lower than -10°C, adhesive film cured to B-stage
becomes too tacky to handle. Therefore, the Tg of the
copolymers is 10°C or higher, preferably -10°C to 30°C. The
polymerization may be performed, for example, by pearl
polymerization or emulsion polymerization.

The content of polymerized acrylonitrile in the epoxy
group-containing acrylic rubbers is 18 to 40 % by weight. If
it is less than 18 % by weight, the adhesive may become poor
in solvent resistance and be attacked by solvent in following
work processes, and if it is more than 40 % by weight, the
compatibility of the copolymers with other components may be
decreased, or the copolymerization may become difficult.

The epoxy group-containing acrylic rubbers to be used
have a weight average molecular weight of 800,000 or above.
The reason is that those having a weight average molecular
weight of 800,000 or above cause little decrease of the
strength and flexibility and little increase of tackiness of
adhesives in sheet or film form, and also prevent excessive
increase of flowability which makes the control of resin
exudation difficult. The weight average molecular weight of
the epoxy group-containing acrylic rubbers is preferably |
2,000,000 or lower because-the flowability and circuit
filling of the adhesive decrease with increasing molecular
weight.

To prevent the decrease of the strength of film and the
increase of tackiness, the content of the high-molecular -
weight component incompatible with the epoxy resin, such as
the above epoxy group-containing acrylic rubbers, is at least
20 parts by weight. Also it should be 100 parts by weight or
less because the rubber component phase increases and the
epoxy resin phase decreases with increasing content of the

high-molecular weight component being incompatible with the
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weight component being compatible with the epoxy resin and
the high-molecular weight component being incompatible with
the epoxy resin and having such a high weight average
molecular weight of 30,000 or above, moleculeé compatible
with the epoxy resin and molecules incompatible with the
epoxy resin tangle each other, thereby preventing extension
of cracks which may occur due to phase separation.

To improve the interfacial bonding between different
materials, coupling agents may be added to the adhesive.
Preferred coupling agents are silane coupling agents.

Examples of silane coupling agents are
T -glycidoxypropyltrimethoxysilane, |
T—mercaptopropyltrimethoxysilane,

T -aminopropyltriethoxysilane,
T -ureidopropyltriethoxysilane and
N-B-aminqethyl—T-aminopropyltrimethoxysilane.

These coupling agents are marketed by Japan Unicar Co.,
Ltd. in the trade names of NUC A-187 for 7 -
glydidoxypropyltrimethoxysilane, NUC A-189 for 7T -
mercaptopropyltrimethoxysilane, NUC A-1100 for T -
aminopropyltriethbxysilane; NUC A-1160 for T-
ureidopfopyltriethoxys;1ane and NUC A-1120 for N-8-
aminoethyl- 7 -aminopropyltrimethoxysilane, and may be used
suitably.

Considering effects, heat resistance and cost, the
content of coupling agents is preferably 0.1 to 10 parts by
weight, more preferably 0.1 to 5 parts by weight, per'100
parts by weight of the epoxy resin. '

Inorganic ion-adsorbents may also be added to improve

the insulation reliability on moisture absorption by

18



bi sphenol A epoxy resin (weight average nol ecul ar wei ght: 400, epoxy
group equj val ent: 200, produced by Yuka Shell Epoxy Co., Ltd., trade
nanme: EPIKOTE 828), 25 parts by wei ght of a bi sphenol A novol ac resin
(wei ght average nol ecular 20 weight: 960, phenolic hydroxyl group
‘equi val ent: 120, produced by Daini ppon Tnk & Chemicals, Inc., trade
name: PHENORI TE LF2882), 30 parts by weight of a phenoxy reS|n
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conponent € epoxy resin, ght 0

30 cyanoetshyl r@spstayte mapzdeeréapseduced by ShIkOkU Kasei Kogyo Cb.,

Ltdf’ trade hane Zf)ogmgnfg forr¥4§sé éﬂfgégﬁgluég inorganic ion-
adsorbents which adsorb inorganic ions, ion exchangers which
undergo ion exchange reactions and others having both
functions.

10 Those adsorbing inorganic ions are inorganic solid
matters which separate ions from liquids or solids by mass
transfer using the adsorbing properties of porous solids, and
include, for example, active carbon, natural and synthetic
zeolites, silica gel, activated alumina and activated clay,

15 which are excellent in heat resistance and chemical
resistance.

Inorganic ion exchangers separate ions from liquids or
solids by ion exchange reactions, and include, for example,
synthetic aluminosilicates, such as synthetic zeolites,

20 hydrated oxides of metals, such as antimony pentoxide
hydrate, and acidic salts of polyfunctional metals, such'as
zirconium phosphate. Silica gel and activated clay also wdrk
as inorganic ion exchangers. Hydrotalcites are known to bind
halogens and are a kind of inorganic ion exchangers.

25 Examples of commercialiy available inorganic ijion-
adsorbents are IXE-100 (trade name) comprising zirconium
compounds, IXE-600 (trade name) comprising antimony-bismuth
compounds and IXE-700 (trade name) comprising magnesium-
aluminum compounds, all'marketéd by Toagosei Chemical Co.,

30 Ltd. An example of commercially available hydrotalcites is
DHT-4A (trade name) marketed by Kyowa Kagaku Kogyo Co., Ltd.

To prevent elution of ionized copper, compounds Known as
anti-copper damage agents, such as triazinethiol compounds
and bisphenol reductants, may also be added. Examples of
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bisphenol reductants are 2,2'-methylene-bis(4-methyl-6-tert-
butylphenol) and 4,4'-thio-bis(3-methyl-6-tert-butylphenol).

An anti-copper damage agent comprising triazinethiol
compounds is marketed by Sankyo Seiyaku Co., Ltd. in the
trade name of GISNET DB. An anti-copper damage agent

comprising bisphenol reductants is marketed by Yoshitomi

' Seiyaku Co., Ltd. in the trade name of YOSHINOX BB.

To obtain adhesives which are improved in thermal
conductivity or surface hardness, or are endowed with non-
flammability or thixotropy or have an adjusted melt
viscosity, inorganic fillers may also be added. The
preférred content of inorganic fillers in the adhesive is 13
to 38 % by volume, preferably 15 to 30 % by volume. If it is
less than 13 % by volume, the effects made by the addition of
inorganic fillers may be insufficient, and if it is more than
38 % by volume, the édhesive may have a lowered flexibility.
a lowered adhesion and a electric strength lowered by
remaining voids.

Examples of inorganic fillers are aluminum hydroxide,
magnesium hydroxide, calcium carbonate, magnesium carbonate,
calcium silicate, magnesium silicate, calcium oxide,
magnesium oxide, alumina powder, aluminum nitride powder,
aluminum borate whisker, boron nitride powder, silica, such
as crystalline silica and amorphdus silica.

To improve thermal conductivity, alumina, aluminum
nitride, boron nitride and silica, such as crystalline silica
or amorphous silica, are desirable.

Among these, alumina owes its desirability to its
excellence in heat dissipation, heat resistance and
insulation. Crystalline silica and amorphous silica are
inferior to alumina in heat dissipation, but owe their
desirability to their low content of ionic impurities whereby
they exhibit excellent insulation when subjected to PCT
treatments, and hardly cause corrosion of copper foil,

aluminum wire and aluminum plates.
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aluminum hydroxide, magnesium hydroxide, calcium carbonate,

5 magnesium carbonate, calcium silicate, magnesium silicate,
calcium oxide, magnesium oxide, alumina, crystalline silica
and amorphous -silica are desirable. '

To increase surface hardness, alumna short fiber and
aluminum borate whisker are desirable.

10 The adhesive film of the present invention can be
produced by cdating a base film with a varnish containing the
components of the adhesive dissolved or dispersed in a
solvent, removing the soclvent by heating, to form an adhesive
layer on thé base film. Base films which may be used are

15 plastic films, such as polytetrafluoroethylene films,
polyethyleneterephthalate films, release-treated
polyethyleneterephthalate films, polyethylene films,
polypropylene films, polymethylpentene films and polyimide
films. The base film may be peeled off before application to

20 apply only the adhesive layer, or may be removed after
applied together with the adhesive layer.

Examples of commercially available plastic films which

may be used in the present invention are KAPTON (trade name,
produced by Toray * Du Pont Co., Ltd.) and APICAL (trade name,

25 produced by Kanegafuchi Chemical Industry Co., Ltd.) which
are polyimide films, and LUMILAR (trade name, produced by
Toray * Du Pont Co., Ltd.) and PULEX (trade name, produced by
Teijin Ltd.) which are polyethyleneterephthalate films.

The adhesive of the present invention may also be

30 applied to metal foil; such as copper foil or aluminum foil,
as an alternative base film, to form an adhesive-backed metal
foil, or may be printed or applied on aluminum plates, copper
plates or éteel plates by screen printing or application.

Metal foils which may be used in the adhesive-backed .

35 metal foil of the present invention are foils of metals or



manner as in Exanple 1, except that the phenoxy résin maé 'répléced by
t he. sane. anount of a carboxyl group-containing 15 acrylonitril e-butadiene

rubber (wei ght average nol ecul ar wei ght: 400, 000, produced by Japan
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Tei koku Kagaku surfaces.
5 The adhesive of the present invention may also be used
as resist by printing it on predetermined areas of circuit-
patterned surfaces of printed wiring boards.

Solvents which are suitable for the preparation of the
varnish of the adhesive of the present invention are solvents

10 having a relatively low boiling pdint, such as methyl ethyl
ketone, acetone, methyl isobutyl ketone, 2-ethyoxyethanol,
toluene, butyl cellosolve, methanol, ethanol and 2-
methoxyethanol. Solvents having high boiling points may be
added to improve coating quality. Examples of solvents

15 having high boiling points are dimethylacetamide,
dimethylformamide, methylpyrrolidone and cyclohexanone.

The varnish is prepared preferably by kneading using,
for example, a mixing and driliing machine, three rolls or
beads mill, or a combination of two or more. Also the mixing

20 time can be.reduced by adding high-molecular weight matters |

‘ after_fillers are mixed with low molecular weight matters.
The varnish thus prepared is preferably vacuum-degasified to
remove the bubbles incorporated in the varnish.

The adhesive film and adhesive-backed metal foil of the

25 present invention, in general, are produced by applying the
adhesive varnish on base films, such as the above-described
plastic films or metal foils, followed by removal of solvents
by drying with heat, and the drying with heat is preferably
carried out until the dried adhesive has generated a heat of

30 10 to 40 % of a total calorific value which is generated by a
complete curing of the adhesive and measured by DSC
(differential scanning calorimetry). During the heating for
removing solvents, the curing and gelation of the adhesive
composition proceed. Since the degree of cure affects the

35 flowability of the adhesive, it is controlled to adjust the
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exudation and circuit filling of the adhesive appropriately.
DSC is bésed on the principle of the null method wherein heat
is added or taken away to always cancel the temperature
difference between a sample from a Standard_material which

5 does not cause exotherm or endotherm within the range of
measuring temperature, and may be performed by using
commercially available measuring apparatuses. The reaction
of the resin compositions is an exothermic reaction, and when
a sample is heated at a uniform rate of heating, the sample

10 reacts to generate heat. From a chart of the generated heat
made by DSC, the calorific value generated by the sample,
namely the area which is surrounded by the exotherm curve and
the base line of the standard material, is obtained. The
measurement of the calorific value is carried out by

15 increasing the temperature from room temperature to 250°C at
a rate of heating of 5 to 10°C/min. This measurement can be
performed easily by using DSC analyzers by which these
procedures are performed aufomatically. The heat generated
by an adhesive during the drying following to the application

20 to the above base film or metal foil is obtained as follows.
First solvents are dried away at 20°C with a vacuum dryer to
obtain a sample which is not yet cured. The total calorific
value A (J/g) generated by the sample is then measured.
Subsequently, the calorific value B of another sample which

25 has been dried after application is measured. The degree of
cure C (%) of the latter sample, which has generated some
heat by the drying after the applicatidn, is obtained using
the following equation. ' '

30 'c (%) = (A-B) x 100/A

The epoxy resin base adhesive of the present invention
is characterized in that the epoxy resin occupies a large
portion of the total of the epoxy resin and the high-

~35 molecula: weight component incompatible with the epoxy resin,
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nanner'éy"_ b except that the phenoxy resin wags .3
COVPARATI H H'l An insul ation adhesive fi nﬂﬂéé*iﬁﬁdﬂ@%ﬁEﬁﬂ
EPLACED

sane

n Exanple 1, except ghat the epofy gr o8

such as an epoxy group-containing acrylic rubber. Since
cured epoxy resins have relatively high Tg and good moisture
resistance, the increase in the ratio of epoxy resins
improves moisture resistance and heat resistance. The
problems of handling, such as the decreases of film strength
and flexibility and the increase of tackiness, which have
been inevitable for conventional adhesive shéets, are solved
by the following methods.

1) Moisture resistance is improved by using the epoxy
resin as the main component. '

2) The film strength and flexibility of the adhesive
film are ensured by adding, even in a small amount, the high-
molecuiar weight component being incompatible with the epoxy
resin and having a great molecular weight, particularly an
epoxy group-containing acrylic rubber.

3) Tackiness is reduced by adding the high-molecular
weight component being compatible with the epoxXy resin and
having a weight average molecular weight of 30,000 or above.

4) Particularly, the epoxy group-containing acrylic
rubber described above endows the adhesive with electric
strength and electrolytic corrosion resistance.

5) By adding inorganic fillers, tackiness can be further
reduced and cracking resistance can be further improved.

The problems of flowability and circuit £illing, which
accompany the increase of the epoxy resin content, are solved
as follows by using the above-described epoxy group-
containing acrylic rubber as the high-molecular weight
component being incompatible with the epoxy resin.

According to the present invention, the epoxy resin and
the compatible high-molecular weight component form a uniform
phase, and by using the epoxy group-containing acrylic rubber
as the high-molecular weight component incompatible with the
epoxy resin, the epoxy groups contained in the epoxy group-

containing acrylic rubber partially react with them, to cause

-overall cross-linking and gelation, with some of the epoxy



10 COVPARATI VE EXAMPLE 3 ' An insul ati on adhesive fil mwas produced
in the sanme manner as in Exanple 1, except that the anmpbunts of the
phenoxy resin and the epoxy group-containing acrylic rubber wer e
incréased to 80 parts by weight, respectiveby. 15 The insul ation
‘adhesive filnms produced in Exanples 1-4 and Conparative Exanples 1-3
were exam ned for the flexibility and cracking resistance of cured
prod?cts. reSinAF§@§199HGSPﬁ§eé§£ﬁdinsﬂhéﬁiGﬁnﬁﬁﬁé§iVéefflﬁvahiééb$e$°
20 foil of 35 r t bj 1 L1 r r '

an aluninun1plg gEo%Hg %ﬁ??ﬁ?gg Q%EHE% %?F%?n% ggﬁsgﬁg?é ggﬁggﬁtmggging and
pressing for 3gedinedeflowabidisy:] Clangpiteaof therevepadlogelabbonpathe

The copper f°‘ia%8§ EHSHn@tSEegnreacted epoxy resin remaining in the gel
5 exudes from the gel on pressing, to prevent decreases of
adhesion and circuit filling. -

When the adhesive is dried, both the epoxy groups
contained in the epoxy group-containing acrylic rubber and
the epoxy resin react, but the epoxy group-containing acrylic

10 rubber having a high molecular weight and many epoxy groups
per molecule chain sets to gel even if the reaction proceeds
only a little. Generally, the gelation occurs when a heat of
10 to 40 % of the total calorific value as measured by DSC
which will be generated by complete cure has been generated,

15 that is in A-stage or in the first half of B-stage.
Therefore, the adhesive sets to gel with a large amount of
unreacted ingredients, such as unreacted epoxy resin,
dontained therein, and has a low flowability due to its
drastically increased melt viscosity as compared that

20 measured before gelation. Since the unreacted ingredients
exude from the gel on pressing, even the adhesive which has
been set to gel is hardly deteriorated in adhesion and
circuit filling. Further, there is another advantage that
since the adhesive can be formed into film with a large

25 amount of unréacted ingredients, such as the epoxy fesin,
contained therein, the life (the period of applicability) of
adhesive film and adhesive-backed metal foil is increased.

Conventional adhesives leave only a little amount of
unreacted ingredients, such as epoxy resins, after gelation,

30 since gelation does not occur until the latter half of B-
stage or C-stage. They, therefore, have low flowability and
exhibit low adhesion and poor circuit filling since only a
little amount of unreacted ingredients can exude from the gel

on pressing.



| eaving,.a central, circular portion of 20 nmdi ameter not 25 etched. The
el ectric. strength between the copper foil and - the al um num pl ate was

it hen, measured. These results are - shown in Table 1. The-
'testi'ng nethods are as foll ows. Flexibility: Each filmwas wound
around a cylinder of 10 30 nmm di aneter at §§C and was then exam ned for

t he presence of cracks. Cracking resistance: A steel ball of
20 nm di anet er was Thougtli otipe drélatd ensleire | betieenn the hremobivibtyant) the

psulation - oSRekXS LAl 2Rl 2besh o o0hel b A 8 Sl TS 4l 20°
' rubbers and the reactivity of the epoxy groups of the low-
molecular weight epoxy resins is not clear, at least the same
5 degree as that of fhe latter is sufficient for the former,
and it is not necessary that only the epoxy groups contained
in the epoxy group-containing acrylic rubbers selectively
react. ' '
Herein, A-, B- and C-stages indicate the degree of cure

10 of adhesives. Adhesives in A-staée has been cured little and

| not yet set to gel, and has generated 0 to 20 % of the total
calorific value, as measured by DSC, which will be generated
by complete cure. Adhesives in B-stage has been cured and
set to gel to some degree, and has generated 20 to 60 % of

15 the total calorific value, as measured by DSC, which will be
generated by complete cure. Adhesives in C-stage has been
fairly cured and has set to gel, and has generated 60 to
100 $ of the total calorific value, as measured by DSC, which
will be generated by complete cure.

20 As to the judgment of gelation, those which are not
dissolved completely but swollen after dipped in a solvent
having a high permeability, such as THF (tetrahydrofuran), at
25°C for 20 hours are judged to have set to gel. The
experiment for this judgment was carried out as follows.

25 After an adhesive (weight W1) is dipped in THF and
allowed to stand therein at 25°C for 20 hours, the solid
remaining not dissolved was filtered on a nylon cloth of 200
mesh and weighed after drying (weight W2). The THF-
extraction percentage (%) is calculated from the following

30 equation. When the THF-extraction is more than 80 % by
weight, the adhesive is judged not yet set to gel, and when
it 80 % by weight or less, the adhesive is judged to have set
to gel. |

(weight W1 — weight W2) x 100
weight W1

THF-extraction percentage (% by weight) =



25 . El ectric strength A test piece, which had been pl aced

for. 96 hours In a pressure cooker adjusted to a tenperature of
121[err]C, a humdity of 100 % and a pressure of 2026 hPa, and anot her
test pi ece, which had not been subjected to,the PCT, 5 were dipped in an

i nsul ation oil respectively, and al t er n& i ng-current voltages were then
appl i ed between the copper foil and the alum num plate at room
tenperature to nmeasure the voltage which caused dielectric breakdown.
The uni tof tr“icéé%ﬁ{ﬁg éréﬂgﬂﬂkéééﬁ%ﬁinvention, the above effects

may further be improved by increasing the melt viscosity and
endowing thixotropy by addition of inorganic fillers.

5 According to the present invention, in addition to the
above effects, the adhesive of the present invention can be
improved in heat dissipatidn and endowed with non-
flammability, a proper viscosity at bonding temperature and
improved surface hardness.

10 Hereinafter, the present invention will be described in
detail referring to Examples. '

EXAMPLES 1-18 AND COMPARATIVE EXAMPLES 1-10
EXAMPLE 1
15 To a composition consisting of 30 parts by weight of a
bisphenol A epoxy resin (weight average molecular weight:
400, epoxy group equivalent: 200, produced by Yuka Shell
Epoxy Co., Ltd., trade name: EPIKOTE 828), 25 parts by weight
of a bisphenol A novolac resin (weight average molecular
20 weight: 960, phenolic hydroxyl group equivalent: 120,
produced by Dainippon Ink & Chemicals, Inc., trade name:
PHENORITE LF2882), 30 parts by weight of a phenoxy resin
" (weight average molecular weight: 50,000, produced by Tohto
Kasei Co., Ltd., trade name: PHENOTOHTO YP-50), 30 parts by
25 weight of an epoxy group-containing acrylic rubber (weight
average molecular weight: 1,000,000, epoxy group equivalent:
3,100, produced by Teikoku Kagaku Sangyo Co., Ltd., trade
name: HTR-860P-3) as a high-molecular weight component
incompatible with the epoxy resin, 0.5 parts by weight of 1-
30 cyanoethyl-2-phenylimidazole (produced by Shikoku Kasei Kogyo
Co., Ltd., trade name: 2PZ-CN) as a cure accelerator, 0.5
parts by weight of 7 -glycidoxypropyltrimethoxysilane
(produced by Nippon Unicar Co., Ltd., trade name: NUC A-187)

as a coupling agent and 2 parts by weight of an antimony-

35 ©bismuth compound (produced by Toagosei Kagaku Kogyo Co.,
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TABLE 1

Cracki ng resi stance good good good good good poor good

Ltdgyxﬁﬁ%ﬂﬁxﬁ@ﬂﬁkj%*ﬁﬁp%kxﬁprﬁﬂleﬂﬁﬂpnlc ion-adsorbent, was
added 150 parts by weight of methyl ethyl ketone, and mixed

with a beads mill. After the viscosity was adjusted by
adding 30 parts by weight of methyl ethyl ketone, the mixture
was vacuum-degasified.

The obtained varnish was applied to a release-treated
polyethyleneterephthalate film'of 70 #m thick, heated at
110°C for 15 minutes to dry, to give an insulation adhesive

film which was a coating of 80 um thick being in B-stage.

EXAMPLE 2

An insulation adhesive film was produced in the same
manner as in Example 1, except that the phenoxy resin was
replaced by the same amount of a carboxyl group-containing
acrylonitrile-butadiene rubber (weight average molecular
weight: 400,000, produced by Japan Synthetic Rubber, Co.,
Ltd., trade name: PNR-1).

EXAMPLE 3

An insulation adhesive film was produced in the same
manner as in Example 1, except that the amount of the phenoxy
resin was reduced to 20 parts by weight, 20 parts by weight
of the same carboxyl group-containing acrylonitrile-butadiene
rubber as used in Example 2 was added, and tho epoxy resin-
containing acrylic rubber was replaced by 40 parts by weight
of a non-modified acrylic rubber (produced by Teikoku Kagaku
Sangyo Co., Ltd., trade name: HTR-860).

EXAMPLE 4 .
An insulation adhesive film was produced in the same
manner as in Example 1, except that the inorganic ion-

adsorbent was not used.

COMPARATIVE EXAMPLE 1



Al'l the_ adhesive conpositions prepared in Exanples 1-4 cont ai ned an
epoxy resin and a curing agent therefor, a high- 15 nolecul ar wei ght
‘component conpatible with the epoxy resin. .. and a high-nol ecul ar wei ght
;conmpornent inconpatible with the - epoxy rgsin. It is shown that because
of their structures consi sting of a phasé containing an epoxy resin and
a conpati bl e hi gh-nol ecul ar wei ght conponent and a phase 20 contai ning
an inconpatible h|gMnrunsnlﬁtnomwﬁq#ﬂsxxﬁwﬁﬁkmnwas PrQ¢RQEQM#QBthe same

onsi sti ng. of BTN P, fh FRERITE [TREEN R, tho SRR b S ot

ormphase

resin conposi tusedof Conparative Exanple 1 had a low 25 electric strength
due to the absence of a high-nolecul ar wei ght conponent conpatible with
t he epoxy resin. That of Conpar ati ve Exanpl e 2 exhibited poor cracking

resi st ance sdU6COMPARATIVE EXAMPLE 2
. An insulation adhesive film was produced in the same
‘manner as in Example 1, except that the epoxy group-

containing acrylic rubber was not used.

10 COMPARATIVE EXAMPLE 3

An insulation adhesive film was produced in the same
manner as in Example 1, except that the amounts of the
phenoxy resin and the epoxy group-containing acrylic rubber
were increased to 80 parts by weight, respectively.

15 '

The insulation adhesive films produced in Examples 1-4
and Comparative Exémples 1-3 were examined for the
flexibility and cracking resistance of cured products.

Also, by using each insulation adhesive film, a copper

20 foil of 35 um thick and 50 millimeter square was bonded with
an aluminum plate of 2 mm thick and 50 millimeter square by
heating and pressing for 30 minutes at 170°C and at a
pressure of 1.96 MPa. The copper foil was then etched,
leaving a central, circular portion of 20 mm diameter not

25 etched. The electric strength between the copper foil and
the aluminum plate was then measured. These results are
shown in Table 1.

The testing methods are as follows. _

Flexibility: Each film was wound around a cylinder of 10

30 mm diameter at 25°C and was then examined for the presence of
cracks. .

Cracking resistance: A steel ball of 20 mm diameter was

- dropped from a level 200 mm high down to each insulation
adhesive film placed on an aluminum plate (1.5 mm®), and then

35 the presence of cracks in the film was investigated.
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Electric strength: A test piece, which had been placed
for 96 hours in a pressure cooker adjusted to a temperature
of 121°C, a humidity of 100 % and a pressure of 2026 hPa, and
another test biece, which had not been subjected to the PCT,
were dipped in an insulation oil respectively, and
alternating-current voltages were then applied between the
copper foil and the aluminum plate at room temperature to
measure the voltage which caused dielectric breakdown. The

unit of the electric strength is kV.

TABLE 1

Comparative
examples
1 2 3 4 1 2 3

Examples

Electric strength

(before PCT) 75 |73 | 72 | 72 | 45 | 73 | 32

Electric strength 62 | 59 | 61 | 25 | 13 | 60 | 1.0

(after PCT) .
Cracking resistance | good | good | good | good | good | poor good
Flexibility good good | good | good | poor | good

good

All the adhesive compositions prepared in Examples 1-4
contained an epoxy resin and a curing agent therefor, a high-
molecular weight component compatible with the epoxy resin
and a high-molecular weight component incompatible with the
epoxy resin. It is shown that because of their structures
consisting of a phase containing an epoxy resin and a
compatible high-molecular weight component and'a phase
containing an incompatible high-molecular weight component,
they were significantly improved in cracking resistance as
compared to the one consisting of a uniform phase
(Cémparative Example 2).

The resin composition of Comparative Example 1 had a low
electric strength due to the absence of a high-molecular
That of

Comparative Example 2 exhibited poor cracking resistance due

weight component compatible with the epoxy resin.

to the absence of a high-molecular weight component



contai ning an inorganic ion-adsorbent had higher electric strength

after noisture absorption, as conpared with that of . Exanpl e 4
icont ai ning no agents for capturing ions. EXAMPLES 5-8 AND

| COVPARATI VE EXAMPLES 4-6 Each of the conpositions prepared in
Exanmpl es 1-4 and Conpar ati ve Exanpl es 1- § was m xed wi th alum na powder
in a ratio of 70 % by volune of the conposition and 30 % by vol une
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It is also shown that the adhesives of Examples 1-3
containing an inorganic ion-adsorbent had'higher electric
strength after moisture absorption, as compared with that of

Example 4 containing no agents for capturing ions.

EXAMPLES 5-8 AND COMPARATIVE EXAMPLES 4-6

Each of the compositions prepared in.Examples 1-4 and
Comparative Examples 1-3 was mixed with alumina powder in a
ratio of 70 % by volume of the composition and 30 % by volume
of the alumina powder, and the mixture was formed into an
insulation adhesive film in the same manﬁer as above.

The obtainéd insulation adhesive films were examined for
the flexibility and cracking resistance of cured products.
The electric strength between copper foil and aluminum plate
was also measured in the same manner as in Examples 1-4 and
Comparative Examples 1-3. The results were the same as those
of Examples 1-4 and Comparative Examples 1-3, respectively.

Subsequently, by using each insulation adhesive film, a
copper foil of 35 Um thick and 30 mm square and an aluminum
plate of 2 mm thick and 30 mm square were bonded by heating
and pressing for 30 minutes at a temperature of 170°C at a
pressure of 1.96 MPa. The copper foil was then etched,

leaving a central, rectangular portion of 10 mm x 14 mm not

etched.

After a transistor (2SC2233) was soldered to the copper
foil of the test piece, the test piece was placed on a heat
dissipation block, with the aluminum plate in contact with
the dissipation plate, and an electric current was then
applied to the transistor. The temperature (T1l) of the
transistor and the temperature.(Tz) of the heat dissipation

block were measured, and the thermal resistance (X) was



s Been Re laced

of Exa ot s nparatlve Exanpl es 1-3, respectively.
Subsequ each insul ation adhesive film a __£0
35 [err]ir nm square and an al um num pl at af

and 30 nn1square wer e bonded by heating 25 nd pressing fior

a tenperature of 170[err]C at a pressure of 1.96 Mra. -
was then etched, - | eaving a central, rectangular portion of 10 mm x 14
m not et chaticulated fromftke measured syatuesmdsthe \@RPLLEYPRYET o W)
t he copper 30 __{oj t est e ajpeat
di ssi pation bl%%§+$mf%% ?ﬁligﬁiﬂg ﬁ?%?%?@ %n c%ﬁ%gﬁfsﬁffipéfé ?%gﬁn 1
di ssi pation pl'Bakleakd an electric current was then applied to the
transistor. The tenperature (T1l) of the transi stor and the tenperature
(T2) of the heat dissipation 35 block were nmeasured, and the thernma
resistanceg X) was X = (T1-T2)/W (1)
TABLE 2
Example Nos. Comparative Ex. Nos.
1 5 6 7 8 4 5 6
c 5o to whict X
alumina powder was | Not | ool Ex2 | Bx3 | Ex4 | | Come | Come
added - BEx1 | Be2 | Ex3
added
T Iros
15 04 04 04 04 04 04 | 045
C C/W)

Table 2 shows that the thermal resistance, which
10 indicates heat dissipation properties, was decreased by

adding a high efficiency heat-dissipation filler.

EXAMPLE 9
To a composition consisting of 30 parts by weight of a

15 bisphenol A epoxy resin (weight average molecular weight:
400, epoxy group equivalent: 200, produced by Yuka Shell
Epoxy Co., Ltd., trade name: EPIKOTE 828) and 10 parts by
weight of a cresol novolac epoxy resin (weight average
molécular weight: 1,000, epoxy group equivalent: 220,

20 produced by Sumitomo Chemical Co., Ltd., trade name: ESCN001)
as epoxy resins, 25 parts by weight of a phenol novolac resin
(weight average molecular weight: 960, phenolic hydroxyl
group equivalent: 120, produced by Dainippon Ink & Chemicals,
Inc., trade name: PHENORITE LF2882) as a curing agent for the

25 epoxy resins, 10 parts by weight of a phenoxy resin (weight
average molecular weight: 50,000, produced by Tohto Kasei
Co., Ltd., trade name: PHENOTOHTO YP-50) as a high-molecular
weight component being compatible with the epoxy resins and

having a weight average molecular weight of 30,000 or above,
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30 parts by weight of an epoxy group-containing acrylic
rubber (weight average molecular weight: 1,000,000, epoxy
group equivalent: 3,100, produced by Teikoku Kagaku Sangyo
Co., Ltd., trade name: HTR-860P-3) as a high-molecular weight
component incompatible with the epoxy resins, 0.5 parts by
weight of 1-cyanoethyl-2-phenylimidazole (produced by Shikoku
Kasei Kogyo Co., Ltd., trade name: 2PZ-CN) as a cure
accelerator and 0.5 parts by weight of 7T -
glycidoxypropyltrimethoxysilane (produced by Nippon Unicar
Co., Ltd., trade name: NUC A-187), was added 150 parts by
weight of methyl ethyl ketone, and mixed with a beads mill.
After the viscosity was adjusted by adding 30 parts by weight
of methyl ethyl ketone (resinous solid content: 40 % by
weight), the mixture was vacuum-degasified. The obtained
varnish was applied on a release-treated
polyethyleneterephthalate £ilm of 75 #m thick, heéted at
110°C for 15 minutes to dfy, to give an insulation adhesive
film which was a coating.of 80 um thick being in B-stage.

The degree of cure of the adhesive in this stage as
measured (the rate of heating: 10°C/min) using a DSC (912-
type DSC, produced by E: I. Du Pont de.Nemours and Company)
was such that the adhesive had generated a heat of 15 % of
the total calorific value generated by complete cure of the
adhesive. After the adhesive (weight W1l) was dipped in THF
for 20 hours at 25°C, the solid remaining not dissolved wés
filtered on a nylon cloth of 200 mesh and weighed after
drying (weight W2). The THF-extraction percentage (=(W1l-
W2)x100/W1l) was 35 % by weight.

EXAMPLE 10

An adhesive film was produced in the same manner as in
Example 9, except that the phenoxy resin used in Example 9
was replaced by the same amount of a carboxyl group-
containing acrylonitrile-butadiene rubber (weight average

molecular weight: 400,000, produced by Nippon Synthetic



5 TR Shed: s Hee) Regraced (1) -
Exanpl e : ‘ “ Conpartive Ex Nos.

7 ..8 | ‘ Conmposition to which
Ex. 1. Ex. 2" EX. Ex.4 Ex.1 Ex.2 Ex.3
Thermal resistance 15 0.4 0.4 0.4 2%4 0.4 0.4 0.45
Tabl e 2 shows that the thermal resistance, which 10 indicates heat

di ssi pati on pRRIYYdr eTo WAL tECS aa%sdé ame: PNR-1). The degree of cure of
the adhesive in this stage as measured using a DSC was such
that the adhesive had generated a heat of 20 % of the total

calorific value generated by complete cure of the adhesive.

5 The THF-extraction percentage was 35 % by weight.

EXAMPLE 11
An adhesive film was produced in the same manner as in
Example 9, except that the amount of the epoxy group-

10 containing acrylic rubber used ianxample 9 was changed to 50
parts by Weight.- The degree of cure of the adhesive in this
stage as measured using a DSC was such that the adhesive had
generated a heat of 20 % of the total calorific value
generated by complete cure of the adhesive. The THF-

15 extraction percentage'was 35 % by weight.

EXAMPLE 12
An adhesive film was produced in the same manner as in

Example 1, except that the epoxy group-containing acrylic

20 rubber used in Example 1 was replaced by a non-modified
acrylic rubber (produced by Teikoku Kagaku Sangyo Co., Ltd.,
trade name: HTR-860). The degree of cure of the adhesive in
this stage as measured using a DSC was such that the adhesive
had generated a heat of 20 % of the total calorific value

25 generated by complete cure of the adhesive. The THF-
extraction percentage was 90 % by weight.

COMPARATIVE EXAMPLE 7
An adhesive film was produced in the same manner as in

30 Example 9, except that the epoxy group-containing acrylic

rubber used in Example 9 was not used. The degree of cure of

the adhesive in this stage as measured using a DSC was such

that the adhesive had generated a heat of 20 % of the total

calorific value generated by complete cure of the adhesive.
35 The THF-extraction percentage was 90 % by weight.



addi ng a high efficiency heat-dissipation filler. EXAMPLE 9
To a cqﬁpg@g agﬁeeﬁﬂgaécéél ng of 30 parts by weight of a 15 bisphenol A

epoxy r erage nol ecul ar wei ght: 400, epoxy qroup
equival ced by Yuka Shell sfpoxy Co.

EPIKOTE rts by wei ght of a cresol nOVw

(wei ght average nDIecuIar wei ght: 1, 000, epoxy gro

20 produced by Sumitonpo Chem cal Co., Ltd., trade nane: ESCNOOl) T as

epoxy resins, ?&[pﬁ“ %%”gpf a phenol novol ac resin (wei ght
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5 containing acrylic rubber used in Example 9 was increased to
80 parts by weight. The degree of cure of the adhesive in
this stage as measured using a DSC was such that the‘adhesive
had generated a heat of 15 % of the total calorific value
generated by complete cure of the adhesive. The THF-

10 extraction percentage was 25 % by weight.

The adhesive films produced in Examples 9-12 and
Comparative Examples 7 and 8 were examined for the
- flexibility and cracking resistance of cured products.
15 After the base films were peeled off, each adhesive film
was disposed between a copper foil of 35 MUm thick and 50 mm
X 50 mm and ‘an aluminum plate of 2 mm thick and 50 mm x 50
mm, and then bonding was performed by heating and pressing
for 30 minutes at a temperature of 170°C and at a pressure of
20 1.96 MPa. The copper foil was then etched, leaving a
- central, circular portion of 20 mm diameter not etched.
Subsequently, the electric strength between the copper foil
and the aluminum plate was measured. The results are shown
in Table 3.
- 25 The testing methods are as follows.

Flexibility, cracking resistance: Each adhesive film was
wound around a cylinder of 10 mm diameter at 25°C and was
then examined for the presence of cracks.

Electrlc strength: Test pieces, whlch had been placed

30 for 96 hours in a pressure cooker adjusted to a temperature
of 121°C, a relative humidity of 100 % and a pressure of 2026
hPa, and test pieces, which had not been subjected to the
PCT, were dipped in an insulation oil respectively, and
alternating-current voltages were then applied between the

35 copper fqil and the aluminum plate at room temperature to



aver age. mol ecul ar wei ght : 50;000, produced by Tohto Kasei Co., Ltd.,

trade name: PHENOTCHTO YP-50) as a hi gh-nol ecul ar wei ght conponent
.being conpatible with the epoxy resins and havi ng a wei ght average

mol ecul ar wei ght of 30,000 or above, 31

28 30 parts by weight of an epoxy group-containing acrylic rubber

(wei ght average nol ecul ar wei ght: 1,000, 000, epoxy
measure the voltage which caused dielectric breakdown. The

unit of the electric strength is kV.
Tight adhesion: Test pieces, which had been treated in a
pressure cooker (PCT) for-96 hours at a temperature of 121°C,
'5 at a relative humidity of 100 %, at a pressure of 2026 hPa,
test pieces, which had not subjected to the PCT, were
observed. Those wherein no delamination was observed were
rated as “"good”, and those wherein delamination was observed
were rated as "poor”.
10 The amount of exudation: After the base films were
peeled off form adhesive films of 100 mm x 100 mm, a hole of
6 mm diameter was made in the adhesive layers, each of which
was then disposed between the release surface of a release-
treated polyethyleneterephthalate film of 75 U4m thick and an
15 aluminum plate of 2 mm thick and 100 mm x 100 mm, and bonded
by heating and'pressing for 30 minutes at a temperature of
170°C at a pressure of 1.96 MPa. Subsequently, the release-
treated polyethyleneterephthalate f£ilm was peeled of to _
measure the radial length of the resins exuded from the hole.
20 The radial length was used to indicate the amount of
exudation. An amount of exudation of not more than 1.5 mm
was rated as "good”, and that of larger value was rated as
"bad”.
Circuit filling: After the copper foils of an glass

25 clbth base epoxy resin both-sided copper-clad laminate (the

thickness of the base material: 200 Km, thickness of each

copper foil: 35 um) were patterned (pattern width: 0.5 mm,
pattern gap: 0.5 mm), a film obtained by peeling off the .base
film from each adhesive film of 100 mm x 100 mm and an

30 aluminum plate of 2 mm thick and 100 mm x 100 mm were
superposed, respectively, on the patterned sides, and bonded
by heating and pressing for 30 minutes at a temperature  of
170°C at a pressure of 1.96 MPa. A section was observed with
an optical microscope, and those wherein adhesives tightlj

35 adhered to the sides of copper circuits of the patterned



group ‘“haﬁ ggﬁamﬁkmmmﬂ produced by Tei koku Kagaku”Sangyo' Co., Ltd.,

trade ' ) as a high-nol ecul ar weight 5 conponent inconpatible
wi t.h t hg “ 0.5 parts by wei ght of

1- cyano | mi dazol e (produced byoShi koku REESE TS/UASJBEEN
Ltd., trade nane: 2PZ CAD as a cure accel erator an 5 B&F ACED
meight of [err] - ci doxypropyl trimet hoxysil ane &produced by 1

Uni car 10 Cogla§§d°1°¢ aSga PO ofhtgided \gorpecglado lpmingtpyand

wei ght of et yl ﬂahseh g,agggut%ng, Fhoad Wetak}l?lgb%qas%%e ratefif b’ the

Vi scosity was a uste parts by wel met hyl et hyl
ket one (reS|n0@@0§oI|dndomheﬁe wh@rﬁibyv01dswubgntpbsewweﬁnweueeraﬁsd as
vacuun}degasihhggr.The obtained 15 varnish was applied on a
rel ease-treate ) '

5 Processability: The adhesive films were punched, and

those which were cracked or scattered resin scraps or powder
were rated as “poor”, and those free of these phenomena were

rated as "good”".

10 TABLE 3
Comp.
Example Nos. Exarrple Nos.
9 10| 1|12 7 8
_ EPIKOTE 828 30 |3 |3 |33/ 3
| Epowyresn ESCNO01 | 10 | 10| 10| 10 | 10| 10
Curing agertt PHENORITELF2882 | 25 | 6 | 5 | 25 | 25 | 25
Compatble high-molecular | YP-50 0] o 10]10][10]10
weight component PNR-1 0 10 0 0 0 0
Incompatible high-molecular | HTR-860P-3 30|33/ o0 0 | 80
weight component HTR-860 0 0 0 40 0 0
Cure accelerator ' 2PN-CN 05 (05 | 05 | 05 | 05 | 05
Sitane coupling agent NUC A-187 | o5 | 05| 05| 05| 05| 05
Electric strength kV)
(bofore PCT) 75 | 713 | 72 | 45 | 713 | 32
Electric strength (V)
(after PCT) 62 | 59 | 61 | 13 | 60 | 10
Flexbilty _ Good | Good | Good | Good | Poor | Good
The amount of exudation Good | Good | Good | Good | Bad | Good
Circut filing Good | Good | Good | Good | Good | Poor
Tight adhesion (before PCT) Good | Good | Good | Good | Good | Good
Tight adhesion (after PCGT) : Good | Good | Good | Poor | Good | Good
Processability | Good | Good | Good | Good | Poor | Good

HTR-860P-3: epoxy group-containing acrylic rubber
HTR-860: non-modified acrylic rubber

15 All the adhesives of Examples 9-12 contained epoxy
resins and a curing agent therefor and both of a high-



pol yethyl eneterephthalate filmof 75 [err]m thick, heat ed at 110[err]C

for, ;mggbgﬁ&ge&l lcedt 0 gi ve an insul ation adhesive . T LT Wh c e wes—a
coating]. hICk bei ng i n B-stage. The||d€ ﬁ ﬂ*@MﬁBEEN
t he adh tage as 20 neasured {4he rate of hgatin EPLACED

10[ err] DSC (912- type DSC, produced by E. I Du

Nenmour s and Cbnpan was such that the adhesive had generated a heat of
1gh% of f t moletelax fetghit ccompenenie RERHLIE JBH cthe QRKBITIFENS
adhesive. Afte Nolelty rs
at 25[err]C cjhrcla(irs]%lllli?:glgir?an'mat| nler‘\ﬂ]%rc}%e%g%so elgd was il{b a%t(%’tr:belol€§ 3'?11129n&;}%n

cloth of 200 mqghqpndembmghedTbéyewere exngdlngVﬁngﬁieqmglc1$ﬁ¥ength and
THF- _eXt raction tLghe 002081 éa (Wter th%éﬂ'%wmm, Shdordeighfe1l

5 excellent in cracking resistance, flexibility and
' processability. They are useful as adhesives for wiring
boards because they were also excellent in the amount of
exudation and circuit filling.

However, as compared with the adhesive of Example 12

10 containing a non-modified acrylic ‘rubber as high-molecular
weight component incompatible with the epoxy resin, those of
Examples 9-11 containing an epoxy group-containing acrylic
rubber as the high-molecular weight component incompatible
with the epoxy resins were superior in electric strength and

15 tight adhesion.

The adhesive of Comparative Example 7 had poor
flexibility due to the absence of the high-molecular weight
component incompatible with the epoxy resins. The adhesive
of Comparative Example 8 was inferior in flowability and

20 circuit filling due to the excessive amount of the high-
molecular weight component incompatible with the epoxy
resins. It also had a low electric strength after the PCT

treatment.

25 EXAMPLES 13-16 AND COMPARATiVE EXAMPLES 9-10
Each of the adhesives prepared in Examples 9-12 and
Comparative Examples 7 and 8 was mixed with alumina powder
(average particle size: 0.5 U4m, produced by Showa Denko Co.,
Ltd., trade name: AL-160SG-1) in a ratio of 80 % by volume
30 (100 parts by volume) of the adhesive (solids including
resins) and 20 % by volume (25 parts by volume) of the
‘alumina powder, and an adhesive film was produced by using

the mixture in the same manner as in Example 9.

35 EXAMPLE 17

\\.—'l



30 EXAMPLIS; kDtias Been Replace®n adhesive filmwas produced inc S nner_as

in,
repl aced
acrylonit

400, 000, produced by Ni ppon Synthetic 29

10

15

20

25

30

35

m‘]imﬁﬂ[g) t hat the phenoxy resin used in W@L*-EE'?HA'SB%-

unt of a carboxyl group- cagnt ai ni
rubber (weight avergge 35 nnlb:utatigggﬁﬁfp

L4

The adhesive prepared in Example 9 was mixed with
silice powder (average particle size: 5-6 MUm, produced by
Denki Kagaku Kogyo Co., Ltd., trade name: FB-301) in a ratio
of 80 % by volume (100 parts by volume) of the adhesive and
20 $ by volume (25 parts by volume) of the silica powder, and

an adhesive film was produced by using the mixture in the

"same manner as in Example 9.

EXAMPLE 18

The adhesive prepared in Exaﬁple 9 was mixed with sphere
alumina powder (average particle size: 10 #m, produced by
Showa Denko Co., Ltd., trade name: AS-50) in a ratio of 65 %
by volume (100 parts by volume) of the adhesive and 35 % by
volume (55 parts by volume) of the sphere alumina powder, and
an adhesive film was produced by using the mixture in the

same manner as in Example 9.

The adhesive films produced in Examples 13-16 and
Comparative Examples 9-10 were examined for the flexibility
and cracking resistance of cured products.

The electric strength between a copper foil and an
aluminum plafe was measured in the same manner as in Examples
9-12 and Comparative Examples 7-8. The results were the same
as those of Examples 9-12 and Comparative Examples 7-8,
respectively.

Adhesive-backed metal foils were produced in the same
manner and under the same conditions as.in Example 9, except
that the adhesive varnishes prepared in Examples 9, Examples

13-18 and Comparative Examples 9-10 were used, and that a
copper foil of 35 Um thick was used in place of the release-

treated polyethyleneterephthalate film used in Example 9.
Each adhesive-backed copper foil thus produced was cut off to
30 mm X 30 mm, superposed on an aluminum plate of 2 mm thick
and 30 mm x 30 mm, with the adhesive side being in contact

with the aluminum plate, -and bonded by heating and pressing



Rubber, Co., Ltd. trade nane: PNR-1). The degree of cure of t he

adheS|ve |ﬁh§ﬁw§}h$ ceteasured using a DSC was such that the
adhesi ve ha Hﬂ eat of 20 % of the total ] VFEr R
generated b of t he adhesive.,z5 The THF-rx*#%§ﬁ£§ﬁHASBEEN
percent age was 35 Wbby wel ght . EXANPL%?l n SHEAGER il m

was produced in the sanme manhner as in Exanpl e 9, except t hat the arouont
of the epoxy df@upB0 minukes eﬁﬁﬂlmdiei@%ﬂ'@tﬂlf%tﬂferlw&l th TRE/TVIRE R

h dt 50
changed to .96 Ripd S 2%h USIC%}ser E%%.P%seetlﬂén Q¥ éheéd, theawdlipy ve | ”.

this stage as neasur was such that the adhesi ve had
gener at ed a hessniofal) ®éatfangielantportionref i X0 vam e 14 mydnd ftghad,.

Com e U O U AP funa I (2802283 ' | SN A G NS Wb opher®

5 foil of the test piece, the test piece was placed on a heat
dissipation block, with the aluminum plate being in contact
with the dissipation plate, and an electric current was then
applied to the transistor. The temperature (T1l) of the
transistor and the temperature (T2) of the heat dissipation

10 block were measured, and the thermal resistance (X) was
calculated from the measured values and the applied power (W)

using the above-described equation. The results are shown in

Table 4.
15 TABLE 4
Example Comparative
Nos. Example Nos.
9 13 14 15 16 17 18 9 10
Composition to _
which filler was Not Ex9° | Ex10”| B 11° Ex 12| Bx 92 | Ex 92 GomF‘)) COI’T'D;)
added Ex 9° | Ex 10
added
Thermal resistance
30 12 12 12 12 16 08 12 13
oW

1) filer 20 % by volume: alumina powder (average particle size: 05 14 m, AL-160SG-1)
2)iller 20 % by volume: silica powder (average particle size: 56 14 m, FB-301)
3)filler 35 % by volume: sphere alumina powder (average particle size: 10 1 m, AS-50)

Table 4 shows that the adhesives containing high
efficiency heat dissipation fillers had decreased thermal
resistance, indicating improved heat dissipation, and were

20 also excellent in moisture resistance, heat resistance,
cracking resistance, flexibility, circuit filling and tight

adhesion.

- INDUSTRIAL APPLICABILITY
25 As described above, the adhesive, adhesive £ilm and

adhesive-backed metal foil of the present invention are so



COVPARATI VE EXAMPLE 7 An adhesive fil mwas produced in the sane
manner "as in Exanpl e 1, except that the epoxy group-containing acrylic
20 , rubber used in Exanple 1 was replaced by a non-nodified acrylic
rubber (produced by Tei koku Kagaku Sangyo ng, Ltd., trade nane:

HTR- 860). The degree of cure of the adhesive in this stage as neasured
using a DSC was such that the adhesive had generated a heat of 20 % of
the total cal edéXllemt ubn 2foigkures atesidtaneapmetio g deferierakpslifile

The THE- Y FASHOTE8 K6 Al "AS A aRdy Il severe cSHATAIYH VE
' such as PCT treatment, and are also excellent in heat
resistance, adhesion strength at high temperature, heat
5 dissipation, reliability of insulation, cracking resistande
and flexibility. Further, because of the proper flowability
of the adhesive of the present invention, the adhesive,
adhesive film and adhesive-backed metal foil of the present
invention are as well excellent in circuit filling and tight

10 adhesion.

15



An adhesive filmwas produced in the same manner as in 30 Exanple 9,
except . that thé epoxy group- containing acrylic rubber used in Exanple 9
was. not used. T - the adhesive i

measUr ed usi ng E“uﬂnm that the ggdhesive ha
20 % of the tota risf1 e val ue generated by co

adhesive. 35 The THF extractlon percent age was 90 % by
30 CLAIMS

1. An adhesive comprising (1) 100 parts by weight of a
combination of an epoxy resin having a weight average

5 molecular weight of less than 5,000 and a curing agent, (2)
10 to 40 parts by weight of a high-molecular weight component
being compatible with the_epoxy resin and having'a weight
average molecular weight of 30,000 or above, (3) 20 to 100
parts by weight of a high-molecular weight component being

10 incompatible with the epoxy resin ‘and having a weight average
molecular weight of 30,000 or above, and (4) 0.1 to 5 parts

by weight of a cure accelerator.

2. The adhesive of claim 1 which further contains 0.1 to 10

15 parts by weight of a coupling agent.

3. The adhesive of claim 2, wherein the coupling agent is a

silane coupling agent.

20 4. The adhesive of claim 1 which further contains 0.5 to 10

parts by weight of an inorganic ion-adsorbent.

5. The adhesive of claim 4, wherein the inorganic ion-
adsorbent is an antimony-bismuth compound. '

25
6. The adhesive of claim 1 which is cured to such a degree
that the adhesive has generated a heat of 10 to 40 % of a
total calorific value as measured by DSC which is generated
when the adhesive is completely cured. '

30 :
7. The adhesive of claim 1 which further 6ontains 13 to
38 % by volume of an inorganic filler based on a volume of

the adhesive.

—_—_—
—
—_—
—_—
———

T



COVPARAT. An adhesive filmwas produced in the sane

manner . as ! except that the anmount of the Fpo*y=

“cont ai*ni- n th sed in Exanple 9 was increased JHISSH
‘by- wek ght . e @f cure of the adhesi th|s tageREﬁL
using a DSC was such that the adhesive %ad generated a hes

the total calorific value generated by conplete cure of the adhesiVe:
The THF- 10 ex@ractThm qﬁxwu@ng vekalrs 7, twhegeightthe inorganic ffjller is
adhesive filns iﬂﬁﬁ%ﬁ; ## Ies 9-11 and Conpar ati ve Exanples 7-9
were exani ned 307 exi and cracking resistance of cured

products.
| 9. The adhesive of claim 1, wherein the high-molecular

5 weight component having a weight average molecular weight of
30,000 or above and being compatible with the epoxy resin
having a weight average molecular weight of less than 5,000
is selected from the group consisting of a phenoxy resin, a
carboxyl group-containing acrylic rubber, a carboxyl group-

10. containing acrylonitrile-butadiene rubber, a high-molecular
weight epoiy-resin having a weight average molecular weight
of 30,000 to 80,000 and an ultra-high-molecular weight epoxy
resin having a weight average molecular weight of more than
80,000, and the high-molecular weight component having a

15 Weight average molecular weight of 30,000 or above and being
incompatible with the epoxy resin having a weight average
molecular weight of 5,000 or above is selected from the group
consisting of an acrylic rubbér, an epoxy group-containing
acrylic rubber, an epoxy group-containing acrylonitrile-

20 butadiene rubber, an epoxy group-containing polybutylene

rubber and an epoxy group-containing polybutadiene.

10. The adhesive of claim 1, wherein the epoxy resin having
a weight average molecular weight of less than 5,000 is

25 selected from the group consisting of a bisphenol A liquid
epoxy resin having a weight average molecular weight of 500
or less, a bisphenol F liquid epoxy resin having a weight
average molecular welight of 500 or less, a phenol novolac
epoxy resin and a cresol novolac epoxy resin, and the curing

30 agent is selected from the group consisting of a phenol
novolac resin, a bisphenol novolac resin and a cresol novolac

resin, and the cure accelerator is a imidazole compound.

11. The adhesive of claim 1, wherein the high-molecular

35 weight component having a weight average molecular weight of

This Sheet Has Been Rep laced
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15 .. After the bas ' were peeled off, each adhesi
di sposed. pe t‘mn‘mm‘aﬁmt‘ il of 35 [err]mt h| ck and _OT;mgl
an alunlnum ck and 50 nn1x 50 mm jjand
perforned by heatlng and pressing for m nut es at=s=tem el UT ¢
170[err]C and at a pressure of 20 1.96 Mra. %he copper foil was then
etched, leaving a central, circular portion of 20 nm di aneter not
etgheﬂ. | s@@eﬂﬁ@mr yabeye andbeing sfnmaatﬁelmﬂ@ hEhe RPRRFY fBp§in
and the a unqug% T ho#y I
25 The tes |H§ ng%%%gggare Eé?? +§1ééﬁyé£sW@i§h§ eX|e?T|%ﬂhH€$aga§ng
gesistance Eat$ anlhepdoxe §r¢mpvwmnta1nﬂmmn@cgybuﬁdr@bhgr|Whm#h 51® nm

i ameter at 25 d t r acks.
lactric ot rengopeiFadiiadtion prodide BENAFTIS o U6 £767 WERght SF

5 acrylonitrile, (b) 2 to 6 % by weight of glycidyl acrylate or

glycidyl methacrylate as a functional group-containing
monomer and (c). 54 to 80 % by weight of ethyl acrylate, ethyl
methacrylate, butyl acrylate or butyl methacrylate and has a
glass transition temperature of -10°C or above and a weight

10 average molecular weight of 800,000 or above.

12. The adhesive of claim 11, wherein the high-molecular
weight component having a weight average molecular weight of
30,000 or above and being compatible with the epoxy resin

15 having a weight average molecular weight of less than 5,000
is selected from the group consisting of a phenoxy resin, a
carboxyl group-containing acrylic rubber, a carboxyl group-
containing acrylonitrile-butadiene rubber, a high-molecular
weight epoxy resin having a weight average molecular weight

20 of 30,000 to 80,000 and an ultra-high-molecular weight epoxy
resin having a weight average molecular weight of more than
80,000, and the high-molecular weighf component having a
weight average molecular weight of 30,000 or above and being
incompatible with the epoxy resin having a weight average

25 molecular weight of less than 5,000 is selected from the
group consisting of an acrylic rubber, an epoxy group-
containing acrylic rubber, an epoxy group-containing
acrylonitrile-butadiene rubber, an epoxy group-containing
polybutylené-rubber and an epoxy group-containing

30 polybutadiene.

13. The adhesive of claim 11 which further contains 0.1 to
10 parts by weight of a coupling agent.

—_——
T ————
m——
—_—
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30 for 96 hours in a pressure cooker adjusted to a tenperature of

121[err]ﬂlml "u dity of 100 % and a pressere—oat. _ - hPa, and
test pie mm,mmmli lm; been subjected to the "" =g in an
i nsul‘ation ofl feshectively, and al t er ngii ng- lur r enREPOLEEY \

appl i ed between the 35 copper foil and the al umi nEfFpFeFE=at—_ -oqm _

tenperature to 31
14. The adhesive of claim 13, wherein the coupling agent is

'a silane coupling agent.

15. The adhesive of claim 11 which further contains 0.5 to

5 10 parts by weight of an inorganic ion-adsorbent.

16. The adhesive of claim 15, wherein the inorganic ion-

adsorbent is an antimony-bismuth compound.

10 17. The adhesive of claim 11 whic¢h is cured to such a degree
that the adhesive has generated a heat of 10 to 40 % of a
total calorific value as measured by DSC which is generated

when the adhesive is cured completely.

15 18. The adhesive of claim 11 which further contains 13 to
38 % by volume of an inorganic filler based on a volume of

the adhesive.

19. The adhesive of claim 18, wherein the inorganic filler

20 is aluminé or silica.

20. The adhesive of claim 11, wherein the epoxy resin having
a weight average molecular weight of less than 5,000 is
selected from the group consisting of a bisphenol A liquid

25 epoxy resin having a weight average molecular weight of.500
or less, a bisphenol F liquid epoxy resin having a weight
average molecular welight of 500 or less, a phenol novolac
epoxy resin and a cresol novolac epoxy resin, the curing
agent is selected from the group consisting of a phenol

30 novolac resin, a bisphenol novolac resin and a cresol novolac

resin, and the cure accelerator is an imidazole compound.

21. An adhesive film produced by forming a layer of the
_ adhesive of any one of claims 1 to 20 on a base film.
35 _ I

il



measure_the vol tagﬁm" eI ectric breakdown. The unit of the
el ect risc, st rengt h uﬂ “mm" ’ | ght adhesi on: Test , —which |
Al

been: t~re~ate in a ressurescoo er (PCT) for 96 hourg

of- 121[err]C 5 at arelatlve hunmidity of 199 % at a p _
test pieces, which had not subjected to the PCT, were St
wherei n no deI am nati on was observed were- rated as ood"

wher ei n del ani 2t i dn vadhesieekarked metal rfoil pECd "by 1fprming arpe
amount of Uy oML SO It |dRy YBHE of oPERLEY OFS J016R ARSI

films of 100 mm di anmeter was made 1n t

adhesi ve Iayerﬁqihach of which was then di sposed between the reI ease
surface of a rel ease- treated pol yet hyl.eneterephthalate filmof 75
[err]mthick and an :
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15 afugjnun1plate of 2 mMmthick and 100 nm x 100 mm and bonded by
heatj mggnd pressing for 30 mnutes at a tenperature of 170[err]C at a
presitire of 1.96 MPa. Subsequently, the rel ease- treated '
pol yethyl enet erepht hal ate fil mwas peel ed Qo to measure the radi al
| ength of the resins exuded fromthe hole. 20 The radial Iength was used to
I ndi cate the anmount of exudati on. An anount of exudation of not nore
than 1.5 mm was rated as "good", andABSERAGF | arger value was rated as
"bad". Circuit filling: After the copper foils of an glass 25
cl oth base epoxy resin both-sided copper-clad |am nate (the t hi ckness
of the base materi ah: adhesfiser compriisilnge{d)ol0faphrts bycwppghtf offl a 35
[er]n) were %%h i%%%?a%?%%‘%595%6%5hre%1% Egbing a weight average
' 5 molecular weight of less than 5,000 and a curing agent, (2)
10 to 40 parts by weight of a high-molecular weight component
being dompatible with the epoxy resin and having a weight
average molecular weight of 30,000 or above, (3) 20 to 100
parts by weight of a high-molecular weight component being
10 incompatible with the epoxy resin and having a weight average
molecular weight of 30,000 or above, and (4) 0.1 to 5 parts
by weight of a cure accelerator. The adhesive is excellent
not only in moisture resistance, heat resistance, adhesive
strength at high temperature, heat dissipation, reliability
15 of insulation, crack resistance and flexibility but also in
circuit filling and tight adhesion, and exhibits suitable

flow properties.



pattefn gap: 0.5 mm), a filmobtained by peeling off the base filmfrom
each adhesive filmof 100 nm x 100 nm-and an 30 alum num plate of 2 nm

thick and 100 mm x 100 nmm were super posed, respectively, on the
patterned sides, and bonded by heatingZand pressing for 30 minutes at a
t enper at ure of 170[err]C at a pressure of 1.96 MPa. A section was

observed with FHa©PLd CAhdl FFrOSERPCinRBALt1 bASPrvfitaasNafdhahestve
tightly 35 adhered to the sides of copper circuits of the Ratterned

produced by preparing a varnish of a composition dissolved in
a solvent and heating the composition to dry, the composition
comprising (1) 100 parts by weight of a combination of an

5 epoxy resin having a weight average molecular weight of less
than 5,000 and a curing agent, (2) 10 to 40 parts by weight
of a compatible high-molecular weight component selected from
the group consisting of a phenoxy resin, a carboxyl group-
containing acrylic rubber, a carboxyl group-containing

10 acrylonitrile-butadiene rubber, each having a weight average
molecular weight of 30,000 or above, a high-molecular weight
epoxy resin having a welght average molecular weight of
30,000 to 80,000 and an ultfa high-molecular weight epoxy
resin having a weight average molecular weight of more than

15 80,000, (3) 20 to 100 parts by weight of an incompatible
high-molecular weight component having a Weight average
molecular weight of 30,000 or above and being selected from
the group consisting of an epoxy group-containing acrylic
rubber, an epoxy group-containing acrylonitrile—butadiene

20 rubber, an epoxy group-containing polybutylene rubber and an
epoxy group-containing polybutadiene, and (4) 0.1 to 5 parts
by weight of a cure accelerator.

The present invention further provides an adhesive film

produced by forming a layer of the above adhesive on a base

25 film, and an adhesive-backed metal foil produced by forming a

layer of the above adhesive on a metal foil.

BEST MODE FOR CARRYING OUT THE INVENTION
The epoxy resin to be used in the present invention may
30 be any one which exhibits adhering action on curing,
particularly one being difunctional and having a weight
average molecular weight of less than 5,000, preferably less
than 3,000. To improve fhe flowability at the time of
lamination, bisphenol A or bisphenol F liguid epoxy resins

35 having a weight average molecular weight of less than 500 are



32 - glass-cloth base epoxy both-sided copper-clad | am nate and

fillled the circuits wthout |eaving voids were rated as "good", and

t hose wherein voids were observed were rated as "poor". 5
Processability: The adhesive filns were pubBched, and t hose which were
cracked or scattered resin scraps or powder were rated as "poor", and
those free of, LO8%G RGP HRNA M Fe. Exdmbfds 35 '9P8Ghenol 1R or bisphenol
TABLE 3 anpl e Nos.

Conpar ati ve Bxdnigiuld epoxy resins having a weight average molecular
Nos. weight of less than 500 are EPIKOTE 807, EPIKOTE 827 and
EPIKOTE 828 (trade names) marketed by Yuka Shell Epoxy Co.,
5 Ltd., D.E.R. 330, D.E.R. 331 and D.E.R. 361 (trade names)
marketed by Dow Chemical Japan Co., Ltd., and YD 128 and YDF
170 (trade names) marketed by Tohto Kasei Co., Ltd.
To increase Tg, polyfunctional epoxy resins of tri-
" functionality or more, such as phenol novolac epoxy resins
10 and cresol novolac epoxy resins, may be used as a part of the
epoxy resin. When these polyfunctional epoxy resins are
used, they are preferably 10 to 50 % by weight based on the
total of the difunctional epoxy resins and the polyfunctional
epoxy resins. o BRI ' B
15 - Examples of phenol novolac epoxy resins are EPPN-201
(trade name) marketed by Nippon Kayaku Co., Ltd., and
examples 6f cresol novolac epoxy resins are ESCN-001 and
ESCN-195 (trade names) marketed by Sumitomo Chemical Co.,
Ltd. and EOCN 1012, EOCN 1025 and EOCN 1027 (trade names).
20 marketed by Nippon Kayaku Co., Ltd.

- Curing agents conventionally used as curing agents for -
epoxy resins may be used in the present invention as the
curing agent for the epoxy resin, and examples of the curing
agents are amines, polyamideé, acid anhydrides, polysulfides,

25 boron trifluoride and compounds having two or more phenolic
hydroxyl groups per molecule, such as bisphenol A, bisphenol
_F and bisphenol S. Phenol novolac resins, bisphenél novolac
resins and cresol novolac resins are particularly preferable
because of their excellent electrolytic corrosion resistance
30 on moisture absorption. These resins preferably have a
weight average molecular weight of 500 to 2,000, particularly
700 to 1,400.
Examples of the above particularly preferable curing
agents are PHENORITE LF 2882, PHENORITE LF 2822, PHENORITE
35 TD-2090, PHENORITE TD-2149, PHENORITE VH4150 and PHENORITE
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Preferred cure accelerators are imidazoles. Examples of
imidazoles are 2-methylimidazole, 2-ethyl-4-methylimidazole,
l-cyanoethyl-2-phenylimidazole and l-cyanoethyl-2-

10 phenylimidazolium trimellitate. '

Examples of commercially available imidazoles are 2E4MZ,
2PZ-CN and 2PZ-CNS (trade names) marketed by Shikoku Kasei
Kogyo Co., Ltd.

The compatible high-molecular weight component to be

15 wused in the present invention preferably has a weight average
molecular weight of 30,000 to 300,000, more preferably 45,000
to 200,000, to reduce the tackiness of the adhesive cured to
B-stage and to improve the flexibility after curing. High-
molecular weight epoxy resins which may be used have a weight

20 average molecular weight of 30,000 to 80,000, ultra high-
molecular weight epoxy resins which may be used have a weight
average molecular weight of more than 80,000, preferably
80,000 to 200,000.

Examples of phenoxy resins are PHENOTOHTO YP-40,

25 PHENOTOHTO YP-50 and PHENOTOHTO YP-60 (trade names) marketed
by Tohto Kasei Co., Ltd. High-molecular weight epoxy resins
having a weight average molecular weight of 30,000 to 80,000
and ultra high-molecular welght epoxy resins having a weight
average molecular weight'of more than 80,000 can be produced

30 by the methods disclosed in the specifications of U.S. Patent
Nos. 5,391,687, 5,225,268 and 5,304,399. Examples of the
reactive rubber containing functional groups of high polarity
are a carboxyl group-containing acrylonitrile-butadiene
rubber (trade name: PNR-1) marketed by Japan Synthetic Rubber

35 Co.,'Ltd. and a carboxyl group-containing acrylonitrile-
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and a curing agent therefor and both of hi gh-

Kagaku Sangyo Co., Ltd.

5 The amount of the compatible high-molecular weight
component is 10 to 40 parts by weight, preferably 20 to 30
parts by weight, per 100 parts by weight of the total of the
epoxy resin and the curing agent. If the amount of the high-
molecular weight component is less than 10 parts by weight,

10 the flexibility of the phase composed mainly of the epoxy
resin (hereinafter, will be referred to as epoxy resin phase)
may be insufficient, or insulation may decrease due to
lowered tackiness or cracks. If it is more than 40 parts by

weight, the Tg of the epoxy resin phase may decrease.



33 - nol ecul ar wei ght conponent conpatible with the epoxy resins

and a hi gh-nol ecul ar wei ght conponent inconpatible with the epoxy
resins. They were excellent in electric strength and ti ght adhesion
after the PCT treatnment, and were as well %1 excellent in cracking
resistance, flexibility and. processability. They are useful as

adhesives for wirifige prefORFES LRSAYSEnd "E¥oVE' FaRlSls XhBbIBAtible! A gh-

anmount of ,
molecular weight components are epoxy group-containing

acrylic rubbers, particularly epoxy group-containing acrylic
_ rubbers which are copolymerization products of (a) 18 to 40 $%
5 by weight of acrylonitrile, (b) 2 to 6 ¥ by weight of
glycidyl acrylate or glycidyl methacrylate as a functional
group-containing monomer and (c¢) 54 to 80 % by weight of
ethyl acrylate, éthyl methacrylate, butyl acrylate or butyl

methacrylate, and have a glass transition temperature of -

10 10°C or higher and a weight averagé molecular weight of
800,000 or above, such as HTR-860P-3 (trade name) marketed by
Teikoku Kagaku Sangyo Co., Ltd. Other functional group-
containing monomers, for example carboxylic acid types, such
as acrylic acid, or hydroxyl group types, such as

15 hydroxymethyl acrylate or hydroxymethyl methacfylate, are
undesirable since they accelerate cross-linking, to cause
gelation of varnish or to decrease the adhesive strength due
to increased cure degree in B-stage state. Glycidyl acrylate
and glycidyl methacrylate to be uséd as the functional group-

20 containing monomers may be used individually or in
combination, in a copolymerization ratio (when used in
combination, the total copolymerization ratio) of 2 to 6 % by
weight. If the amount of glycidyl acrylnte and glycidyl
methacrylate 1s less than 2 % by weight, adhesive strength

25 may be insufficient, and if it is more than 6 % by weight,
gelation tends to occur. Etnyl acrylate, ethyl methacrylate,
butyl acrylate and butyl methacrylate may be used
individually or in combination or two or more, and the

copolymerization ratio (when used in combination, the
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resins. It also had a low electric strength after the PCT treat ment.
5 copolymers is 10°C or higher, preferably -10°C to 30°C. The

polymerization may be performed, for examplé, by pearl
polymerization or emulsion polymerization.

The content of polymerized acrylonitrile in the epoxy
group-containing acrylic rubbers is 18 to 40 & by weight. If

10 it is less than 18 % by weight, the adhesive may become poor
in solvent resistance and be attacked by solvent in following
work processes, and if it is more than 40 % by weight, the

'_compatibility of the copolymers with other components may be
decreased, or the copolymerization may become difficult.

15 The epoxy group-containing acrylic rubbers to be used
have a weight average molecular weight of 800,000 or above.
The reason is that those having a weight average molecular
weight of 800,000 or above.cause little decrease of the
strength and flexibility and 1ittlé increase of tackiness of

20 adhesives in sheet or film form, and also prevent excessive
increase of flowability which makes the control of resin
exudation difficult. The weight average molecular weight of
the epoxy group-containing acrylic rubbers is preferably

‘ 2,000,000 or lower because the flowability and circuit

25 filling of the adhesive decrease with increasing molecular
weight.

To pfevent the decrease of the strength of film and the
increase of tackiness, the content of the incompatible high-
molecular weight component, such as the above epoxy group-

30 containing acrylic rubbers, is at least 20 parts by weight.
Also it should be 100 parts by weight or less because the
rubber component phase increases and the epoxy resin phase
decreases with increasing content of the incompatiblé high-

molecular weight component, thereby decreasing reliability of



25 EXAMPLES 12- 14 AND COMPARATI VE EXAMPLES' 10- 12 Each of the

adhesi ves prepared in Exanples 9-11 and - Conpar ati ve Exanpl es 7-9 was
m xed with al um na powder (average particle size: 0.5 [err]m produced
| by Showa Denko Co., Ltd., trade name: 18L-160SG- 1) in a ratio of 80 %

by volune 30 (100 parts by volume) of the adhesive (solids including
resins) and Ahdetie wWe 1{1(?1@1 PeémBePa tHPL Y MAbatl rbBestancel WA MmAWESFe
uc

and an adhesive filmwas pro ed by using the m xture in the sane
manner as i nUe&fhanae. 35 EXAVPLE 15

In addition, by the combined use of the high-molecular
weight component being compatible with the epoxy resin and
5 the high-molecular weight bomponent being incompatible with
the epoxy resin and having such a high weight average
molecular weight of 30,000 or above, molecules compatible
with the epoxy resin and molecules incompatible with the
epoxy resin tangle each other, thereby preventing extension '
10 of cracks which may occur due to phase separation.
To improve the interfacial bonding between different
materials, coupling agents may be added to the adhesive.
Preferred coupling agents are silane coupling agents.

Examples of silane coupling agents are
15 7 -glycidoxypropyltrimethoxysilane,
7 -mercaptopropyltrimethoxysilane,
7Y -aminopropyltriethoxysilane,
T-ureidopropyltriethoxysiiane and
N-ﬁ-aminoethyl-?—aminop:opyltrimethoxysilane.

20 These coupling agents are marketed by Japan Unicar Co.,
Ltd. in the trade names of NUC A-187-for T-
glycidoxypropyltrimethoxysilane, NUC A-189 for 7 -
mercaptopropyltrimethoxysilane, NUC A-1100 for 7 -
aminopropyltriethoxysilane, NUC A-1160 for 7-

25 ureidoprdpyltriéthoxysilane and NUC A—1120 for;N-B-
aminoethyl- 7 -aminopropyltrimethoxysilane, and may be used
suitably.

Considering effects, heat resistance and cost, the
content of coupling agents is preferably 0.1 to 10 parts by

30 weight, more preferably 0.1 to 5 parts by weight, per 100
parts by weight of the epoxy resin.

Inorganic ion-adsorbents may also be added to improve

the insulation reliability on moisture absorption by



34 S The adhesive prepared in Exanple 9 was mixed with silica

powder (average particle size: 5-6 [err]m produced by Denki Kagaku

Kogyo Co., Ltd., trade nanme: FB-301) in aratio of 80 % by vol unme (100

~parts by volune) of the adhesive and 18
exudation and circuit filling of the adhesive appropriately.
DSC is based on the principle of the null method wherein heat
is added or taken away to always cancel the temperature
difference between a sample from a standard material which

5 does not cause exotherm or endotherm within the range of

measuring temperature, and may be performed by using
commercially available measuring apparatuses. The reaction
of the resin compositioné is an exothermic reaction, and when
a sémple'is heated at a uniform rate of heating, the sampie

10 reacts to generate heat. From a chart of the generated heat
made by DSC, the calorific value generated by the sample,
namely the area which is surrounded by the exotherm curve and
the base line of the standard material, is obtained. The
measurement of the calorific value is carried out by

15 increasing the temperature from room temperature to 250°C at
a rate of heating of 5 to 10°C/min. This measurement can be
performed easily by using DSC analyzers by which these
procedures are performed automatically. The heat generated
by an adhesive during the drying following to the application

20 to the above base film or metal foil is obtained as follows.

| First solvents are dried away at 20°C with a vacuum dryer to

obtain a sample which is not yet cured. The total calorific
value A (J/g) generated by the sample is then measured.
Subsequently, the calorific value B of another sample which

25 has been dried after application is measured. The degree of
cure C (%) 6f the latter sample, which has generated.some
heat by the drying after the application, is obtained using
the following equation. '

30 C (%) = (A-B) x 100/A

The epoxy resin base adhesive of the present invention
is characterized in that the epoxy resin occupies a large:
portion of the total of the epoxy resin and the incompatible

- 35 high-molecular weight component, such as an epoxy group-



5 20 % by vol une (25 parts by vol une) of the silica powder, and an

adhesive filmwas produced by using the mxture in the sane nmanner as

in Exanple 9. EXAMPLE 16 10 The adhesive prepared in Exanple 9

was mxed with sphere al um na powder 8verage particle size: 10
“[err]m produced by Showa Denko Co., Ltd., trade name: AS-50) in a

ratio of 65 %ontatying | 46Ey1180raBhé s, bYSiﬁbH”Eﬁréa éBSx?dB€§iﬁ§ ﬁ§9?35(%

by vol une (55 arts volune of the sphere alumna po

adhesi ve fil rﬁ%&tg lbyT@sm@ swednmsafﬁterenreﬁéstancgarrthﬁamerease

in Exanple 9.4n the ratio of epoxy resins improves moisture resistance and
-heat resistance. The problems of handling, such as the
5 decreases of film strength and flexibility and the increase
of tackiness, which have been inevitable for conventional
adhesive sheets, are solved by the following methods.
1) Moisture resistance is improved by using the epoxy
- resin as the main component. '
10 ' 2) The film strength and flexibility of the adhesive
film are ensured by adding, even in a small amount, the
incompatible high-molecular weight component being
incompatible with the epoxy resin and having a great
molecular weight, particularly an epoxy group-containing
15 acrylic rubber.

3) Tackiness is reduced by adding the compatible high-
molecular weight component and having-a welght average
molecular weight of 30,000 or above.

4) Particularly, the epoxy group-containing acrylic

20 rubber described above endows the adhesive with electric
strength and electrolytic.corrosion resistance.

5) By adding inorganic fillers, tackiness can be further
reduced and cracking resistance can be further improved.

The problems of flowability and circuit f£filling, which

25 accompany the increase of the epoxy resin content, are solved
as follows by using the abbve-described epoxy group-
containing acrylic rubber as the high-molecular weight
component being incompatible with the epoxy resin.

In this invention, the epoxy resin and the compatible

30 high-molecular weight component form a uniform phase, and by
using the epoxy group—containing acrylic rubber as the
incompatible highfmoleCular weight componeht, the epoxy
groups contained in the epoxy group-containing acrylic rubber
partially react with them by the drying with heat, to cause

35 overall cross-linking and gelation, with some of the epoxy
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EXAMPLE 11
An adhesive film was produced in the same manner as in
Example 9, except that the amount of the epoxy group-

10 containing acrylic rubber used in‘Example 9 was changed to 50
parts by weight. The degree of cure of the adhesive in this
stage as measured using a DSC was such that the adhesive had
generated a heat of 20 % of the total calorific value
generated by complete cure of the adhesive. The THF-

15 extraction percentage was 35 % by weight.-

COMPARATIVE EXAMPLE 7

An adhesive film was produced in the same manner as in
Example 1, except that the epoxy group-containing acryiic

20 rubber used in Example 1 was replaced by a non-modified
acrylic rubber (produced by Teikoku Kagaku Sangyo Co., Ltd.,
trade name: HTR-SGO). The degree of curé of the adhesive in
this stage as measured using a DSC was such that the adhesive
had generated a heat of 20 % of the total calorific value
. 25 generated by complete cure of the adhesive.. The THF-

extraction percentage waé 90 % by weight.

COMPARATIVE EXAMPLE 8
An adhesive film was produced in the same manner as in

30 Example 9, except that the epoxy group-containing acrylic

rubber used in Example 9 was not used. The degree of cure of

the adhesive in this stage as measured using a DSC was such

that the adhesive had generated a heat of 20 % of the total

calorific value generated by complete cure of the adhesive.
35 The THF-extraction percentage was 90 % by weight.



Each ‘adhesi ve- backed copper foil thus produced was cut off to 30 nmm Xx
30 nn superposed on an alum num plate of 2 nmmthick and 30 mm x 30 mm
wi th the adhesive side being in contact 353Omﬁth the al um num pl ate, and

- bonded by heating and pressing
35 for 30 mnutes at a tenperature of 170[err]C at a pressure of

COMPARATIVE EXAMPLE 9
An adhesive film was produced in the same manner as iﬁ
Example 9, except that the amount of the epoxy group-

5 containing acrylic rubber used in Example 9 wds increased to
80 parts by weight. The degree of cure of the adhesive in
this stage as measured using a DSC was such that the adhesive
had generated a heat of 15 % of the total calorific value
generated by complete cure of the adhesive. The THF-

10 extraction percentage was 25 $% by‘weight.

The adhesive films produced in Examples 9-11 and
Comparative Examples 7-9 were examined for the flexibility
and cracking resistance of cured products,

15 After the base films were peeled off, each adhesive film
was disposed betwéen a copper'foil of 35 Um thick and 50 mm
X 50 mm and an aluminum plate of 2 mm thick and 50 mm x 50
mm, and then bonding was performed by heating and pressing
for 30 minutes at a temperature of 170°C and at a pressure of

20 1.96 MPa. The copper foil was then etched, leaving a
central, circular portion of 20 mm diameter not etched.
Subsequently, the electric strength between the copper foil
and the aluminum plate was measured. The results are shown

~ in Table 3.

25 The testing methods are as follows. )

Flexibility, cracking resistance: Each adhesive film was
wound around a cylinder of 10 mm diameter at 25°C and was
then examined for the presence of cracks.

Electric strength: Test pieces, which had been placed

30 for 96 hours in a pressure cooker adjusted to a temperature
of 121°C, a relative humidity of 100 % and a pressure of 2026
hPa, and test pieces, which had not been subjected to the
PCT, were dipped in an insulation oil respectively, and
alternating-current voltages were then applied between the

35 copper foil and the aluminum plate at room temperature to
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TABLE 4 “poor |
Comapr at i ye Exa”phﬁrocessability: The adhesive films were punched, and

those which were cracked or scattered resin scraps or powder

were rated as "poor”, and those free of these phenomena were

rated as "good”.

10 TABLE 3

Example Nos. Comparative Example
Nos.
9 10 11 7 8 9
Epoxy resin EPKOTES828 - 30| 30| 30 30 | 30| 3
ESCN-001 10 10 10 10 10 10
Curing agent PHENORITELF2882 | 25 2% 25 25 25 2%
Compatible high-molecular | YP-50 10 0 10 10 10 10
weight component PNR-1 0 10 0 0 0 0
Incompatible high-molecular | HTR-860P-3 30 (.30 { 30 0 0
weight component HTR-860 0 0 0 40 0 0
Cure accelerator 2PN-CN 05 ] 05 ] 05| 05| 05 | 05
Silane coupling agent NUC A-187 05 | 05 | 05 ) 05 | 05 | 05
Electric strength (k) -
(before PCT) 75| 713 | 72| 45 | 73| 32
Blectric strength (kV)
(ahterPCT) 62 | 59 | 61 13 ] 60 | 10
Cracking resistance Good | Good | Good | Good | Poor | Good
Flexibility Good | Good | Good { Good | Poor | Good
The amount of exudation Good | Good | Good | Good | Bad | Good
Circuit filing Good | Good | Good | Good | Good | Poor
Tight adhesion (before PCT) Good | Good | Good | Good | Good | Good
Tight adhesion (after PCT) Good | Good | Good | Poor | Good | Good
Processability : Good | Good | Good | Good | Poor | Good

HTR~-860P-3: epoxy group~containing acrylic rubber
HTR-860: non-modified acrylic rubber

15 A1l the adhesives of Examples 9-11 contained epoxy
resins and a curing agent therefor and both of a high-



Exanple Nos. Nos.

9 .12 , 13 14 15 16 10 11
12 Conposition to Not
Conp. Conp. Conp. which filler was added Ex.9[err]
Ex.10[err] Ex.11[err] Ex.9[err] Ex.9[er33 Ex.7[err] Ex.8[err]
Ex29[err] added Thermal resistance 3.0 1.2

r 1
filler 20% b)‘/“(é)vl cular gﬁe%r%h}a crg%n ne tavceorri%agtjb%]ﬁ |véilteﬁs£i]§§ é%oﬂrV%??ins )
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t hat the adhadights athdssion reftemithe PCEBffreatmeyt hcand gvexe pasi valli | | ers

had decreas
5 e%;ég leﬂt in cracking resistance, flexibility and

processability. They are useful as adhesives for wiring
boards because they were also excellent in the amount of
exudation and circuit filling.
As compared with the adhesive of Comparative Example 7
10 containing a non-modified acrylic rubber as high-molecular
weight component incompatible with the epoxy resin,.those of
Examples 9-11 containing an epoxy group-containing acrylic
rubber as the high-molecular weight component incompatible
with the epoxy resins were superior in electric strength and
15 tight adhesion.

. The adhesive of Comparative Example 8 had poor
flexibility due to the absence of the high-molecular weight
component incompatible with the epoxy resins. The adhesive
of Comparative Example 9 was inferior in flowability and

20 circuit filling due to the excessive amount of the high-
molecular weight component incompatible with the epoxy
resins. It also had a low electric strength after the PCT

treatment.

25 EXAMPLES 12-14 AND COMPARATIVE EXAMPLES 10-12
Each of the adhesives prepared in Examples 9-11 and
Comparative Examples 7-9 was mixed with alumina powder
(average particle size: 0.5 Um, produced by Showa Denko Co.,
Ltd., trade name: AL-160SG-1) in a ratio of 80 % by volume
30 (100 parts by volume) of the adhesive (solids including
resins) and 20 %'by volume (25 parts by volume) of the
alumina powder, and an adhesive film was produced by using

the mixture in the same manner as in Example 9.

.35 EXAMPLE 15



resi stance, indicating inproved heat dissipation, and were 20 also

excell ent in noisture resistance, heat resistance, cracki ng
resi stance, flexibility, circuit filling and tight adhesi on.

. | NDUSTRI AL APPLI CABI LI TY 25 As descri bed above, the adhesive,

- adhesive filmand adhesi ve- backed net 84 foil of the present invention
are so

The adhesive prepared in Example 9 was mixed with
silica powder (average particle size: 5-6 Um, produced by
Denkl Kagaku Kogyo Co., Ltd., trade name: FB-301) in a ratio
of 80 % by volume (160 parts by volume) of the adhesive and

5 20 % by volume (25 parts by volume) of the silica powder, and
an adhesive film was produced by using the mixture in the

same manner as in Example 9.

EXAMPLE 16 _ ‘

10 The adhesive prepared in Example 9 was mixed with sphere
alumina powder (average particle size: 10 U4m, produced by
Showa Denko Co., Ltd., trade name: AS-50) in a rat16 of 65 %
by volume (100 parts by volume) of the adhesive and 35 % by
volume (55 parts by volume) of the sphere alumina powder, and

15 an adhesive film was produced by using the mixture in the

same manner as in Example 9.

The adhesive films produced in Examples 12-14 and

Comparative Examples 10-12 were examined for the flexibility
20 and cracking resistance of cured products. | '

The electric strength between a copper foil and an
aluminum plate was measured in the same manner as in Examples
9-11 and Comparative Examples 7-9. The results were the same
as those of Examples 9-11 and Comparative Examples 7-9,

25 respectively.

Adhesive-backed metal foils were produced in the same
manner and under the same conditions as in Example 9, except
that the adhesive varnishes prepared in Examples 9, Examples
12-16 and Comparative Examples 10-12 were used, and that a

30 copper foil of 35 Um thick was used in place of the release-
treated polyethyleneterephthalate film used in Example 9.
Each adhesive-backed copper foil thus produced was cut off to
30 mm x 30 mm, superposed on an aluminum plate of 2 mm thick
and 30 mm x 30 mm, with the adhesive side being in contact

35 with the aluminum plate, and bonded by heating and pressing



36 excellent in noisture resistance as to be deteriorated little

by tests for noisture resistance under severe conditions, such as PCT
- treatnent, and are also excellent in heat resi stance, adhesion strength
+ at high tenperature, heat 5 dissipation, reliability of insulation,
cracki ng resistance and flexibility. F3Pt her, because of the pr oper
flowability of the adhesive of the present invention, the adhesive,
2?2e5|ve r:|Eb&n?PaQWEWﬂﬁkbﬁﬁ%ﬁ&dﬁﬁé&aﬁﬁté of 1he°praSeatpressumeeof|on
as e %X%% M%gt I%ﬁg ggggeglf01fqm§gdtﬁé tégedadgggvgﬂg a

central, rectangular portion of 10 mm x 14 mm not etched.
After a transistor (2SC2233) was soldered to the copper
5 foil of the test piece, thé test piece was placed on a heat
dissipation block, with the aluminum plate being in contact
with the dissipation plate, and an electric current was then
applied to the transistor. The temperature (Tl) of the
transistor and the temperature (T2) of the heat dissipation
10 block were measured, and the thermal resistance (X) was
calculated from the measured values and the applied power (W)

using the above-described equation. The results are shown in

Table 4.
15 : TABLE 4
Example Nos. ' e
: Nos.
9 12 13 14 15 16 10 11 12
Composition to
. Not 9 A 9 2 3 Comp. | Comp. | Comp.
which filler was added Ex9® | Ex10" | Ex 11| Ex9° | Ex9 B 7 | Ex8” | Ex9?
added
Thermal resistance
30 12 12 12 16 08 12 12 13
¢ CW)

1) filer 20 % by volume: alumina powder (average particle size: 05 1 m, AL-160SG-1)
2) filler 20 % by volume: siica powder (average particle size: 56 1.m, FB-301)
3)filer 35 % by volume: sphere alumina powder (average particle size: 10 tm, AS-50)

Table 4 shows that the adhesives cohtaining high
efficiency heat dissipation fillers had decreased thermal
resistance, indicating improved heat dissipation, and were

20 also excellent in moisture resistance, heat resistance,
cracking resistance, flexibility, circuit filling and tight

adhesion.

INDUSTRIAL APPLICABILITY
25 As described above, the adhesive, adhesive film and
adhesive-backed metal foil of the present invention are so
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CLAIMS

1. (Amended) An adhesive produced by preparing a varnish of
a composition dissolved in a solvent and heating the
composition to dry, the composition comprising (1) 100 parts
by weight of a combination of'an epoxy resin having a weight
aVerage molecular weight of less than 5,000 and a curing
agent, (2) 10 to 40 parts by weight of a compatible high-
molecular weight component selected from the group consisting
of a phenoxy resin, a carboxyl grdup-containing acrylic
rubber, a carboxyl group-containing acrylonitrile-butadiene
rubber, each having a-weight average'moléculaf weight76f
'30,000 or above, a high-molecular welght epoxy resin having a
welight average molecular weight of 30,000 to 80,000 and an
ultra high-molecular weight epoxy resin having a weigﬁt '
average molecular weight of more thah 80,000, (3) 20 to 100
parts by weight of an incompatible high-molecular weight
component having a weight average molecular.weight of 30,000
or above and being selected from the group consisting of an
epoxy group-containing acrylic rubber, an epoxy group-
containing acrylonifrile-butadiene rubber, an epoxy group-
containing polybutylene rubber and an epoxy group-containing.
polybutadiene,'and (4) 0.1 to 5 parts by weight of a cure

accelerator.

2. The adhesive of claim 1 which further contains 0.1 to 10
parts by weight of a coupling agent.

3. The adhesive of claim 2, wherein the coupling agent is a

silane coupling agent.

4, The adhesive of claim 1 which further dontains 0.5 to 10

parts by weight of an inorganic ion-adsorbent.

Sheet Has Been RTlaced

|||I|I I |\|I il




CLAIMS  ~ = dhesi ve produced by preparing a varnish of
a conposi ti in a solvent and heating the 5 conposition to dry,
t he conp05|fﬂn E ﬁ ’ "ﬂl) 100 parts by wei ght of a conbi nation of
. an _epoxy reskn tiavi sVeRght average nol ecul ar wei ght of |less than
5,000 and a curing agent, (2) 10 to 403Barts by weight of a conpatible
hi gh- nol ecul ar wei ght conponent sel ected fromthe group consisting 10
of ‘a phenoxy g esi @ LHHIVE GF WHPaHR™ A1 vl B4 #hé Cinorganbieiona
carboxyl. group-containing acrylonitrile-butadiene rubber, each having a
wei ght ~ aver agssmirkent ais vt gintimony-bhematly ¢PmRAERE: a hi gh- ol ecul ar
wei ght epoxy resin having a wei ght average nol ecul ar wei ght of 30, 000

to 80,000 and an 15 ultra high-nol ecul ar wei ght epoxy resin having a wei ght
6. The adhesive of claim 1 which is cured to such a degree

5 +that the adhesive has generated a heat of 10 to 40 % of a
total calorific value as measured by DSC which is generated

when the adhesive is completely cured.

7. The adhesive of claim 1 which further contains 13 to
10 38 % by volume of an inorganic filler based on a volume of
the adhesive. '

8. The adhesive of claim 7, wherein the inorganic filler is
alumina or silica.

15
9. (Deleted)

10. The adhesive of claim 1, wherein the epoxy resin having
a weight average molecular weight of'less than 5,000 is
20 selected from the group consisting of a bisphenol A liquid
epoxy resin having a weight average molecular weight of 500
or less, a bisphehol F liquid epoxy resin having a weight
average molecular weight of 500 or less, a phenol novolac
epoxy resin and a cresol novolac epoxy resin, and the curing
25 agent is selected from the group consisting of a phenol
' novolac resin, a bisphenol novolac resin and a cresol novolac

resin, and the cure accelerator is a imidazole compound.

11. (Amended) The adhesive of claim 1, wherein the
30 incompatible high-molecular weight component is an epoxy
group-containing acrylic rubber which is a copolymerization
product of (a) 18 to 40 % by weight of acrylonitrile, (b) 2
to 6 % by weight of glycidyl acrylate or glycidyl '
methacrylate as a functional group-containing monomer and (c)
35 54 to 80 % by weight of ethyl acrylate, ethyl methacrylate,



aver age nol ecul ar wei ght of nore than 80,000, (3) 20 to 100 parts by

wei ght of an i Inll lwlﬂ -nol ecul ar wei ght conponent having a
. wei ght aver aglmmm:l r"' i| Et of 30,000 or above and being sel ected
- fromthe group* cdnsitstng®of* an 20 epoxy group cont ai ni ng acrylic rubber,

an epoxy group- ~containing acryl oni triP&-butadi ene rubber, an epoxy
gr oup- cont ai ni ng pol ybutyl ene rubber and an epoxy group- containing
pol ybut adi engyu3Ad ddbythte tOr oweyl Smé¥ndBrghhtel andchae a gl&%@e| erator.
25 2. The adhe3|ve of claim1l which further containsg 0.1 to_10

parts by wei gmanssltsion ksmpRratiare. of -10°6 oxng QHﬁeQF‘geaof"e&I%tmaZ’erage
wherein the gRldihRGfghe &£ 3800 5bbaNErcaBBYENY agent.

5 12. (Amended) The adhesive of claim 1, wherein the
compatible high-molecular weight component is a phenoxy
resin, and the incompatible high-molecular weight component
is an epoxy group-containing acrylic rubber.

10 13. The adhesive of claim 11 which further contains 0.1 to
10 parts by weight of a coupling agent.
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Z§L¥§O?Q~EL9LDLA‘MDLCh further contains 0.5 to 10 parts by
' ani ¢ i on-adsor bent.
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14. The adhesive of claim 13, wherein the coupling agent is

a silane coupling agent.

15. The adhesive of claim 11 which further contains 0.5 to
10 parts by weight of an inorganic ion-adsorbent.

16. The adhesive of claim 15, wherein the inorganic ion-

adsorbent is an antimony-bismuth compound.

17. The adhesive of claim 11 which is cured to such a degree
that the adhesive has generated a heat of 10 to 40 % of a
total calorific value as measured by DSC which is generated
when the adhesive is cured completely. '

18. The adhesive of claim 11 which further contains 13 to
38 % by volume of an inorganic filler based on a volume of
the adhesive.

19. The adhesive of claim 18, wherein the inorganic filler

is alumina or silica.

20. The adhesive of claim 11, wherein the epoxy resin having
a weight average molecular weight of less than 5,000 is
selected from the group consisting of a bisphenol A liquid
epoxy resin having a weight average molecular weight of 500
or less, a bisphenol F liquid epoxy resin having a weight
average molecular weight of 500 or less, a phenol novolac
epoxy resin and a cresol novolac epoxy resin, the curing
agent is selected from the group cpnsisting of a phenol
novolac resin, a bisphenol novolac resin and a cresol novolac

resin, and the cure accelerator is an imidazo;e compound.

21. (Amended) An adhesive f£ilm produced by forming a layer
of the adhesive of any one of claims 1 to 8 and 10 to 20 on a
base f£ilm. '



6. The adheSLMQ—QL—E%ELH%éarhiCh is cured to such a degree 5 that the
adheS|ve has generate of 10 to 40 % of a total calorific val ue
as neasure &”ﬂﬂﬂm gener at ed when the adhesive is conpletely

. cured. ”ﬁi’ ve of claim1 which further contains 13 to 10

38 % by volune oft all i morganic filler basefilon a vol une of t he
adhesi ve. 8. The adhesive of claim7, wherein the inorganic filler
is alumina or silica. 15

22. (Amended) An adhesive-backed metal foil produced by
forming a layer of the adhesive of any one of claims 1 to 8
and 10 to 20 on a metal foil.



9. (Deleted) * 10. The adhe5|ve of cIa|n11 whef e

havi:ng a wei ght average nol ecul ar wei ght of les

sel ect.ed fromthe group consisting of a bi sphenol | i

having a weight average nol ecul ar- wei ght of 500 |0

li quid epoxy resin having a wei ght aveﬂébe mol gcul ar melght of 590
| ess, a phenol novolac epoxy resin and a cresol novolac Epoxy—t+esin,

and the curi NG A% 12 Ao liyinexal Raiiem fﬂmd)hasgrﬂlup:oc(&GBI%Stbmgi&lfgmi rmmhals
novol ac resin, a bisphenol novol ac resin a - novol a esi

and the cure aﬁﬁ:lécéifeﬁ sonsidering Ihe érgcd#pcﬁ’r‘?d produc ff’po(aﬂ'r%eﬁc?ed) %e
adhesi ve of Cléﬁénfg WerKidly tian -10°C, adhesive film cured to B-stage

becomes too tacky to handle. Therefore, the Tg of the
5 copdlymers is:&gﬂ;lor higher, preferably -10°C to 30°C. The
-polymerization may be performed, for example, by pearl
polymerization or emuision polymerization.
' The content of polymerized acrylonitrilé in the epoxy

group-containing acrylic rubbers is 18 to 40 % by weight. If

10 it is less than 18 % by weight, the adhesive may become poor
in solvent resistance and be attacked by solvent in following
work processes, and if_it is more than 40 ¥ by weight, the
compatibility of the copolymers with other components may be
decreased, or the copolymerization may become difficult.

15 The epoxy group-containing acrylic rubbers to be used
have a weight average molecular weight of 800,000 or above.
The reason is that those having a weight average molecular
weight of 800,000 or above.cause little decrease of . the
strength and flexibility énd little increase of tackiness of

20 adhesives in sheet or film form, and also prevent excessive
increase of flowability which makes the control of resin
exudation difficult. The weight average molecular weight of
the epoxy group-containing acrylic rubbers is preferably
2,000,000 or lower because the flowability and circuit

25 filling of the adhesive decrease with increasing molecular
weight.

To prevent the decrease of the strength of film and the
increase of tackiness, the content of the incompatible high-
molecular weight component, such as the above epoxy group-

30 containing acrylic rubbers, is at least 20 parts by weight.
Also it should be 100 parts by weight or less because the
rubber component phase increases and the epoxy resin phase
decreases with increasing content of the incompatible high-
molecular weight component, thereby decreasing reliability of
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Ltd., trade name: IXE600) as an inorgaﬁiu o qdaprcut, wés
added 150 parts by weight of methyl ethyl ketone, and mixed
with a beads mill. After the viscosity was adjusted by

adding 30 parts by weight of methyl ethyl ketone, the mixture

‘was vacuum-degasified.

The obtained varnish was applied to a release-treated
polyethyleneterephthalate film of 70 4m thick, heated at
110°C for 15 minutes to dry, to give an insulation adhesive

film which was a coating of 80 4m thick being in B-stage.

EXAMPLE 2

An insulation adhesive film was produced in the same
manner as in Example 1, except that the phenoxy resin was
replaced by the same amount of a carboxyl group-containing
acryionitrile-butadiene rubber (weight average molecular

weight: 400,000, produced by Japan Synthetic Rubber, Co.,
Ltd., trade name: PNR-1).

EXAMPLE 3 (for reference)

An insulation adhesive film was produced in the'same
manner as in Example 1, except that the amount of the phenoxy
resin was reduced to 20 parts by weight, 20 parts by weight
of the same carboxyl group-containing acrylonitrile-butadiene
rubber as used in Example 2 was added, and thg epoxy resin-
containing acrylic rubber was replaced by 40 parts by weight
of a non-modified acrylic rubber (produced by Teikoku Kagaku
Sangyo Co., Ltd., trade name: HTR-860).

EXAMPLE 4

An insulation adhesive film was produced in the same

manner as in Example 1, except that the inorganic ion-
adsorbent was not used.

COMPARATIVE EXAMPLE 1



butyl acrylate or butyl nethacryl ate and has a gl as
tenperature of -10. C or above and a wei ght average
above. 5 12. (Amrended) The -adhesive of
conpati bl e hi gh-nol ecul ar wei ght conponent 'is a phe
i nconpati bl e hi gh-nol ecul ar wei ght conponest IS
group-contai ning acrylic rubber. 10 13. The adhes

800, 000 or

further contains %1%0%%ic st%gng%ﬁESAb¥es | Qgcot a coHpilgg!agent. o
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for 96 hours in a pressure cooker adjusted to a temperature

©of 121°C, a humidity of 100 % and a pressure of 2026 hPa, and

another test piece, which had not been subjected to the pCT,

were dipped in an insulation oil respectlvely, and

‘alternating-current voltages were then applied between the

copper foil and the aluminum plate at room temperature to
measure the wvoltage which caused dielectric breakdown. The
unit of the electric strength'ls kv.

TABLE 1 B
EXAMPLES COMPARATIVE
EXAMPLES
l 2 3 4 t 2 3
S for reference)
Electric strength 75 1 73 7.2 72 | 45 | 73 | 32
(before PCT) .
Electric strength 62 | 59 6.1 25 |13 |60 | Lo
(after PCT)
Cracking resistance | good | good good good | good | poor | good
Flexibility good | good good good | good | poor | good

All the adhesive compositions prepared in Examples 1-4
contained an epoxy resin and a curing agent therefor, a high-
molecular weight component compatible with the epoxy resin
and a high-molecular weight component incompatible with the
epoxy resin. It is shown that because of their structures |
consisting of a phase containing an epoxy resin' and a
compatible high-molecular weight component and a phase
containing an incompatible high-molecular weight component,
they were significantly improved in cracking resistance as
compared to the one consisting of a uniform phase

.(Comparative Example 2).

The resin composition of Comparative Example 1 had a low
electric strength due to the absence ¢f a high-molecular

weight component compatible with the epoxy resin. That of

Comparative Example 2 exhibited poor cracking resistance due
to the absence of a high-molecular weight component



14. The adhesive ‘of claim13, wherei n the coupling tEEFLACENEﬁﬁb;.
coupl ing agent. *15.. The adhesive of claim 1l whi arTher
0.5 to 5 10 parts by weight of an inorganic ion-adsqrH
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calculated from the measured values and (W)
using the following equation 1. The results are shown in
Table 2. .

X = (Tl-TZj/W ' (1)

EXAMPLE NOS. COMPARATIVE
.EX.NOCS
1 5 6 7 8 4 | s 6
(for reference)
Composition to Not Ex.l | Ex.2 Ex.3 . Ex.4 | Comp Comp Comp
which alumina Added !t‘or reference) Ex.1 Ex.2 Ex.3
powder was added ' ’
Thermal resistance 1.5 04 | 04 0.4 0.4 0.4 0.4 045 |
(°C/W)

Table 2 sﬂgﬁs that the thermal resistance, which
indicates heat dissipation properties, was decreased by
adding a high efficiency heat-dissipation filler.

EXAMPLE 9

To a composition consisting of 30 parts by weight of a
bisphenol A epoxy resin (weight average molecular weight:
400, epoxy group equivalent: 200, produced by Yuka Shell
Epoxy Co., Ltd., trade name: EPIKOTE 828) and 10 parts by
weight of a cresol novolac epoxy resin (weight average
molecular weight: 1,000, epoxy group equivalent: 220,
produced by Sumitomo Chemical Co., Ltd., trade name: ESCN001)
as epoxy resins, 25 parts by weight of a phenol novolac resin
(weight average molecular weight: 960, phenolic hydroxyl
group equivalent: 120, produced by Dainippon Ink & Chemicals,
Inc., trade name: PHENORITE LF2882) as a curing agent for the
epoxy resins, 10 parts by-weight of a phenoxy resin (weight
average molecular weight: 50,000, produced by Tohto Kasei
Co., Ltd., trade name: PHENOTOHTO YP-50) as a high-molecular
weight component being compatible with the epoxy resins and
having a weight average molecular weight of 30,000 or above,



16. The' adhesi ve of cIa|n115 wher ei n the i nor gani ¢

IREPLACEVERY

an. ant i nony- bi smut h conpound. 10 17.. The adhesiv AL
cured to such a degree t hat the adhesive has gendrdted a heat of {19 to
40 % of a total calorific value as neasgyred by D Clwh ef at ed
mheﬁ the adhesive is cured conpletely. 23 ¢ adhggp&gﬁggﬁﬁ | fi n 11
whi ch further contains 13 to 38 % by volune of a I mor gamt ¢ 1t

based on a vokRubBeni Co.,thtdadhtsade. name: PNB-1The |Baecdegreefof| anne
wherein the iggggg&ﬁgs

iéé'%ﬁ this stage as measured using a DSC was such
that the adhesive had generated a heat of 20 % of the total
calorific value generated by complete'cure of the adhesive.

5§ The THF-extraction percentage was 35 % by weight.

EXAMPLE 11 |
An adhesive film was produced in the same manner as in
Example 9, except that the amount of the epoxy group-

10 containing acrylic rubber used in Example 9 was changed to 50
parts by weight. The degree of cure of the adhesive in this
stage as measured using a DSC was such that the adhesive had
generated a heat of 20 % of the total calorific value
generated by complete cure of the adhesive. The THF-

15 extraction percentage was 35 % by weight.

COMPARATIVE EXAMPLE 7
An adhesive film was produced in the same manner as in

Example 9, exeept that the epoxy group-containing acrylic

20 rubber used in Example 1 was replaced by a non-modified
acrylic rubber (produced by Teikoku Kagaku Sangyo Co., Ltd.,
trade name: HTR-860). The degree of cure of the adhesive in
this stage as measured using a DSC was such that the adhesive
had generated a heat of 20 % of the total calorific value

25 generated by complete cure of the adhesive. The THF-
extraction percentage wae 90 % by weight.

COMPARATIVE EXAMPLE 8
An adhesive film was produced in the same manner as in

30 Example 9, except that the epoxy group-containing acrylic

rubber used in Example 9 was not used. The degree of cure of

the adhesive in this stage as measured using a DSC was such

that the adhesive had generated a heat of 20 % of the total

calorific value generated by complete cure of the adhesive.
35 The THF-extraction percentage was 90 % by weight.



20 is alunmina or silica. 20. The adhesive of BF@"
epoxy fesin having * a weight average nol ecul ar wgi gt

i's sel ected fromthe group consisting of "a blspker
resin having a weight average nolecul.ar weight of 5Q0 b
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of 500 or less, a phenol novol ac - epoxy resin and a cresol novol ac|epoxy
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(Anended) An agbealveahulmhpsedwneﬂemn ﬁoidsngeaelapeerved were rated as

10

- 15

*poor”

Processability:'The adhesive films were punched, and

those which were cracked or scattered resin scraps or powder

were rated as "poor”, and those free of these phenomena were

rated as "good”.

TABLE 3 .
Nos. Comparative Example
Bxample Nos.
1 9| 10 11 7 8 9
Epoxy resin EPIKOTE 828 30 | 30| 3 | 30| 3 | 3
ESCN-001 10|10} 10| 10] 10/} 10
Curing agent PHENORITELF2882 | 25 | 25 | 25 | 5 | 5 | 2
Compatible high-molecular | YP-50 0] o110 10] 10
weight component PNR-1 o | 10] o0 0 0 0
incompatible high-molecular | HTR-860P-3 0 | 0 |5 | 0 0 | 8
weight component HTR-860 0 0 0| 4] 0 0
Cure accelerator 2PN-CN ' o5 | os | o5 | 05 | 05 | 05
Siane coupling agent NUC A-187 o5 | 05| 05| 05| 05} 05
Electric strength (KV)

Gefore PCT) 75173172 45| 73| 32

Electric strength kV) ;
(afer PCT) 62 | 50 | 61 | 13 | 60 | 10
Cracking resistance Good | Good | Good | Good | Poor | Good
Flexibiity _ Good | Good | Good | Good | Poor | Good
The amount of exudation Good | Good | Good | Good | Bad | Good
Circuit filing Good | Good | Good | Good | Good | Poor
Tight adhesion (before PCT) Good | Good | Good | Good | Good | Good
Tight adhesion (after PCT) | Good | Good | Good | Poor | Good | Good
Processability ' Good | Good | Good | Good | Poor | Good

HTR-860P-3: epoxy group-containing acrylic rubber
HTR-860: non-modified acrylic rubber '

All the adhesives of Examples 9-11 contained epoxy
resins and a curing agent therefor and both of a high-
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CLAIMS

1. (Amended) An adhesive produeed'by preparing a varnish of
a composition dissdlved in a solvent and heating the
composition to dry, the comp051t10n comprising (1) 100 parts
by weight of a comblnatlon -of an epoxy resin having a weight
average molecular welght of less than 5,000 and a curing
agent, (2) 10 to jﬁ_parts by weight of a compatible high-
molecular weight component selected from the group consisting
of a phenoxy resin, a carboxyl group-containing acrylic
rubber, a carboxyl group-containing acrylonitrile-butadiene
rubber, each having a weight average molecular weight of
30,000 or above, a high-molecular weight epoxy resin having a
weight average molecular weight of 30,000 to 80,000 and an
ultra high-molecular weight epoxy resin having a weight
average molecular weight of more than 80,000, (3) 20 to 100
parts by weight of an incompatible high-molecular weight
component having a weight average molecular weight of 30,000
or above and being selected_from the group consisting of an
epoxy group-containing.acrYlic rubber, an epoxy group-
containing acrylonitrile-butadiene rubber, an epoxy group-
containing polybutylehe rubber and an epoxy group-containing

polybutadiene, and (4) 0.1 to 5 parts by weight of a cure
accelerator.

2. The adhesive of claim 1 which further contains 0.1 to 10
parts by weight of a coupling agent.

3. The adhesive of claim 2, wherein the coupling agent is a
silane coupling agent.

4. The adhesive of claim 1 which further contains 0.5 to 10
parts by weight of an inorganic ion-adsorbent.
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(57) Abstract
An adhesive comprising (1) 100 pts. by wt. of a combination of an epoxy resin having a weight average
molecular weight of less than 5,000 and a curing agent, (2) 10 to 40 pis. by wi. of a high-molecular weight component

being compatible with the epoxy resin and having a weight average molecular weight of 30,000 or above, (3) 20 1o
100 pts. by wi. of a high-molecular weight component being incompatible with the epoxy resin and having a weight
average molecular weight of 30,000 or above, and (4) 0.1 to 5 pts. by wt. of a cure accelerator. The adhesive
is excellent not only in moisture resistance, heat resistance, adhesive strength at high tem heat dissipation,
reliability of insulation, crack resistance and flexibility but also in circuit filling and tight ‘adhesion, and exhibits
suitable flow propertics. .
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