SPECI FI CATI ON ADHESI VE TAPE 5 TECHNI CAL FI ELD [ 0001] The present
invention relates to an adhesive tape. BACKGROUND ART [0002] 10
Wth recent densification of electronic devices, a printed circuit
board used for them has been nore multi-layered and a nulti-Ilayered
flexible printed circuit board has been frequently used. Such a
printed circuit board is a rigid-flex printed circuit board as a
conposite substrate consisting ofSPECIFESATION printed circuit board 15
and a rigid printed circuit board, which has expanded in application.
[ 0003] According to a proposed nethod in the related art, a
multilayered flexible printed circuit board or rigid-flex printed
circuit board is prepared by al feHRaIE ASEacki ng a singl e-si ded
circuit board and an 20 adhesive layer multiple tines to forma
stack, formng an interlayer-connecting through-hole in the stack,
plating the _interlayer-connecting through-hole and processing the
outebnngﬁcﬁy§9$L E&Eorm for exanple, a circuit and the like, or by
forning&ioggge whi ch does not penetrate a copper foil in the

i nsul at rde of a single-sided 25 circuit board, formng a

conductor post froma netal or.allo conduct i coating of the

whol e surface&hﬁrggg? ﬁﬁgegéh ﬁﬁéaF3§éF)a£nﬁggﬁ %ﬁIEEgFI board and
repeat i CRE oR9 as necessary for 1 multilayering (for exanple,
Japanesggiargrﬁpegﬁﬁgtent Publ i cation No.11-54934). [0004]

[0002]

10 With recent densification of electronic devices, a printed
circuit board used for them has been more multi-layered and a
multi-layered flexible printed circuit board has been frequently used.
Such a printed circuit board is a rigid-flex printed circuit board as
a composite substrate consisting of a flexible printed circuit board

15 and a rigid printed circuit board, which has expanded in application.
[0003}

According to a proposed method in the related art, a multilayered
flexible printed circuit board or rigid-flex printed circuit board is
prepared by alternately stacking a single-sided circuit board and an

20 adhesive layer multiple times to form a stack, forming an
interlayer—-connecting through-hole in the stack, plating the
interlayer-connecting through-hole and processing the cutermost layer
to form, for example, a circuit and the like, or by forming a hole which
does not penetrate a copper fcoil in the insulator side of a single-sided

25 circuit board, forming a conductor post from a metal or alloy,
conducting coating of the whole surface, pressing the adhesive layer

and the circuit board and repeating the process as necessary for




The above nmanufacturing nethod enpl oys an approach that as a 5
generally used interlayer electric connecting system a through-hole
penetrating all layers is formed and each of the |ayers is

el ectrically connected by plating the through-hole. However, in this
el ectric connection system a processing nmethod is sinple, but there
are so many restrictions in circuit designing. The worst

di sadvantidge legetivad sforcesskihpdkl tUhpaheyerBamd-epehed®atenal Pyblication
connected through the penetrating through-hole plating, the

out er nosio.l1dy&A9pdly. have t hrough-hol e plating connecting |ands,

whi ch thus occupy a larger area. This nmakes it difficult to increase
a circuit0d%ddnti ng density, which may be a critical problemin
conmponent nounting or circuit wiring. Furthernmore, 15 it leads to a
syst em i ncapabihe &bodehnawifisgthirghe desidiody cRBLAYS M GPPrARgh-Hetsiasy a
wiring which will be increasingly needed in the market. [0005] For

i nexPengSTEIRaAUf BRaUANREE LAY 8XFBlE D rPRIeEt T SUPEebogr §hrpagh-hole
prepared usin

LDl G ARRgE U LS BaL1 G OSS o BLural Y oL PR LoLIe, 1S,
1 GO Sanybe, L DEXEETIly St RLEBRIED | UOURR RTLLEL o
0 S Nl TR ACL 0 B g0Ras: 1 Y] TS 2 Bl g,
soctt ons s st eniing o A1, Sadin ig, SRl Ol B LESESS HoPIA L

F1 exighl & pr igHed 202,61 LEUI %199@5&51@&%/?(:%9%&@& tﬂ{fc{ﬁﬁgd tﬁgrgéﬁétﬁ%”%ﬁ

and a nultilayere rigid printed cifcuit board Is _presence o
f|eX|b'aﬂﬁ%%bhﬂﬁohaB&seﬁﬁéﬁt@@ogﬁeﬁﬂﬁh:@a&é@ﬁh%%ﬁv@%&kb@?hlﬁ§nﬂéfﬁ%img

renoval of an outer |ayer for preventing stack of the flexible
secti on @nreef®Mngl 19idan WMULBr thus occupy a larger area. This makes it
difficult to increase a circuit-mounting density, which may be a
critical problem in component mounting or circuit wiring. Furthermore,
15 it leads to a system incapable of achieving high-density mounting or
high-density wiring which will be increasingly needed in the market.
[0005]
For inexpensive manufacturing, a flexible printed circuit board
is prepared using a multiple pattern where a plurality of patterns are
20 arrayed in one sheet. Thus, a multilayered flexible printed circuit
board can be inexpensively prepared through a similar manufacturing
process. However, if a defective patterning is present in a sheet in
this manufacturing process, a multilayered flexible printed circuit
board formed by stacking the defective patterning sections is defective,
25 leading to reduction of a process yield in a stacking step.

[0006]

The biggest difference between a multilayered flexible printed



5 layer after stack, leading to reduction of the circuit board number
per sheet in sheet stack. Furthernore, in a pattern design in which
i ndi vidual |ayers have different sizes, the circuit board nunber per
one sheet is restricted to the least circuit board nunber of the
circuit board nunbers in the individual |ayers, |eading to reduction
of the 10 circuit board nunber per sheet. [0007] The latter

manuf actairdong t phorces srhasgal-dieei atisteep cotcitr moagd and@l ewilni eyered
receiving substrate in a conductor post by |aser processing,

desnear imgikt pandtédrafinogis boafdce ddet edeoperd ng, andessbabl satiiiog.
15 these techniques and inproving their yields are al so probl ens.

Fur t her myeparasiomeol] apeh aublriible PACEENS aBAUArdS otRIsviadnof i &k AIfgr
a cost is increased and a material cost for surface coating is also

i ncr eas Ry SPATENTr HEOUVENT TRCK Ripitre § e Hy ki 8pen dnadle HEM pEaniwer
20 No. 11-54934 DI SCLOSURE OF THE | NVENTI ON [0008] The present

i nveRrt i oRYsEod tRis SEacladhB’iig tagectapann @fothe sErene PPREQINUber per
connecting layers in a circuit _board by reliably fusing. a solder .
burip. [o?glt?ﬂt 3THESHFeSEREX i nvEHEY 6vi dBs 2aR3GERER| 9851 Hpeln which
conprising,.a, flux-active co nd havi.ng a car baxyl .gr.ou nd/or a
phenol | cURYGHERYT 1Fatpiate CHAT RBSRE (110G cLih S ARY1R 19955 FBPAT hg"
resin. The. ahove ;Gontigurali-an Al | ovs. £Oroyer o sid ang-bonding Yoy
reduci ng-an~oxi de"layer onh The solder "surt'ace and an oxiIde layer on

the COPpr?cfaJao%nBé'fé aicrﬁ t%?. i BaFAESt 89y M T a8 IHL T 09 AU LELBYElF the
a y fusing

electric connectli on
10 circuit board number per sheet.
[0007]
The latter manufacturing process has a special step of forming
a hele in a receiving substrate in a conductor post by laser processing,
desmearing it and forming a surface-coated opening, and estabiishing
15 these techniques and improving their yields are also problems.
Furthermore, as the laver number is increased, a production tTime and
a cost is increased and a material cost for surface coating is also
increased.
PATENT DOCUMENT 1: Japanese Laid-cpen Patent Publicaticon

20 No.11-54934

DISCLOSURE OF THE INVENTION

{00083
The present invention provides an adhesive tape capable cof
25  electrically connecting layers in a circuit board by reliably fusing

a solder bump.

[0009]




a sol der bunp. Furthernore, an adhesive tape of the present invention
elimnates the necessity of renoving it by washing after sol der
connection, and can be directly heated to be a three-dinensionally 10
crosslinked resin, giving a highly adhesive interlayer materi al
between the circuit board and the multilayered flexible printed
circuit board. [0010] In the above adhesive tape, thernosetting
resin may be ameepex¥ent esivdntIbhSpesfildeguaat h@fleLidR PEEYI dém@lising a
adhesive tape excellent in 15 curability and storage stability an

i n heat flesi-ataneeconpdwidihevineaiciraneel andup eal/cala pestatiancgimeiya
cured product. [0011] In the above adhesive tape, the thernosetting
resi n meyrcognt ai hheanaastitnggagesin; Hnds acdnlngiomatingn reann i npfley ebove
controllability of 20 curing properties of the adhesive tape. [0012]
| n t he abnfégadhebiyeliape forheryustinmgydymmtingdyy bedaginionadazdtde layer
conpound and/ or a phosphorous conpound. This configuration may

i npr 8ve orcihabidlidey Phridre aohesi osldapeversr 6be3jorpert fellaghsfice as
tape, the filmformng resin may be a phenoxy resin or acrylic .

r ubber . BFOUBEREEFA Sﬁﬁgﬁ?ﬁ(ﬁuﬁé% mOteriprEes plerteherl Fopppeisianeby apsing
before curing can be reduced to give a uniforminterlayer thickness.
By using a?ﬁla%a: VIR - r GhBERSTRO S GR UL ER [SPS0PT ity REgseeinvention

oo e B En g oL adhesLus, pe g, b Sol enegs. Do e
can furtfencaental nf sliple souBking. 980t v ThL S, cARfauALh enea,
10  crosslinked resin, giving a highly adhesive interlayer material between
the circuit board and the multilayered flexible printed circuit boazrd.

[0010]

In the above adhesive tape, thermesetting resin may be an epoxy

resin. This configuration can provide an adhesive tape excellent in
15  curability and storage stability and in heat resistance, moisture

resistance and chemical resistance of a cured product.

[0011]

In the above adhesive tape, the thermosetting resin may contain
a curing agent. This configuration can improve controllability of

20 curing properties of the adhesive tape.
(0012]

In the above adhesive tape, the curing agent may be an imidazole
compound and/or a phosphorous compound. This configuration may improve
curability of the adhesive tape.

25 [0013]
In the adhesive tape, the film-forming resin may be a phenoxy

resin or acrylic rubber. By using a phenoxy resin, fluidity of the



tape and an adherend. [0015] 10 The above adhesive tape is
characterized in that when the adhesive tape is attached to the
surface of an oxidized copper plate and then is reduced at 230 C for
one mnute in the air, a copper-oxide reduction rate of the copper

pl ate represented by equation (1) is 70 % or nore. 15 Copper-oxide
reduction rate (%9 _ {1-(O atomconcentration after reduction)/ (O
at om consdhdsiati apeabt Bsreoxudatg aan oexrddiired- t&Eguatizonnif{dym fO0Alayer
The above adhesive tape is characterized in that when placing a 20
ti n- cont@inikmgssol digr ubahd awi abralidi aneber, ¢filb08egwsionot kEaddhesy wan
tape and is heated at a tenperature of 30 C higher than the nelting
poi nt ofbg hepsetatevhdraptepanriree saém agheol terapeangdmdbadivenass between
represented by equation (Z%Qi.s 40 % or nore. Sol der wet spread rate
(% _ [{3eiasherend gindg agopdeesives thaR} ) - (sol der thickness after wet
spr eadi ng&}ill(di aneter of a solder ball)]xI OO ---Equation (2) [0017]

5 The abb¥el4ddhesi ve tape with a thickness of 100 pm has a nelt
viscosity of 10 to 10000 Pas at 223 C. [f0018 The adhesive tape is,
characterized THf CRRVEWHIIETNE SaResTale THRAPRET SARER" o tHileRRAeSURIINI
100 pmgives a . m.ni nump.nelt viscosity of equal.to or re than,1 Pas
and eqUATSTE or i8S HAR 16100 CPA- TP ESY eater BEFNSS B Een S0 Ry &
vi scoel a@éﬂ; cit ggag&lrejr%%di nstrument in a tenperature-increase rate

of 10 C/nif and & frequency of 0.1 Hz.

[0015]
10 The above adhesive tape is characterized in that when the
adhesive tape is attached to the surface of an oxidized copper plate

and then is reduced at 230 °C for one minute in the air, a copper—-oxide

reduction rate of the copper plate represented by equaticn (1) is 70 %

or more.

15 Copper-oxide reduction rate (%) = {1-(0 atom concentration after
reduction}/ (0 atom concentration after oxidation)} x 100 ---Egquation
{1)
(0016]

The above adhesive tape is characterized in that when placing a
20  tin-containing solder ball with a diameter of 500 um on the adhesive
tape and is heated at a temperature of 30 °C higher than the melting
point of the solder ball for 20 sec, a solder wet spread rate represented
by equation (2) is 40 % or more.
Solder wet spread rate (%) = [{(diameter of a solder
25 ball)-(solder thickness after wet spreading)}/{diameter of a solder
ball)}=100 ---Equation (2}

[0017]



[ 0019] 10 According to the present invention, there is provided an
adhesive tape capable of electrically connecting layers in a circuit
board by reliably fusing a solder bunp. BRI EF DESCRI PTI ON OF THE
DRAWNGS 15 [0020] FIG 1 shows a nultilayered circuit board in

whi ch an adhesive tape is enployed. FIG 2 is a schematic view
illustrating a connecting section in the nultilayered circuit board
in FIG 1. 20 BESEbMBPEdHIR1 CARRYING 1 ©YTa THE JINKENTLON 0 QR2A4s Ehedeet
will be detail ed preferable enbodi nents of an adhesive tape of the
present vincertitpnof 25 [t602@QJ0APaadhesidss tape of the present
invention contains a flux-active conpound having a carboxyl group
and/ or al@hedol i c hydroxyl group; a 6 thernosetting resin; and a
filmformng resin. There will be described the individual
conponents. [ CORghdiedivextart i v ehevapbrmidedali hgatawban boryddhgséup tape
and/ or a phenolic 5 hydroxyl group used in the present invention
refeds twltd eohpbtimesiavt nd0 an $iewst a onerigarbo vgﬁ@@@l@h@ﬁoequal to
phenolic hydrox¥ group in one nolecule, which ma resent as a
l'i quid o‘Pl’ Jerrdthamo2 AR - Exaifpleesasdf ta 91 desacthare 1%8 ofgands RavReRFEred
car boxyl gup 10 |nclude al i phatic aci d anhydri des, allcycllc acid

anhydrldgé araﬁagl by a viscoelasticity measuring instrument in a
temperature increase rate of 10 °C/min and a frequency of 0.1 Hz.
[0019]
10 According to the present invention, there is provided an adhesive

tape capable of electrically connecting layers in a circuit bocard by

reliably fusing a scolder bump.

BRIEF DESCRIPTION OF THE DRAWINGS

15 [0020]
FIG. 1 shows a multilayered circuit board in which an adhesive
tape is employed.
FIG. 2 is a schematic view 1liustrating a connecting section in

the multilayered circuit board in FIG. 1.

20
BEST MODE FOR CARRYING OUT THE INVENTION
[0021]
There will be detailed preferable embodiments of an adhesive tape
of the present invention.
25 10022]

An adhesive tape of the present invention contains a flux-active

compound having a carboxyl group and/or a phenolic hydroxyl group; a



aci d anhydrides, aliphatic carboxylic acids and aromatic carboxylic
aci ds. Exanples of a flux-active conmpound having a phenolic hydroxyl
group include phenols. [0025] 15 Exanples of an aliphatic acid
anhydride include succinic anhydride, polyadipic anhydri de,

pol yazel ai ¢ anhydri de and pol ysebaci ¢ anhydride. [0026] Exanpl es of
an alicyclic acid anhydride include 20 methyltetrahydrophthalic
anhydr i dgerfidbbyt hrex abydi;opht hat 1 oo-aoiydndg desin Methytdivin T bandyudiriged
hexahydr opht hal i ¢ anhydri de, tetrahydrophthalic anhydri de,

trial kylihet dabliydi@pit kalponardsydri de, net hyl cycl ohexenedi car boxylic
anhydride or the like. [0027] 25 Exanples of an aronatic acid
anhydri d&023¢| ude phthalic anhydride, trinmellitic anhydride,

pyromel litic anhydride, benzophenonetetracarboxylic anhydride,

et hyl enegl ycol® bilsxragidivei eampouniddlaydesiancerbetyl gedip aatdéonn phsmolic
like. [0028] Exanples of an aliphatic carboxylic acid include _
conpéundydresipt cgenparaslyi sheprasen) ingenoon refes CoaHBPURAdRaiAg
nis an integer of equal to or nore than O and equal to or less than
20. In tafe 19kt BF FREROBEL i9Hp, 2BH{ gaskianyldar DHgradhle TGP dRdone
bal ance between an el astic nodul us after _curing an adhesive tape and
10 a gl SCHARsT VG MedpRt REGSENT"#° 3 ﬁlﬂBiﬂﬁﬁésfgﬁdis pref erably

equal to re than 3 and equal to or less than 10. When n is 3 or
caual o P q

Examples of a flux-active compound having a carboxyl group

10  include aliphatic acid anhydrides, alicyclic acid anhydrides, arcmatic
aclid anhydrides, aliphatic carboxylic acids and arcmatic carboxylic
acids. Examples of a flux—active compound having a phenolic hydroxyl
group include phenols.

[0025]

15 Examples of an aliphatic acid anhydride include succinic
anhydride, polyadipic anhydride, poliyazelaic anhydride and polysebacic
anhydride.

[0026]
Examples of an alicyclic acid anhydride include

20 methyltetrahydrophthalic anhydride, methylhexahydrophthalic anhydride,
methylhimic anhydride, hexahydrophthalic anhydride,
tetrahydrophthalic anhydride, trialkyltetrahydrophthalic anhydride,
methylcyclohexenedicarboxylic anhydride or the like.

{66271

25 Examples of an aromatic acid anhydride include phthalic

anhydride, trimellitic anhydride, pyromellitic anhydride,

benzophenonetetracarboxylic anhydride, ethyleneglycol bistrimelliate,



increase in an elastic nodulus after curing the adhesive tape can be
inhibited to inprove its adhesiveness to an adherend. Wien n is 10 or
| ess, reduction in an elastic nodulus can be inhibited to further 15
i nprove connection reliability. Exanples of a compound represented by
formula (3) include glutaric acid (HOOC- (CH2)3-000H, n=3), adipic
acid (HOOC- (CH2) 4-COOH;, n=4), pinelic acid (HOOC (CH2) 5-CO0H;

n=5), selatieiact s {2 ¢grCRe,1ie8) and HOOC- (CH2) 10- 000H
(n=10). 20 O her exanples of an aliphatic carboxylic acid include
form c gI¥28] acetic acid, propionic acid, butyric acid, valeric
acid, pivalic acid, caproic acid, caprylic acid, lauric acid,
nmyristic aci d,Expabhesi of acl dliphears ccadrakylacr ybid aoctyde compounds
nmet hacrylic acid, crotonic acid, oleic acid, fumaric acid, maleic
aci d, oxedrresaoted bwlfemnglacid,r 25 succinic acid or the |ike.

[ 0029] Exanples of an aromatic carboxylic acid include benzoic acid,
8 phthhal i ¢ acifPOSG4eBhnhePPe adPd, terephthalic acid, heminellitic
acid, trinellitic acid, trinmesic acid, mellophanic acid, prehnitic
acid, pyromelfieRénadeil®, 2ReliioorE acicduat otics Beys thay|§ @ndepapal to
henellitic_ acid, nesitylene acid, prehnitic acid, toluic acid,

ci nnani c®adicd® B'&a14%yiic acid, 2, 3-di hyroxybenzoi ¢ acid,

2 hydroxsbensgie, g6ide SERLLake nel O (2. v iobenzpie gcl 0
(3, & ot DR B0 pocTARMLRLE SAUSH ARILNGR BT 8
phene Y Wb Al enal ity e ok (9PT0oRARDS) kot
to or more than 3 and equal to or less then 10. When n is 3 or more,
increase in an elastic modulus after curing the adhesive tape can be
inhibited to improve its adhesiveness to an adherend. When n is 10 or
less, reduction in an elastic modulus can be inhibkited to further

15  improve connection reliability.

Examples of a compound represented by formula {3) include
glutaric acid (HOOC- (CHy)3~COOH; n=3), adipic acid (HOOC- (CHj),~CCOH;
n=4), pimelic acid (HOOC- (CHz} s—COOH; n=h), sebacic acid
(HOOC- {CHy} g—COOH; n=8) and HOOC- (CH;)19~COOH (n=10).

20 Other examples of an aliphatic carboxylic acid include formic
acid, acetic acid, propionic acid, butyric acid, valeric acid, pivalic
acid, caproic acid, caprylic acid, lauric acid, myristic acid, palmitic
acid, stearic acid, acrylic acid, methacrylic acid, crotonic acid,
oleic acid, fumaric acid, maleic acid, oxalic acid, malonic acid,

25  succinic acid or the like.

[0029]

Examples of an aromatic carboxylic acid include benzoic acid,



group include nononers having a phenolic hydroxyl group such as
phenol, o-cresol, 2,6-xylenol, p-cresol, mcresol, o-ethylphenol,
2,4-xylenol, 15 2,5-xylenol, methyl phenol, 2,3-xylenol, nesytol,
3,5-xylenol, p-tert-butylphenol, catechol, p-tert-anyl phenol,
resorcinol, p-ochylphenol, p-phenyl phenol, bisphenol-A bisphenol-F,
bi sphenol - AF,  bi phenol, diallylbisphenol-F, diallylbisphenol-A,

tri sphemdithanslc dogtly alkicpphrabic aphenakragvitlaad of &sid)Shertmedlesolc acid,
novol ac resins; 20 bi sphenol -F novol ac resins; bisphenol -A novol ac
resins andrehéitikeacid, 0@31heSincecial,f meXiachanie caripoupdeiisitic acid,
three-dinensionally incorporated in a reaction with a thernosetting
resi n sugtroaslantispexyd, mesilnti¢ tadisl, prefhucabtid a xgdhpomd, haeneld istic
| east two phenolic hydroxyl 25 groups capabl e of being added to an
epoxy resiig, andsatylergstacéfde prelodilc agiduptediviectdoidat canhrnlia acan,
aromatic noiety and exhibiting flux effect to a metal oxide layer in
one Rol eddieylER@fpides? of ~&ilwkosyeomsoindcio iZndrdéleydanybeazats geid,
derivatives such as 2, 3-di hydroxybenzoic acid, 2, 4-dihydroxybenzaic
aci d, gefntdsécrRed 65;5Eﬁ%ﬂﬂ¥?&¥%§@%ﬁ%@i6Féd%mﬂadﬁfdlhydroxybenZOlc acid,

2, 6-di hydroxybenzoi ¢ acid, 3,4-di hydrox $e zoic acid, gallic acid,

, 4, 5T i i‘kerrna i d
3, 4, AT RS #61¢ #&étd a&?fl‘E ﬁé)l/ (E ; g\ SngﬁéL&?rtFOlC acid)
derivative g such .as /1,. 4-di hydr oxy-2-n pgt oi.c aci.d .
S hy AR RO e S Vet S a sy P enbrEtthals arie ene
i ke; pgje | pht '_;,_?li enol igr% t Lt ke. ,These f.l ux- é
conpoun §qﬁﬁgﬁﬁggéég§ a 8ﬁ€h%¥:?%ﬁ%o %%§§$%Haigﬁ Fﬁ5§%9d¥%ﬁ%9ﬁ§ b e
[0033] A jblending rate of the flux-active conpound is 1 % by wei ght
or nore, preferably 5 % by weight or nore to the total anmount of the
conposi t iy of an adhesive tape in the light of inproving flux
activity.

Examples of a flux-active compound having a phenolic hydroxyl
group include monomers having a phenolic hydroxyl group such as phenol,
o—-crescl, 2,6-xylenol, p—cresol, m—cresol, o—ethylphenol, 2,4-xylenol,

15 2,5-uylenol, m—ethylphenocl, 2,3-xylenol, mesytol, 3, 5-xylenol,
p-tert-butylphenol, catechol, p-tert-amylphenol, resorcinol,
p-octylphencl , p-phenylphencol, bisphenol-2, bisphenol-F, bisphenol-AF,
biphenol, diallylbisphencl-F, diallylbisphenol-A, trisphenol and
tetrakisphencl; phenol novolac resins; o-cresol novolac resins;

20 Dbisphencl-F novolac resins; bisphenol-A novolac resins and the like.
[CC31]

Since a flux-active compound is three-dimensionally
incorporated in a reaction with a thermosetting resin such as an epoxry
resin, it is preferably a compcound having at least two phenolic hydroxyl

25  groups capable of being added to an epoxy resin and at least one carboxyl

group directly attached to an aromatic moiety and exhibiting flux effect

to a metal oxide layer in one molecule. Examples of such a compound



A residual flux-active compound not being involved in a reaction with
15 a thernosetting resin may cause migration. Therefore, for avoiding
a residual flux-active conpound not being involved in a reaction
with a thernosetting resin, a blending rate of the flux-active
conmpound is 30 % by weight or less, preferably 25 % by wei ght or

| ess. Furthernore, when the rate is within the above range, an oxide
| ayer i nirlceBPBEnt®id RAdsHetaen iGan bech etliced-HohgMk BeMebYc acid,
strong and favorabl e bonding. [0033] Exanples of a thernopsetting
resin usediHdihiieopsesent cianient 4ot isincdide (2o hyesoRgeermogtansid) ,
resins, phenol resins, (meth)acrylate resins, unsaturated pol yester
resins, 2i@&diphdpttyiadrabecr esids, 325-ddleimixgbenssionsaanty tded lickeacid
Anong ot hers, epoxy resins are suitably used, which are excellent in
cur abi | i t3, landtsibydigerybeaboid ryidand tealikeeshphientie; anbi seuieatives
resi stance and chem cal resistance of a cured 10 product. [0034]
The @époxsuctess 4, dsethydrpxbe’ arpmybrycrediin Iwbir-dbhydraivt-Benraphtdolicdgcid,
or aliquid at roomtenperature. Furthernore, the resin nmay contain

5 an epo%y7‘rdé-§lbfﬁr MY chieghhhalt paidendddm %Jé"fﬁpeﬁalﬁfml@héhéllﬁh epbtyenol
resin which is a liquid at roomtenperature. Thus, freedomin

desi gni ndFHnsitt F]H betfavi or of the resin can be further i npr oved.

[ 0035] Exanpl epo resin which is a soljd.at room

Lonper ature’ 109 ?3 7 rOTROUAPE dYRY BS UHRSpRLIST OA 1 emRiRalyon
resins, b#s%)henol type epoxy resins, phenol novol ac type epoxy
resins, S ChoV38tae type epoxy resins, glycidylamne type epoxy
resiﬂ)s, ?q/ dyI ester type epoxy resins, trifunctional epoxy
resins, te qunctional epoxy resins and the like. Mire

specifically, Atbl@?ﬁﬁiﬁ&r}taq:i N A t?l%l ffluzl ra’cft':ﬂggtéd?l%lund is 1 % by weilght or

[+]

more, preferably 5 % by weight or more to the total amount of the
compositicons of an adhesive tape in the light of improving flux activity.
A residual flux-active compound not being involved in a reaction with

15 a thermosetiing resin may cause migration. Therefore, for avoiding a
residual flux-active compound not being involved in a reaction with a
thermesetting resin, a blending rate of the flux—-active compound is 30 %
by weight or less, preferably 25 % by weight or less. PFurthermore, when
the rate is within the above range, an oxide layer in a copper foil

20 surface can be reduced to give a very strong and favorable bonding.
[G033]

Examples of a thermosetting resin used in the present invention
include epoxy resins, oxetane resins, phencl resins, (meth)acrylate
resins, unsaturated polyester resins, diallyl phthalate resins,

25 maleimide resins and the like. Among others, epoxy resins are suitably
used, which are excellent in curability and storage stability, and heat

resistance, moisture resistance and chemical resistance of a cured
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15 epoxy resin and a cresol novol ac type epoxy resin. [0036] An epoxy
resin which is a liquid at roomtenperature may be a bisphenol -A
type epoxy resin or a bisphenol-F type epoxy resin. These nay be
used in conbination. 20 [0037] A blending rate of these thernopsetting
resins is preferably equal to or nore than 25 % by the wei ght and
equal to or less than 75 % by weight, nore preferably equal to or
nore t hasrobmc¥a by t he wei ght and equal to or less than 70 % by

wei ght to the total amount of the 25 conpositions of the adhesive
tape. ThE)GZ3tle within the above range may provide excellent
curability and allows for designing favorable nelting behavior. 11

[ 0038] A ther iiiseepdxigressl nSe@yaydrs an £Paxy weisny vdgeht is Exbimpt esadfid
a curing agent include phenols, amines and thiols. Wien an epoxy
resin i®r @séddasd £t FepHoSEINErA§UFes| Furpherwese, aithe stgtiabmgy usad-ain
the light 5 of good reactivity to the epoxy resin, a |ow dinensional
chan®e Rt iSREXY iASiRgIAHE: B oherlpfyal £apmrsperar e ahledn ERPKRgesin
(for exanple, .heat _ . resistance, noisture resistance_or the like).

[0039] A 3 s LpARFE b P OMp (EMRSE HUTR t edPEYy, BieedgR B desigring
functional, .10 in the |ight of physical pro ties of an adhesive
tape af t'& 0¥ h%?a‘”r@dfr nggfﬁ)l 54 Cﬁ%f%guggﬁ%ﬁ@@@% bi sphenol - A,
tetranetrbﬂig sphenol - A, dial |yl bi sphenol -A, bi phenol, bisphenol -F,

di al | yl br'sp énoI-F, tri sphenol, tetrakisphenol, phenol novol acs,

cresol novol a agrﬁﬁeghgf laink%%gé%ggﬂq 638 ch! gt Q%lﬂ?lattl f@o%??glim%é/rat’lu%e

reactivity wt epoxy re post-curing physical properties,
10  include, but not limited to, bisphenol-A type epoxy resins, bisphenol-S

type epoxy resins, phenol novolac type epoxy resins, cresol novolac type

epoxry resins, glycidylamine type epoxy resins, glycidyl ester type

epoxy resins, trifunctional epoxy resins, tetrafunctional epoxy resins

and the like. More specifically, it may contain a solid trifunctional
15 epoxy resin and a crescl novolac type epoxy resin.

{0036]

An epoxy resin which is a liquid at room temperature may be a
bisphenol-A type epoxy resin or a bisphenol-F type epoxy resin. These
may be used in combination.

20 [0037]

A blending rate of these thermosetting resins is preferably equal
to or more than 25 % by the weight and equal to or less than 75 % by
weight, more preferably equal to or more than 45 % by the weight and
equal to or less than 70 % by weight to the total amount of the

25  compositions of the acdhesive tape. The rate within the above range may
provide excellent curability and allows for designing favorable melting

behavior.

11



phenol novol acs and cresol novol acs may be suitably used. [0040] When
usi ng a phenol novolac as a curing agent, its blending rate 1is, for
exanple, 5 % by weight or nore, preferably 10 % by weight or 20 nore
to the total amount of the conmponents of the adhesive tape in the

i ght of ensuring resin curing. A residual phenol novol ac not being
involved in a reaction with an epoxy resin may cause migration.
Ther ef orgyo3eor avoiding a residual nmaterial, it is 30 % by weight or

| ess, preferably 25 % by weight or |ess. 25 Wen the thernosetting
resin i s an epoxveresidttiaghtesnidi ngyredrecaiof atheripheageninovakapleasbn
may be defined as an equivalent ratio to the epoxy resin.

Speci fi cakhyin@amrgegtiivaledé phahbds pfamdnphemal timovd.adheh2at epary epexy
resin is equal to or nore than 0. 5 and equal to or less than 1.2,

pr ef er ablg/vegdials &4 thermemsrté inbaresin, Ghendlequzl swidabd viwessl ithahe 1ight
nore preferably equal to or nore than 0.7 and equal to or |ess than
0. 98 &y Jadfustichigviky aguihalepary rassiio, of lgvphiermoisipogblchengesiuring
an epoxy 5 resin to 0.5 or nore, heat resistance and noisture

resi st ane&lapt @R REGPPAPIYAACEE RiePerEdes addebycudings forg sppEple, heat
equivalent ratio to 1.2 or |less, the ampunt of a residual phenol
novol ac T&SiShaR6E: BTG AVEISTNFR &F rié%ctib® with an epoxy resin
after cu&gﬁ% can be reduced, resulting in excellent mgration
resi st ant&®>210 [ 0041] O her exanples of a curing agent include

imd | d nd . An.i.m d | ,
YR AAR Rt el PR T SR T b R G et
i f. i Jf | ti. i_nt t, Lm | )

PO ot e L b Bysilchy SRl Re APN e diNE LILHGRILE coring.

EO t hat adhf?;%rﬁ[b‘iet, ape ks cufed bgfore sé%fc%leé:i oi .BY Of ,35SRLARC A,
unp with an el ectrode, |eading to concernedly
tetramethylbisphenol-A, diallylbisphenol-3A, biphenol, bisphenol-F,
diallylbisphenol-F, <risphenol, tetrakisphencl, phenol novolacs,
cresol novolacs and the like, but in the light of melt wviscosity,
15  reactivity with an epoxy resin and post-curing physical properties,
phenol novolacs and cresol novolacs may be suitably used.
{0040]
When using a phenol novolac as a curing agent, its blending rate
is, for example, 5 % by welght or more, preferably 10 % by weight or
20 more to the total amount of the components of the adhesive tape in the
light of ensuring resin curing. A residual phenol novolac not being
involved in a reaction with an epoxy resin may cause migration.
Therefore, for avoiding a residuzl material, it is 30 % by weight or
less, preferably 25 % by weight or less.
25 When the thermosetting resin is an epoxy resin, a blending rate

of the phenol novolac resin may be defined as an equivalent ratioc to

the epoxy resin. Specifically, an eguivalent ratio of a phenol novolac

12



unst abl e connection and deteriorated storage stability of the
adhesive tape. Therefore a nelting point of the imdazole is
preferably 150 C or higher. Exanples of an im dazol e conpound havi ng
a nelting point 20 of 150 OC or higher include

2- phenyl hydr oxyi m dazol e, 2-phenyl - 4- et hyl hydr oxyi m dazol e,

2- phenyl - 4-net hyl i m dazole and the |ike. There are no particul ar

restrictic®ons dopxdyNecsippes dquiilttdbranorethiano. paidd eghal he dildag alngn
conmpound, which can be appropriately selected, for exanple,

dependi ng. 29npeefranadil poeduaipes at-uicreot han tadhesi ¥gua2botapeesd 8042]1.1,
When using an i m dazol e conpound as a curing agent, its blending 13
rate i s,mdwe pex@Emnpbey eguaadl td or opravtent hahafd @0baYtoyom@eghtthand . 98.
equal to or less than 10 % by weight, preferably equal to or nore
than 0. By %ijbytivg ghtequidaéguialratacorf laeglserntdlancGoedyentn dgiot an cepoky
total anmount of the conponents of the adhesive tape. By adjusting a
bl endi ngrasdiets Bf5 tdie Moricdakorte wawipbanee tad) rOdstwshyrapdisghncoraiter
nore, it can nore effectively functions as a curing catalyst for a

t her mosetHhiRg FRINE SRYLISHr Ve Pyurabiatiing die gAuavhkantysatipéo 1.2 or
Furthernore, adjusting a blending rate_of the im dazol e conpound to
10 % by Jvﬁ‘eﬁsghFh%raHPé‘E‘g,o%a ??e‘%ltdu@gmctlyn‘b?o@cr ESFH et i ngotmiQjyed
at a nelting tenperature of 10 the.solger, resul ti in a favorahl e
sol der cOhREHS OQWE Yt 8POF N TeFHUPLIBh SNt B 4gE 'K ABFYFRY BFSHHe S
adhesi ve, tape n_be .fur%her i mproved. [0043] Exanples of a
phosphofghsxggig%HhEQqﬁg &8%i6ﬁ%§5ﬁ8?%uS conpounds 15 such as
trip@pnytmﬁﬂgsphine; nol ecul ar conpounds of a tetra-substituted
phosphontum’and a pol yfuncti onal phenol conpound; a nol ecul ar

compound  of ayliRhr Az 5NSkI S4hed, ARGSRROR 11 1P LR L ALNYmRAAE and

phosphorous compounds. An imidazole compound used may be, for example,
an imidazole compound having a melting point of 150 °C or higher. If
a melting point of the imidazole compound is too low, an oxide layer
15 on a solder bump is removed, so that an adhesive tape is cured before
metal-joining of a solder bump with an electrode, leading to concernedly
unstable connection and deteriorated storage stability of the adhesive
tape. Therefore a melting point of the imidazole is preferably 150 °C
or higher. Examples of an imidazole compound having a melting point
20  of 150 °C or higher include 2-phenylhydroxyimidazole,
Z2-phenyl-4-methylhydroxyimidazole, 2-phenyl-4-methylimidazole and the
like. There are nc particular restrictions to the upper limit of a
melting point of the imidazole ccompound, which can be appropriately
selected, for example, depending on a konding temperature of an adhesive
25  tape.
[0042]

When using an imidazole compound as a curing agent, its blending
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trial koxysil ane compound, or the |like. Anong these, a nolecul ar
conpound of a tetra-substituted phosphonium and a pol yfuncti onal
phenol 20 conmpound and a nol ecul ar conpound of a tetra-substituted
phosphonium a proton donor and tri al koxysil ane conpound are
particularly preferable, which are nore excellent in quick
curability of an adhesive film corrosivity of a sem conduct or

el ement #H=@ecais alfui dibmopad andl fordrhhesrorgastonages shakeidityasd «3idal
adhesive film 25 [0044] A nol ecul ar conpound of a tetra-substituted

phosphoricusy agsath4ro 19f wmst velglt, phedtd ratoppaned 86 & Moteakhar0.ol $
conpound of a 14 tetra-substituted phosphonium a proton donor and a
tri al koxysiwkaget aronpquend ticsonoless shapl e Snbytwirighof té hese tobabeumnds)
but a nol ecul ar conpound having a structure such as a salt structure
or a suprfatbtecuirmnentss raicttheeadiei08486jpeA t By raatjsebsng tautrédnding rate
phosphoniumis preferably a tetra-substituted phosphoniumin which a
phosphoradfughet émidazoliogpmposrditsaledObys &y ackght promerer &k can more
aromatic conpound in the |light of balance between curability and
st or age %if@ﬁ?fCFLV?JyY dnghilaphes feCriing ca}gly@gzﬁ@]r Thehrearmgeethong resin
particular restrictions_to substituents in a tetra-substituted .
phosphorfiUrPEARE tHE28hbstY tAfeAPsefREFITE tRRE safBrbReITs epepESting a
i ncl udi substituted or unsubstituted aryl or alkyl grou
Lot a SUDSTFRTN et i 6LohEn ARG R TG Rdstibsl PuPEdraitEsor Less, a
unsubstituted.aryl..or alkyl group is preLerabIe because it _is_stable
Lo heat g tor RYATORy st St Frc Sk abled it 4 Fert B BEPRFRrdy of
pho%honér} mshﬂﬁé#‘,d%e%#ﬁ«?{]%y% %%@Q@Eé %81ﬁ1%9t8r3 %%'C%BR.O&%%%EQ n
t et raet hyl™ phenyl’phoSphonium Tt etramet hoxyphenyl phosphoni um
addition, storage stability of the adhesive tape can be further
improved.
[0043]
Examples of a phosphorous compound include phosphorous compounds
15 such as triphenyl phosphine; molecular compounds of a tetra-substituted
phosphonium and a polyfunctional phencl compound; a molecular compound
of a tetra-substituted phosphonium, a proton donor and a
triaikoxysilane compound, or the like. BAmong these, a molecular
compound of a tetra-substituted phosphonium and a polyfunctional phencl
20  compound and a molecular compound of a tetra-substituted phosphonium,
a proton donor and trialkoxysilane compound are particularly preferable,
which are more excellent in quick curability of an adhesive film,
corrosivity of a semiconductor element to an aluminum pad and
furthermore storage stability of an adhesive £ilim.
25  [0044]

A molecular compound of & tTetra-substituted phosphonium and a

polyfunctional phenol compound or a melecular compound of a

14



t et ranapht hyl phosphoni um tetrabenzyl phosphoni um 20

et hyl tri phenyl phosphoni um n-butyl tri phenyl phosphoni um

2- hydroxyet hyl tri phenyl phosphoni um tri nmethyl phenyl phosphoni um

met hyl di et hyl phenyl phosphoni um et hyl di al | yl phenyl phosphoni um
tetra-n-butyl phosphonium and the |ike. Among these, tetraphenyl
phosphoniumis preferable in the Iight of balance between rapid 25
cur abi | i tarrardubsoragedsbabsphdii vef anpasthesiaeecti dfd 4 @34 4] kdxysilane
pol yfuncti onal phenol conpound in a nol ecul ar conpound of a 15

t et r a- subsigcuntieils ptaas pheimpie andtarp alfy thast i angoupiendutcanpolswthlar
refers to a phenol conpound where at |east one hydroxy group of

phenol i cconpradndhavigoeupsriases hiydr agensdla $ornmtarphengxsugeamolecular
Speci fic exanpl es include hydroxybenzene conpounds, bi phenol
conpoundstrusitsiphenol 5 conpounds, hydroxynapht hal ene conpounds,

phenol novol ac resins, phenol aralkyl resins or the |ike. [0048]
Exan® es[@4Xuch a polyfunctlonal phenol conpound include bisphenols
such as bis (4-hydroxy-3, 5-dinethylphenyl) methane (comon 10 nane:
t et r amet hyl bi sbhenbftig-Substitataqd onyPPPHEMGMand is  preferably  a

4, 4" -isopropylidenedi phenol (comon nane: bisphenol - .
bi s( 4- hyB%‘%/ﬁﬁ% } %dhaﬁeosm}mlzmhya?owﬁ%hyﬁ) nﬁ?%%@raﬁa atom  is

e (: idﬂﬁﬁﬁ&: ﬁéﬁﬁfﬁi’ R BN ol h??ﬁr}ﬁ%%ﬁ%% %ﬂﬁ%ﬁ%ﬁ;ﬁ St
ENZS pﬁg:]g‘)?(yg EQI){?Q Bé ng{;}gf”( g % %ndl shd:dr%t%g rﬁgﬁ/&) )a,n’ adhesive film.

d|hy g enes such as 1, 2-benzenediol, 1, 3-benzenediol and
enzene tri hydroxybenzenes such as 1, 2, 4-benzenetriol;

i hydr Oxynaphtﬂ@éx%nea%e SHE N fodad! EAERXVOARNY N C0% AN uents in a
1, 6- di hydr oxynapht hal ene an

tetra-substituted phosphonium, and the substituents may be the same or
different, including substituted or unsubstituted aryl or alkyl groups.
A  tetra-substituted phosphonium icn  having a substituted or
15  unsubstituted aryl or alkyl group is preferable because it is stable
to heating or hydrolysis. Specific examples of a tetra-substituted

phosphonium include tetraphenylphosphonium, tetratolylphosphonium,

tetraethyl phenylphosphenium, tetramethoxyphenyiphosphonium,
tetranaphthylphosphonium, tetrabenzylphosphonium,
20  ethyltriphenylphosphonium, n-butyltriphenylphosphonium,
Z2-hydroxyethyltriphenylphosphonium, trimethylphenylphosphonium,
methyldiethylphenylphosphonium, methyldiallylphenylphosphonium,

tetra-n-butylphosphonium and the like. Emong these, tetraphenyl
phosphonium is preferable in the light of balance between rapid
256 curability and storage stability of an adhesive film.

[0047]

A polyfunctional phenol compound in a molecular compound of a
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20 their isonmers; and bi phenols such as 2, 2'-bi phenol and

4, 4" -bi phenol and their isoners. Anong ot hers,

1, 2-di hydr oxynapht hal ene and 4, 4' -sul fonyl di phenol are preferable
because they have excellent bal ance between rapid curability and
storage stability. [0049] 25 Exanples of a proton donor in a

nol ecul ar conpound of a tetra-substituted phosphonium a proton
donor angktrat-slBE KD @RBspEEHMAUREd BCIgaderuleti Al bhEhdBdcdbound
al i phati c hydroxy compounds such 16 as 1, 2-cycl ohexanedi ol ,

1, 2- et hanetdirel o aJeHendil hyipRxyid 3hey el ab Ut £hne ohe 2rdirone gaadpgﬂfypteéﬂdl;ic
aliphatic carboxylic acid conmpounds such as glycolic acid and

t hi oacethwirasyd; grampenhbias hydragen tonfaoumng pheunchid@s. bepeaiffic examples
catechol, pyrogallol, 5 propyl gallate, tannic acid,

2- hydr oxyramrlivden ehy @=dxytbepxgine nzypinpatndhol piphesldi kpdpaxydsaphbbabrenel
and 2, 3-di hydroxynapht hal ene; and aromatic carboxylic acid conpounds
such 5as sadaeybb e hydicaxynapitndil ey c2npapidshoplerawl Howmidic resins, phenol
3- hydr oxy- 2- napht hoi ¢ aci d. {0050] 10 Anong these proton donors, an
ar omat i cAeRfydr sR§ivorFotihd 1<eore preferable in the |ight of
stability of a phosphorous conmpound. [0051] Exanples of an aromatic
dihydroxéj ound include aromatic hydroxy conpounds havi ng an

aromatic-ring-cont |n|n ni 15 su techo
pyrogal I ol , prioffP 63I 9 eSL?C% d8ﬁ§ ‘B@&F&&Bﬁ h @H%f compound  include

2, 3-di hyd ht hal d 2

tann|L y%{o G%% d?ﬁ?gg%§§”5 h%:?%ﬁé cg %§H§Ehg &thmn
het t h di

ond 16 Y o oy rsxar PP R OYprﬁgseaﬁcﬁt eclﬁ(%lpnylg %Le'ngle nd

20 1, 2-4 ﬁ{}yqrsgé}.l'mcgﬁgag&er‘?cl 3- d' I?X%Q&ynaphkgﬁéene arbq_sphenol -A)

partlcular
bis (4-hydroxyphenyl)methane, bis (2-hydroxyphenyl)methane ' and

{2-hydroxyphenyl) {(4-hydroxyphenyl)methane, as well as a mixture of
bis(4-hydroxyphenyl)methane and bis(2-hydroxyphenyl)methane and

15 (2-hydroxyphenyl) (4-hydroxyphenyl)methane (for example, bisphencl-F-D
from Honshu Chemical Industry Co., Ltd.); dihydroxybenzenes such as
1,2-benzenediol, 1, 3-benzenediol and 1, 4-benzenediol;
trihydroxybenzenes such as 1,2, 4-benzenetricl; dihydroxynaphthalenes
such as 1,2-dihydroxynaphthalene and 1,6-dihydroxynaphthalene and

20  their isomers; and biphenols such as 2,2'-biphenol and 4,4'-biphenol
and their isomers. Among others, 1,2-dihydroxynaphthalene and
4,4"-sulfonyldiphencl are preferable because they have excellent
balance between rapid curability and storage stability.
[0049]

25 Examples of a proton donor in a molecular compound of a
tetra-substituted phosphonium, a proton donor and a trialkoxysilane

compound include, but not limited to, aliphatic hydroxy compounds such
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preferable. [0052] Exanples of a trial koxysilane conpound include
trial koxysilane conpounds having a substituent containing a
substituted or 25 unsubstituted aromatic ring; trial koxysil ane
conmpounds having a substituted or unsubstituted aliphatic group;
trial koxysilane conpounds having a substituent containing a
substituted or 17 unsubstituted heterocycle or the |like. [0053]
Exanpl esaf an aromati c-r, bhgyE€DsHexiankelgoyr oup i ncl ude phenykthanediol,
pent af | uor ophenyl , benzyl, nethoxyphenyl, tolyl, fluorophenyl, 5

chl or opheyHdinbdemppiienyt]lohitdarephehydsorey anapienydlyaarinppheayiphatic
am nophenoxy, N-phenyl anilino, N-phenylanilinopropyl, phenoxypropyl,
phenyl etdamiyixyliadenyl comaplidsy buandadigienylc c0a541hd Branpbesiofacdn;
al i phatic group include nethyl, ethyl, propyl, 10 butyl, hexyl,

gl yci dylasopatopy hydnese aperaprogy| suahi aspbepydin, ardteichopr opytregallol,
butyl, hexyl, octyl, chloronethyl, brononethyl, chloropropyl,

cyan®pr apsary ldialinfeartiang ioadig | 2 dlvdypryamdiipge rarbodyasybarizyl alcohol,
met hacryl oxypropyl, pentadienyl, bicycloheptyl, bicycloheptenyl and
et hynyl .1~ 4%@@95?XHB@E$§hé%e%ﬁ Fher erothidre=yBaPaiv egedr 60p #FEAIde
pyridyl, pyrrolinyl, imdazolyl, indonyl, triazolyl, benzotriazolyl,
car bazol SAEPO L azi nyAC1%i peFPHRIARISqui NS, nBFphol FAWICY iGr yI ,2cid,

RIS R E T e RN L T
a siIica{&bgg? onin a latent catalyst.
10 Among these proton donors, an aromatic dihydroxy compound is more
preferable in the light of stability of a phosphorous compound.
[0051)
Examples of an arcmatic dihydroxy compound include aromatic
hydroxy compounds having an arcmatic-ring-containing organic group
15  such as catechol, pyrogallel, propyl gallate, 1,2-dihydroxynaphthalene,
2,3-dihydroxynaphthalene, 1,8-dihydroxynaphthalene, 2,2'-biphencl,
tannic acid; and dihydroxy or the like compounds having a
heterocycle-containing organic group such as 2, 3~dihydroxypyridine and
2, 3-dihydroxyquinoxaline. Among these, catechol, 2,2'-biphencl,
20 1,2-dihydroxynaphthalene, 2,3-dihydroxynaphthalene are particularly
preferable.
[0052]
Examples of a trialkoxysilane compcound include trialkoxysilane
compounds having a substituent containing a substituted or
25 unsubstituted aromatic ring; trialkoxysilane compounds having a
substituted or wunsubstituted aliphatic group; trialkoxysilane

compounds having a substituent containing a substituted or
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[ 0056] Exanpl es of a trial koxysilane conpound having a group
containing a substituted or unsubstituted aromatic ring include 25
phenyl tri met hoxysi |l ane, phenyltriethoxysil ane,

pent af | uor ophenyl tri et hoxysi |l ane, 1-naphthyltrinethoxysil ane and

(N- phenyl.am nopropyl )tri met hoxysil ane. 18 [0057] Exanples of a

trial koxysil ane conmpound having a substituted or unsubstituted

al i phat i \ghgirRUprinsd udecrstfyld irmehboxyial.l ane,

met hyl tri et hoxysil ane, ethyltrinethoxysilane, ethyltriethoxysilane, 5
hexyl t ri pet3zaxysi | ane, vinyl trimet hoxysil ane, hexyltriethoxysil ane,
3-gl yci dyl oxypr opyl tri met hoxysi | ane,

3- mer capt opr oBsanpilaet dibXxars idramet and-i3ganomopiropyl yrougetimeyde | Ereyl,
[ 0058] Exanpl es of a trial koxysilane conpound having a group

cont ai nipentafQuarspleEstyilt ut edneyl unswdastaxdyphedyhet erw@opc| e filnotagenyl,
2-(trinmethoxysilylethyl)pyridine and

N- ( 35t r i pleltdrorpsiny Yl phopyDhsywiel e1itErphghwls ofvanaphiesyit ueningwhanyd ,
aliphatic group include glycidyl, nercapto and am no, and exanpl es of
a subst i FWEWPhERCt e NaPbraYlaniliing, dPhehylaet einseyerel i mbragsypPropyl,
met hyl, 15 ethyl, hydroxy and am no. [0059] When a phosphorous
conpoundﬂ¥§mﬂ§ééwa§ba1€GPPﬁb'dﬁ%ﬁF?Y?t%mjﬁﬁéﬁﬁmhb-rate is, for

exanpl e, &q%ﬁl to or nore than 0.005 % by weight and equal to or

| ess thakP% % by weight, preferably equal to or nore 20 than 0.01 %

DY el O and el 0, Prod SSRAAIED. BB A A b8 oo,
bl engj ng,f@he of,, & ANOSRARLLUS: SR, 102 005: 58 pet 9k; QL. JrS.
anilinopropyl, butyl, hexyl, octyl, chloromethyl, bromomethyl,
chloropropyl, cyanopropyl, diethylamino, vinyl, allyl,
methacryloxymethyl, methacryloxypropyl, pentadienyl, bicycloheptyl,
bicycloheptenyl and ethynyl.
15 [0055]

Examples of a heterocycle-containing group include pyridyl,
pyrrolinyl, imidazolyl, indonyl, triazolyl, benzotriazolyl, carbazolyl,
triazinyl, piperidnyl, guinolyl, morpholinyl, furyl, furfuryl and
thienyl. Among these, wvinyl, phenyl, naphthyl and glycidyloxypropyl

20 are more preferable in the light of stability of a silicate anion in

a latent catalyst.

[0056]
Examples of a trialkoxysilane compound having a group containing
a substituted or unsupstituted aromatic ring include
25  phenyltrimethoxysilane, phenyltriethoxysilane,

pentaflucrophenyltriethoxysilane, l-naphthyltrimethoxysilane  and

(N-phenylaminopropyl) trimethoxysilane.
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the thernosetting resin can further effectively function as a curing
catalyst, resulting in inproving curability of the adhesive tape. 25
Furthernore, by adjusting a blending rate of the phosphorous conpound
to 10 % by weight or less, a nelt viscosity of a resin is not so high
at a nelting tenperature of the solder, resulting in a favorable

sol der 19 connection structure. In addition, storage stability of

t he adhepiosz) tape can be further inproved. These curing agents may
be used alone or in conbination of two or nore. 5 [0060] Exanples of

a filmform nEtaplasi ofladei pherxesy1aesidspoudNeahera resisistuted or
pol yur et hane resins, polyimde resins, siloxane-nodified polyimde
resins, poudsutadiehe, apophgiriapylgmep include methyltrimethoxysilane,
st yrene- but adi ene- st yrenecopol yners, 10

st yr ene-retthiyilémeebutytssienst yeemel toopethoeysi lapel yatey Hiricebbrgsilane,
pol yvi nyl butyral resins, polyvinylacetal resins, butyl rubbers,

chl orfoprkerwytghbetkoxysdllpani delrngdimsethexydidainer i hexplitriditbpsysilane,
copol yners, acrylonitrile-butadi ene-acrylic acid copol ynmers,

acryl oni $T19veiptit adyRieeydLyegtdiceygolirs, pol yvi nyl acetate, Nyl ons
15 and acrylic rubbers. These may _be used al one or in conbination of
two or TorECAPEORIIPRAEATEEIPY S LR MY e RORICRY T L RE FRisAdane -
resin, tPﬁsggenoxy resin preferably has a nunber average nol ecul ar
wei ght o $60 to 15000. 20 By using such a phenoxy resin, fluidity

of &, s ve,| 448 0o 010U LI SN be, LRSS A S K A copratping
SRS R It R R Ly TR
2—-(trimethoxysilylethyl)pyridine and
N-(3-trimethoxysilylpropyl)pyrreole. Examples of a substituent in the
aliphatic group include glyéidyl, mercapto and amino, and examples of
a substituent in the aromatic ring and the heterocycle include methyl,
15  ethyl, hydroxy and amino.
[0059]

When a phosphorous compound is used as a curing agent, its
blilending rate 1s, for example, equal to or more than 0.005 % by weight
and equal to or less than 10 % by weight, preferably equal to or more

20 than 0.01 % by weight and equal to or less than 5 % by weight to the
total amount of the components of an adhesive tape. By adjusting a
blending rate of a phosphorous compound to 0.005 % by weight or more,
the thermosetting resin can further effectively function as a curing
catalyst, resulting in improving curability of the adhesive tape.

25  Furthermore, by adjusting a blending rate of the phosphorous compound

to 10 % by weight or less, a melt viscosity of a resin is not so high

at a meiting temperature of the solder, resulting in a favorable solder
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absorption of 1 %or less is preferable because foam ng or detachnent
25 can be prevented at an el evated tenperature during joining or

sol der nounting. [0062] 20 Furthernore, by way of inproving

adhesi veness and conpatibility wth another resin, a resin having
nitrile, epoxy, hydroxy and carboxyl can be used as the above
filmformng resin, and such a resin may be, for exanple, an acrylic

rubber. &AMeAidE] RO RBUIE! Y IThCaddiieh, astdrabkel StAQNAERTof SkNadhesive
filmdeposition stability can be inproved during preparing a film
adhesi vecd@peanFiet herdnereimaroweldast i ¢ nmodul us of an adhesive tape
can be reduced and a residual stress between an adherend and an
adhesi ve tapeTiae barimglucedrs tmay ivprovel adbasi arerdassotioirtatdon of two
adherend. 10 [0063] The acrylic rubber preferably is a (neth)acrylate
ester copatomer contai ning a nononer unit having, for exanple,

epoxy, hydroxy, carboxyl or nitrile. Thus, it can further inprove,
for éxanpP@0] adhesi veness of a rear surface of a seniconductor

el ement and a coating 15 material on a sem conductor elenent to an
adher end. Exanpfa®lef £f nBndief- 688 58 alfids) aphsaute 23615,
copol ynmer include glycidyl(nmeth)acrylates having a glycidyl group,
(met h) acPHYREST havPhi e hy ACOXYIGFRAIE  ( ReERTacr yIRRIGETRES| ngrasins,

con o Bt Gl TEATUACCH SO R D9 T rop tad i e
(neth)acryl ate es erico_pk ner con&aining a monomer unit having a
carboxylsgﬁ§ﬁﬂ?.%$%ﬁ§,e %3F|§5 BFCAY-ddhesi ve filmis further
acce|prated . and, AdNGII YRS L AR AdNCL G0 GRD PE LORNOLED:  resins,
polyvinylbutyral resins, polyvinylacetal resins, butyl rubbers,
chloroprene rubbers, polyamide resins, acrylonitrile-butadiene
copolymers, acrylonitrile-butadiene-acrylic acid CopOLymers,
acrylonitrile~putadiene-styrene copolymers, polyvinyl acetate, Nylons
15  and acrylic rubbers. These may be used alone or in combination of two
or more.
[0061]
When using a phenoxy resin as a film-forming resin, the phenoxy
resin preferably has a number average molecular weight of 5000 to 15000.
20 By using such a phenoxy resin, fluidity of an adhesive tape before curing
can be reduced to make an interlayer thickness uniform. A phenoxy resin
framework may be, but not limited to, a bisphenol-A type, bisphencl-F
type or biphenyl framework type. A phenoxy resin with a saturated water
absorption of 1 % or less is preferable because foaming or detachment
25 can be prevented at an elevated temperature during joining or solder
mounting.

[0062]
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25 [0065] When using a (meth) acrylate ester copolyner containing a
nmononer unit having a carboxyl group, a content of the nononer unit
having a 21 carboxyl group in a copolyner is, for exanple, 0.5 % by
wei ght or nore, preferably 1 %by weight or nore to the total anount
of the (meth)acrylate ester copolyner in the light of further

i nproving adhesiveness to an adherend. A content of the nmonomer unit

having a 5 carhexpbris@ipblSiayf 6f i@%aoPley adfebhrhasei HH colipd ©FS1ity
preferably 5 % by weight or less to the total amount of the

(et h) acrithagrestestreres iCQ P BB Harihheikirghé, @boky) tydrokphawai®hoxyl
storage stability of an adhesive film [0066] 10 A weight average
nol ecul ararmek gitedobist ties @etrh) aidmHfateiestresincopal poeh d sestomay be,
exanpl e, equal to or nore than 1,000 and equal to or |ess than

1, 000, OO0»r prefetablay equalid ocubbenore than 3,000 and equal to or

| ess than 800, 000. The nol ecul ar weight within the above range

al |l ods for furiesr naprovemenecofligepssbieenn asr operfiles fotmang resin,
adhesive 15 filmand for ensuring fluidity during adhesion. [006;[ A
wei ght ahidimagereplidcn &tahelghy &40 thRe IMRICNPdcAFARe REtRaring a film
copol ynmer _can be determ ned by, for exanple, gel perneation

chr onat GHFESAYE ((@PE) , FunERPMIHE ntaStREREN IO Of iTs 2dheiveekapmpcan

20 chronat ogr.aph: hi gh-spege C_SC- 8020 (nmanufactured, by Tosoh X
Cor por atTOREIORG e ST SR R IOFREST Peeordit Gracra! Ghangh cuihssiere
t et rahydr of ur an. %00%@% @ | ass-transition te ngt% e of the
(et hy BcriieaPen dit decis8de ousd YRR U7 e VERaRD @, Te IS rgher
prefl%r abﬂ%é%]c or hi gher

The acrylic rubber preferably is a {meth)acrylate ester
copolymer containing a monomer unit having, for example, epoxy, hydroxy,
carboxyl or nitrile. Thus, it can further improve, for example,
adhesiveness of a rear surface of a semiconductor element and a coating

15 material on a semiconductor element to an adherend. Examples of a
monomer used in such a (meth)acrylate ester copolymer include
glycidyl (meth)acrylates having a glycidyl group, {(meth)acrylates
having a hydroxy group, (meth)acrylates having a carboxyl group,
(meth)acrylonitriles having a nitrile group and the like.

20 [0064]

Among these, 1t 1is particularly preferable to use =&
(meth)acrylate ester copolymer containing a meonomer unit having a
carbozyl group. Thus, curing of an adhesive film is further acceleratead
and adhesiveness to an adherend can be improved.

25  [0065]

When using a (meth}acrylate ester copolymer containing a monomer

unit having a carboxyl group, a content of the monomer unit having a
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i in the light of preventing an adhesive filmfrom being too adhesive
to further inprove workability. Furthernore, a glass-transition 22
tenperature of the (neth) acrylate ester copolyner is, for exanple,
30 C or lower, preferably 20 C or lower in the light of further

i nprovi ng adhesiveness at a | ow tenperature. [0069] 5 A

gl ass-transition tenperature of the (neth)acrylate ester copol yner

can be deimsoRyNegroud of sesaiillyaerf 1OMFBR dxabee] 0% PUWeigl Bk Nede,
by pulling it while raising a tenperature at a tenperature-increase
rate of fre@erabl{rdm %65yC wider eoxomstantol aad £ IMpmoisiingof f ahe
exanpl e, a thernonechani cal property analyzer 10 (rmanufactured by

Sei ko | ngtatinrentgldine . estEMA GH@100¢r 1H0QRB] 1Agbht endi grthte dhpitdveng
filmformng resin nay be, for exanple, equal to or nore than 5 % by
wei ght aathesduahes®d tor aheadhartand. 458 W6dnrennedfHthet mobhdreet omal aaroungt a
of the components of an adhesive tape. Wen 15 the filmform ng resin
i s cont atadxmilt eEovct he, dvevexamrige, 10 deberioichti on lassdepozfiaraohy 5 %
properties can be prevented and increase in an elastic nodulus of

t he adhedy véeidhybse O&f LeBSchipi Bee i ©olprlevERbBH, of sBhe htetddResyidireestes
an adherend can be further inproved. Furthernore, the rate within

t he abov%999%¥@§raFmoEE?'ﬂéﬁhBr%@eﬁﬁWFHQrOFmPQRYHnﬁcFE%%%Q?I?tébhé¥¥y of an
vi scosity of .the hesi ve tape. [0071] An adhesive tape of the
present %V%ﬁﬁ?oﬁ?ﬁﬁy further contain a silane coupling agent. By
using a ﬁg%%ge coupling agent, the adhesive tape can have further

i nproved siveness to an adherend. Exanples 25 of the silane

Coupkjng agentAid&?gﬂqeaﬁggﬁ%§h&?@guﬁﬂyekﬁggtQ%?Q%%’(meth)acrylate ester

copolymer is, for example, equal to or more than 1,000 and equal to or

less than 1,000,000, preferably equal to or more than 3,000 and equal

to or less than 800,000. The molecular weight within the above range

allows for further improvement of deposition properties of an achesive
15  film and for ensuring fluidity during adhesion.

[0067]

A weight average melecular weight of the (meth)acrylate ester
copolymer can be determined by, for example, gel permeation
chromatography (GPC), under the measurement conditions;:, for example,

20  chromatograph: high-speed GPC S$C-8020 (manufactured by Tosoh
Corporation), column: TSK-GEL GMHXL-L, temperature: 40 °C and solvent:
tetrahydrofuran.

(0068]

A glass-transition temperature of the (meth)acrylate ester

25  copolymer is, for example, 0 °C or higher, preferably 5 °C or higher
in the light of preventing an adhesive film from being too adhesive to

further improve workability. Furthermcre, a glass—-transiticn
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aromati c-contai ning am nosil ane coupling agents and the |ike. These
may be used alone or in conbination of two or nore. A blending rate
23 of the silane coupling agent may be, for exanple, 0.01 to 5 % by
weight to the total anobunt of the conponents of an adhesive tape.

[0072) Furthernore, an adhesive tape of the present invention my 5
contai n conponents other than those described above. For exanple, a

vari ety wmpaedttity e Ry (lehappreRidadeler assiedmieerid, s Ovkago Mgl BOUS
properties of a resin such as conpatibility, stability, workability

or the d# Rewel D@REBlferdPl T Iper €Cwt [1oker desehebethhia profeshefrOimproving
manuf acturi ng an adhesive tape of the present invention. The

adhesi veadtapd veass beatprepaw etk rabliendi ng a fl ux-acti ve conpound, a
thernosetting resin and a filmformng resin, applying the m xture
to a rel Bd%81l i ner such as a polyester sheet, and drying the sheet

at a given tenperature. 15 [0074] In one enbodi ment of the present

i nveldtion, anZadibsisrereapeticn tdmpexeterezed ithet haethheprwiate ester
adhesive tape is attached to the surface of an oxidized copger pl ate
and i s redRrdeeat caBPCoRserBHEd i nGPE P¥AMRIfe AFPT N coPpertdxy dewint
reduction rate of the cogper pl ate represented 20 by equation (1) is
70 % or FRIENetheby| uRVhttiVe HonpBid® | FadapaBl e? ofSFRRMFGURG aRt @
oxi de Iager on _the el ectrode sg&égcQHin tgg cigéqit board and thus q
renovi ng"THETGXIHE YUFEFSCATEE i o R THr%a ColpT axgdetant Loa
adequat e # renove. t he oxide | ayer for_preventing defective

connect i 1) Yok GHtdr ity TEPEY 6 HEFECT R HEFhOEE CPPRCY n&"F 1R
of 1§pr oyeient 2810 & Banding ropabilify. angybaodpghiabi ity under
vari‘ous ‘clircunstances after bonding, ateduction of a’ Copper oxide
IS prefef@gﬁdé

A blending rate of the film-forming resin may be, for example,
equal to or more than 5 % by weight and equal to or less than 45 % by
weight to the total amount of the components ¢f an adhesive tape. When

15 the film-forming resin 1is contained within the above range,
deterioration in deposition properties can be prevented and increase
in an elastic modulus of the adhesive tape after curing is prevented,
so that adhesiveness to an adherend can be further improved.
Furthermore, the rate within the above range allows for prevention of

20  increase in a melt viscosity of the adhesive tape.

[C071]

An achesive tape of the present invention may further contain a
silane coupling agent. By using a silane coupling agent, the adhesive
tape can have further improved adhesiveness to an adherend. Examples

26  of the silane coupling agent include epoxysilane coupling agents,

aromatic-containing aminosilane coupling agents and the like. These

may be used alone or in combination of two or more. A blending rate
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75 % or nore, nore preferably 80 % or nore. 24 Next, there wll be
described the conditions of reduction of the copper oxide (230 C,
one mnute) . Since reduction of the copper oxide in the flux-active
conpound is initiated at a tenperature higher than the nelting point
of the flux-active conpound, a tenperature of 5 reduction of the
copper oxide can be appropriately adjusted, depending on the

f 1 ux- actdvenhe yyipada ol ihaaRinfiefiahaad, fdoex d,nberl ayes % by weight
connection in a circuit board, a |lead-free solder such as Sn/3.5Ag

(221 O) ,tSrnhd. €Aga10 abcunt 247 1Bk, cGie@BBits( 38%rC)adbest ie tddee i s used
and nost of these have a nelting point of 230 C or | ower. Therefore,
10 in thi®7@rbodi nent of the present invention, a reduction
tenperature for a copper oxide is 230 C. A reduction tine is one

m nute in the Furthhtnofe,a an nedfegriveeltepag o6f thhepkkssnacinwantion may
compound for wetting the surface of the copper oxide and initiating
reduét i orontand ¢URRdreniBr ethamithan i giosen deeatidigdopbots. [ BRI5ExaAple, a
copper-oxide (CuOreduction rate is represented by equation (1) and
can be d&EEkYneld Bt heeT SRYOW RPEeRsIAtTSY ﬁ@i@%épf PEFHONRE o T1ous
Copper-oxide reduction rate (%9 _ {1-(0 atom concentration after 20
reduct i FHIPCHTAEDRICDAEEAT T S 0AS STBRT 8T ddtrir oF)3PLL L1 Ege workggiht iR
(1) Measuri met hod (1) A copper plate with a thickness of 70 pm
(nanufaé#ﬁﬁggkﬁy Mtsui Mning And Snelting Conpany, Limted, 3EC 3,
thicknesgmf% to 3 25 pn) is soft-etched with a comrercially

avai | abl éhant. (2) The soft-etched copper plate is oxidized in

the ﬁyr in an heGR wfﬁl %EQdé%in%e§Qag&BCess for manufacturing an adhesive

tape of the present invention. The adhesive tape can be prepared by
blending a flux-active compound, a thermosetting resin and a
film—-forming resin, applying the mixture to a release liner such as a
polyester sheet, and drying the sheet at a given temperature.

15 (0074]

In one embodiment of the present invention, an adhesive tape is
characterized in that when an adhesive tape is attached to the surface
of an oxidized copper plate and is reduced at 230 °C for one minute in
the air, a copper-oxide reduction rate of the copper plate represented

20 by equation (1) is 70 % or more. The flux-active compound is capable
of reducing an oxide layer on the electrode surface in the circuit board
and thus removing the oxide layer. A reduction rate for a copper oxide
adequate to remove the oxide layer for preventing defective connection
from cccurring is 70 % or more. Furthermore, in the light of improvement

256 in a bonding probabllity and bond reliability under various
clrcumstances after bonding, a reduction of a copper oxide is preferably

75 % or more, more preferably 80 % or more.
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25 (3) An adhesive tape with a thickness of 25 pmis attached to the
surface of the oxidized copper plate, and is subjected to reduction
in the air at 230 C for one mnute. (4) Wthin one mnute after the
reduction of Step (3), the 5 adhesive tape conponents renaining on
the surface of the reduced copper plate are renoved by acetone. (5)
The copper plate after renmoving the resin conponents is imediately

transferred taueéktyached gesl geadddcrandqviafluihait R sf OF redidi Nt bh&he
copper plate surface. The copper plate is stored under vacuum

until EStdppmasyi®enso °CH)orkhaisurd)acesfcd hedudtisnoxt dha esbpgeppsfide
pl ate and the reduced copper plate to a depth of 40 A are renoved by

pl asma tieathaeflux-Hgdyve dinpanddOlationtcansentr attionsraterselighst netn
by ESCA (nmanufactured by ULVAC-PH Inc.). The plasna treatnent and

t he ESCA:reaselteimentpame kEF codmdutled-amdee aovpocwuin ai mbspbersgture of
Renoval of the surface of the copper plate to a depth of 40 A by

pl asra tredtgmpn ¢ thercagipemi gwitdengan bef dpmmpeief el adiislii b ddspeddicg
during handling for measurenent. The neasurenent conditions of ESCA
used ar ecmstielilonsactiie) cpuppwed ecOnoithe akichasf haadgl Eor 4hedagtoplayer
(1) X-ray sounce:.Alka-ray.&nnnochrone (iii) Analysis range: 0.8
(D (7) CHRSSFIEN| &R P abbr BEitt ReaEdpperiend-decks selietulaichd ags Fpg3 - SRy
equat i on ééi.o 0076 25 1 n one_ enhodi nent _of the present invention,
o adhesi L i Ghe o3 BRart S 1200 Ph CRAES et 1 G0 g e TR 15%bed

tin-cont gl 0ing. sol der. all wth, 8.l aeter - ofs 59 pmidnethe Adheple
10 in this embodiment of the present invention, a reduction temperature
for a copper oxide is 230 °C. A reducticn time is one minute in the
light of a time for melting cof the flux-active compound for wetting the
surface of the copper oxide and initiating reduction, and furthermore
variation in reduction.
15 [0075]
A copper~oxide (CuQ)reduction rate is represented by eqguation

(1) and can be determined by the following measuring methcd.

Definition
Copper-oxide reduction rate (%) = {1-(0 atom concentration after
20 reduction)/ (0 atom concentration after oxidation)} x 100 ---~Equation
(1)

Measuring method

(1) A copper plate with a thickness of 70 pm (manufactured by
Mitsui Mining And Smelting Company, Limited, 3EC-3, thickness: 2 to 3
25 pm) is soft-etched with a commercially available etchant.

(2) The soft-etched copper plate is oxidized in the air in an oven

at 220 °C for 30 min.
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of 30 C higher than the nelting point of the solder ball for 20 sec,
a solder wet spread rate represented by equation (2) is 40 % or nore.
The flux-active conpound is capable of reducing an oxide layer in a
sol der bunp, reducing a surface tension of the solder and i nproving 5
sol der wettability. Wen using a solder bunp for nmetal bonding of a
circuit board, the larger a wet spread rate of the solder is, the
stronger netal (3yebaladbeBtvé Sape6sitht & M@ itRneSE HETTL i N DAL SHIdengthe
A sol der wet spread rate adequate for preventing defective bonding is
40 % or smrrfacel of tthe dstightzedf cappatroyement andd ia Samkdwgdptolabiubtioh in
and 10 bonding reliability under various atnosphere, a sol der wet
spread r@dte airsapraferabiyr 4ndsanumere, nore preferably 50 % or

nore. Next, the conditions for neasuring a solder wet spread rate
(heating at a t8npartator enef m83QUIE hifgieer thikamedugelan ngt pdiap ©F rathe
solder ball for 20 sec) will be described. The tenperature nust be
at | astadiBsiivgHeret frIPCaSREE teRg Lpaig tnoftheashekabe pedheotatbicegatdrper
such as Sn/Ag (221 C, Sn-3.0Ag-0.5Cu (217 C, Sn-58Bi (139 C or
the |ikelebuptRersitv@d PBra¢d@i€i-ng variation in wet spreadi ng of

t he sol der ball the tape is heated at a tenperature of 30 C hi%hen

than a nel tingPoiTe SHPPERePYHIIEH 15l IFERAVHI difSodieRaRt COTPRIREILS is
t ] ti . A heati 0 ti i 2 Y in the, |ight of i
For ol t1HErCohs P EacEhe® CompoUMa Jor rBbPhoid ERE EoPHEH L8
bal | sur 2ce de wet spre di ng %Icet h% sc%l der@?a}é,.saq}do feltgirtherrrr[)rcgt\1
vari ati OF THSNEL SPrRSaar o of TS ol BB F OPPEBEITT ASSOIHer Wt o as
rat%ois15%Bﬁ¢%§8£qgaﬂXF%ﬁ%§£ion (2) and can 25 be determ ned by the
met hod.

fol I'owi ng neasuri ng Definition Solder wet spread rate (% _

[{(dianmeter of (@ $RL A8k rald olfatj.ﬂe?’ tl@@@hgfﬁiéem 85{5’5?&?1_5 pﬂ'?g{@'én&BEhe reduced

spreadi ng)}/ (dianeter of a solde
copper plate to a depth of 40 A are removed by plasma treatment. Then,

Cu and O atom concentrations are determined by ESCA (manufactured by
ULVAC-PHI Inc.). The plasma treatment and the ESCA measurement are
15  conducted under a vacuum atmosphere. Removal of the surface of the
copper plate to a depth of 40 A by plasma treatment is for eliminating
influence of an oxidized surface during handling for measurement.
The measurement conditions of ESCA used are as follows:
(i) Photoelectron take-off angle: 45 deg
20 {(ii) X~ray source: Alko~ray (monochrome)
(iii) Analysis range: 0.8 mmd
(7) A reduction rate of the copper oxide is calculated using
equation (1).
[0076]
25 In one embodiment of the present invention, an adhesive tape is
characterized in that when placing a tin-containing solder ball with

a diameter of 500 ym on the adhesive tape and is heated at a temperature
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ball)]xI OO ---Equation (2) Measuring nmethod (1) An adhesive tape with
a thickness of 15 pmis attached to a 5 bare Cu plate (manufactured
by Hrai Seimtsu Kogyo Co., Ltd.). (2) The follow ng solder balls
with a diameter of 500 pmare gently placed on the adhesive tape.

(i) Sn/63Pb (melting point: 183 C, manufactured by Senju Mt al

| ndustry Co. Ltd.) 10 (ii) M1 (Sn/Ag/Cu, nelting point: 217 C

manuf actds ed try h3gRkY tHdR! @hel AEIUSHEYp&ht liedehe (ddlidkrUZO1( $8LBIO sec,
melting point: 138 C, nmanufactured by Senju Metal Industry Co. Ltd.)

(3) In acceldenceWspheAS B bdbesanbed P} ateatsorhealets ta® @ odmore.
tenperature of 30 C higher than a nelting point of each solder and on
t he hot Teatfé@pxtdnetiateovempanpd 63 sahelatiedf aeddbisean (E4X)idA heyghtinot
t he wet-spreading solder ball on the bare Cu plate is nmeasured. (5)
Usi ng emqeaideonb@), medsicliderawstirfspeebensiaire dfsthbal selderednd 2@roving
[0078] In one enbodi nent of the present invention, an adhesive tape
Wi thd a sdlideknesistadfiliog. priviieas uginela seildevdhunp Ghrengizl bondingrmiea
than 10 Pas and equal to or |ess than 10000 Pas at 223 C. A nelt

Vi scosi tArcyf.t 100mEd, drharokecaetnaprel eppranst aidter afi heofodfiesison the
reliability 25 due to protrusion of an_adhesive tape from an adherend
duri ng h¥HA§T B cBREakhiavac ohr dPSELEFMUAR HYC RS 0 tved strength.

protrusion. _In addition, foam ng and defects such as_unfjlljing of an
upper arfd S21FBheCcFPETRY 1358 & ecg‘h‘f B&HreveH gaﬁeﬁﬂ%bpﬁ@r%q 1S

it can preyent g proglemihat  excessive wet spreading of 4 SoLdel o
10 bonding reliability under various atmosphere, a solder wet spread rate
is preferably 45 % or more, more preferably 50 % or more.
Next, the conditions for measuring a solder wet spread rate
(heating at a temperature of 30 °C higher than a melting point of a sclder
ball for 20 sec) will be described. The temperature must be at least
15 higher than a melting point of a lead-free solder ball such as Sn/Ag
(221 °C), Sn-3.0Ag-0.5Cu (217 °C), Sn-58Bi (139 °C) or the like.
Furthermore, for reducing variation in wet spreading of the sclder ball,
the tape is heated at a temperature of 30 °C higher than a melting point
of the sclder ball in an embodiment of the present invention. A heating
20 time is 20 sec in the light of a time for melting of the flux-active
compound for moving to the solder ball surface and wet spreading of the
solder ball, and furthermore variation in wet spreading of the solder.
[0077]
A solder wet spread rate is represented by eguation {2) and can
25  be determined by the following measuring method.
Definition

Sclder wet spread rate (%) = [{({(diameter of a solder
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adj acent el ectrodes. A nelt viscosity of 10000 Pas or |ess allow for
prevention of defective binding due to elimnation of a resin between
5 a solder bunp and a circuit board el ectrode during netal binding of
the solder bunp and the circuit board electrode. A nelt viscosity is
preferably equal to or nore than 100 Pas and equal to or |ess than
3000 Pa-s, particularly preferably equal to or nore than 300 Pa and
equal  twxlan -l eseddhami teds ParfFerl@et 08 HadiRgPne(EiRedepest Dfsdiber
present invention, an adhesive tape is characterized in that when

t he adhesiive |kape wi-t-HEgqaatidrckizéss of 100 pm gives a m ni mum nelt
viscosity of equal to or nore than 1 Pas and equal to or |ess than
10000 Pagwasripasuwt@edat 25 to 250 C by a 15 viscoelasticity
measuring instrunment in a tenperature-increase rate of 10 C/mn and
a frequency of(10. inHxlheFheetmpm WathisntihioetessypScsivyls sdaghed to a
herein refers to a mninumnelt viscosity as determ ned under the
abové® nEwsEr Chgpboli tieensadinredt brpdietiufeindbge kobyesCeo 280-C. A
mnimumnelt viscosity of 1 Pas or nore allows for preventing 20
deterioration {4 d8ReSPbIPWiEK aples ywadds tdThradtdimicdsropitHed um are
adhesive tape during heating irrespective of the type of the sol der
bunp ande¥dwt RERFRS @%F%@@%%VEO\E@% nation of the surrounding due

to the protrusion. addi tjon, foam and defects such a .

it TG of - o BpperPaaie b Hoer a0 diet olpust conine o Srane diptal
Furthermpre, .it can 25 prevent a problemthat excessive wet spreading
of a soﬁgéusggﬁsé%'§%6¥$ circuit between adjacent el ectrodes. A

DU, oL o OB 480900 g ol 35 of Lot LG BLENEH L g

I M na aresin Ween a
bump and, g gi &gg%%tgpgﬁg r.ehectrode during nmetal binding of the

sol der bunp an e circurt board electrode. A mninmmmnelt
viscosity is prefigrabhyggeal 10 Qhg"Bsent:NaAs °c, manufactured by Senju
Metal Industry Co. Ltd.)
(3) In accordance with ASTM B 545, a hot plate is heated to a
15  temperature of 30 °C higher than a melting point of each solder and on
the hot plate, the above sample is heated for 20 sec.
{4) A height of the wet-spreading solder ball on the bare Cu plate
is measured.
(5) Using equation (2}, a solder wet spread rate is calculated.
20 [0078]
In orne embodiment of the present invention, an adhesive tape with
a thickness cof 100 um has a melt viscosity of equal to or more than 10
Pa-s and equal to or less than 10000 Pa-s at 223 °C. A melt viscosity
of 10 Pars or more can prevent detericration of acdhesion reliability
25 due to protrusion of an adhesive tape from an adherend during heating

and contamination of surrounding due to the protrusion. In addition,

foaming and defects such as unfilling of an upper and a lower circuit
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3 Pa's and equal to or |ess than 3000 Pa- s, particularly preferably
equal 5 to or nore than 5 Pas and equal to or |ess than 500 Pa-s.
[0080] A nelt viscosity of an adhesive tape can be determ ned by the
fol |l owi ng neasuri ng nmethod. Measuring nmethod 10 An adhesive tape with
a thickness of 100 pmis subjected to neasurenent by stress
detection under a constant strain using a Vviscoelasticity nmeasuring

I nst r umaidardBnesn S eesviiscdl), RaRtiaGieedit AnHANKEANG brbBldén that
tenperature-increase rate of 10 Cmn and a frequency of 0.1 Hz, and

a Vi scosdigesat vanwat Meppieiing tofmer edidee faubds23Bot Wai £duits Between
melting point of Sn/3.5Ag is defined as a neasured nelt viscosity at
223 C. Asdfiamendnlreittrodeéscolihgld nishesiragnge 1000B5PE s be P53 E€liswe for
defined as a nmeasured mninmumnelt viscosity. [0081] An adhesive tape
of the pmsentiomventiedectneet bionding poefter ablipin@0i donwof arpesin between
preferably all of a copper-oxide reduction rate, a solder wet spread
r at e Sanch sokder buingcusi eyciwichhi rpoahrd alsrecdamyss ng[16982] bindigg of the
preferabl e enmbodi nent of the present invention, an adhesive tape
cont ai nssolisigr Honp| apdt Bk telraié PerrdwkrrtcosBoneht seltorternsity2ss
of the indicated conponents are expressed in % by weight on the basis
of the tiefierahbymdust ﬁ%@ré@ﬁ?ﬁoﬁm §00 (Pla)'slﬁﬁ%%%}a]r £8iqr 183 $hap 00
by weight 30 3 (ii) hi qgui d_bi sphenol - A type epoxy. resin: 40 to 70 %
by wei ght?" i PR} T PhERSI ynaﬂ%@%ﬁgs?ﬁ%alléot 8% 21 bPeet Ghtta( pyy equal
FI ux- act%georcgg‘ggutr}ganh%bggpgsphenol i ¢ hydroxyl group: 5 to
10 [0079]
In one embodiment of the present invention, an adhesive tape is
characterized in that when the adhesive tape with a thickness of 100
pm gives a minimum melt viscosity of egual o or more than 1 Pass and
equal to or less than 10000 Pa:s as measured at 25 to 250 °C by a
15  wisccelasticity measuring instrument in a temperature-increase rate of
10 °C/min and a frequency of 0.1 Hz. The term "minimum melt viscosity"
as used herein refers to a minimum melt viscosity as determined under
the above measuring conditions in a temperature range of 25 to 250 °C.
A minimum melt viscosity of 1 Pars or more allows for preventing
20 deterioration in adhesion reliability due to protrusion of the adhesive
tape during heating irrespective of the type of the solder bump and
furthermore preventing contamination of the surrounding due to the
protrusion. In addition, foaming and defects such as unfilling of an
upper and a lower circuit boards can be prevented. Furthermore, it can
25 prevent a problem that excessive wet spreading of a solder causes short

circuit between adjacent electrodes. A minimum melt viscosity of 10000

Pars or less allow for prevention of defective binding due to
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20 % by weight. 5 [0083] In a preferable enbodi mrent of the present

i nvention, an adhesive tape contains the follow ng conponents. (i)
Phenoxy resin: 5 to 30 % by weight (ii) Liquid bisphenol-A type epoxy
resin: 40 to 70 % by weight 10 (iii) Phenol novolac resin: 10 to 25
% by weight (iv) Flux-active conmpound having a carboxyl group: 5 to
20 % by weight. [0084] In a preferable enbodi nent of the present

i nventi oflirdmaadteso¥ea 1bsimpectoaniaiansdliderf dliywang sooponeit Scard
(i) Phenoxy resin: 5 to 30 %by weight (ii) Liquid bisphenol-A type
epoxy r eslautrédbetanri@gihdialveighing 61 ithy fRiekal bumgy ehddheesinruitOodaard
25 % by weight (iv) Flux-active conpound having a phenolic hydroxyl
group anele@@odecahhoyyivugmglds: vidosi29 1% pbyefogiaghy .equed85] of moge than
pref erabl e enbodi nent of the present invention, an adhesive tape
cont ai ns3 Phes o esvicdg-conpgeneithen 3000 Rhenddrtiisgilarl b prefsmblyighual
wei ght 25 (ii) Liquid bisphenol-A type epoxy resin: 40 to 70 % by

wei gt 9191 TPEedEE & PeIB1and G&U@gbyovﬁ-ﬁ gRes (FRan PUUxPacti ve
conmpound havi.ng a phenolic hydroxyl group and 31 a carboxyl group: 5
to 20 % bYP8Hi ght. [0086] In a preferabl e embodi nent of the present

i nvention, an adhesiv tape cqontainsg the foll ow ng. conpponents.
ﬁ?me t v%scos Ty a% an aékeglve tape cangbe terﬂlned by the

following measuring method.

Measuring method

10 An adhesive tape with a thickness of 100 pm is subjected to
measurement by stress detection under a constant strain using a
visceoelasticity measuring instrument (Rheo Stress RS-10, manufactured
by HAAKE Inc.) in a temperature-increase rate of 10 °C/min and a
frequency of 0.1 Hz, and a visccsity at an atmospheric temperature of

15 223 °C which is a melting point of Sn/3.5Ag is defined as a measured
melt viscosity at 223 °C. A minimum melt viscosity in the range of 25 °C
to 250 °C is defined as a measured minimum melt viscosity.

[0081]
An acdhesive taps of the present invention meets one, preferably

20 two, more preferably all of a copper-oxide reduction rate, & solder wet
spread rate and a melt viscosity within the akove ranges.

[0082]
In a preferable embodiment of the present invention, an adhesive
tape contains, but not limited to, the fcllowing components. Contents

25 of the indicated components are expressed in % by weight on the basis
of the total amount of the components.

(1) Phenoxy resin: 5 to 30 % by weight
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5 (i) Acrylic rubber: 15 to 45 % by weight (ii) Solid trifunctional
epoxy resin: 15 to 60 % by weight (iii) Bisphenol-F type epoxy
resin: 9 to 10 % by weight (iv) Phenol novolac resin: 10 to 25 % by
wei ght (v) Imdazole: 0.01 to 5 %by weight 10 (vi) Flux-active
conpound having a carboxyl group: 5 to 20 %by weight (vii) Silane
coupling agent: 0.01 to 1 %by weight. [0087] In a preferable

enbodi ment of (e pLesRNbilspuenti-onityps asthesik¥ein:1%0t apercenbaihsght
the foll owi ng components. (i) Acrylic rubber: 15 to 45 % by wei ght
(i) Solid trifiiriot Phaabl epovyatestdin:150toc 8 % by weigyht (ii1)

Bi sphenol -F type epoxy resin: 9 to 10 % by weight (iv) Phenol

novol ac resi n: (i5)t Bl @& 4thye weingbtin@ Qafihg Rhpsehwricusydemtydi graug: 5 to
conmpound: 0.01 to 5 % by weight (vi) Flux-active conpound having a
phenol i c2hydbgxyeightoup and a carboxyl group: 5 to 20 % by wei ght.
[0082{ In a preferabl e enbodi nent of the present invention, an

adhes) vel0G83]t ape contains the foll owing conmponents. (i) Acrylic
rubber: 15 to 45 % by vveightep%ii) Solid trifunctional epoxy resin: 15
to 60 % by weight PIBEErRrPi§ epRefoneo0bltde penant Dnientasnyasyadigsgie
(iv) Imdazole: 0,01 to 5 % by weight (v) Flux-active conpound havi ng
a phenol F¥PHhFIREIVES dheupoLhd I CAMBERSIESyroup: 5 to 20 % by wei ght .

5 Wth the aboyies %%re'rgg%i/trieosqh:bgl ance Qoekyf\eggic;he[ducti on of a
(ii) Liquid bisphenol-A fype epoxy resin: 40 to 70 % by weight
10 (1iii} Phenol novolac resin: 10 te 25 % by weight
(iv) Flux-~active compound having a carboxyl group: 5 to 20 % by
weight.
[0084]
In a preferable embodiment of the present invention, an adhesive
15  tape contains the following components.
{i) Phenoxy resin: 5 to 30 % by weight
(ii) Liquid bisphenol-A type epoxy resin: 40 to 70 % by weight
(1ii) Phenol novolac resin: 10 to 25 % by weight
(iv) Flux-active compound having a phenolic hydroxyl group and
20 a carboxyl group: 5 to 20 % by weight.
[0085]
In a preferable embodiment of the present invention, an adhesive
tape contains the following components.
(i) Phenoxy resin: 5 to 30 % by weight
25 {ii) Liquid bisphenol-A type epoxy resin: 40 to 70 % by weight
(iii} Imidazole: 0.01 te 5 % by weight

(iv} Flux-active compcound having a phenolic hydroxyl group and
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thermal nelt viscosity and curability can be further inproved, so
that interlayer connection of a circuit board by nelting a sol der
bunp can be ensured. In the above conposition exanple, a content of
the acrylic rubber (i) can be adjusted to 15 to 45 % by weight, to
achi eve a bal ance 10 between adhesi ve tape adhesi veness and t her nal
melt viscosity. In addition, with a conposition of a solid

trifuncta azaloogpdxyrawgsi B emgo ayphengit.novol ac resin (iii) and

i mdazole (iv) within the above range, a nelt viscosity of the
adhesi ve[Q@G4®fd before curing can be reduced to give a favorable

sol der connection structure and furthernore to provide 15 proper
curability. Wi agpogmrahle eibpiandnturt ddis peescopowshthiani g adhesive
phenol i ¢ hydroxyl group and a carboxyl group (v) within the above
range, tRich cohthlinx tHs ifellgwing icagprertnier- bi nding and ion migration
properties after curing the adhesive tape can be satisfied. [0089]
20 | P a pref er &bl SCEibdai AEMELof 13 e freseRY Wikt i on, an adhesive
tape contains the follow ng conponents. (i) Acryl | ¢ rubber: 15 to 45
% by wei ght (i P)l)S(?IOllélth"FJfWF@f‘%}r EPSXy CeeEn191501 & 60 % H?lg

\Igﬁlogghorc()hlsl éoﬁ}he nov%lo?'r%ol %% WXEYSI;‘%)%}%O;Y\E& E)ﬁ? h_(23(5/)""

Fl t h | b I

oo to 90050k 3%%@5 &f%@ﬁ%‘%ﬁﬁy% & e o abafirncixy

bet ween _reduct L‘g)n d?ﬁ %Qerﬂh Ig c,V| 831%1%’ and cur abi I ity can be
a

further inprov |nter yer c nnec ion of a circuit board

ting a selder ensy v i>@Ny
exa@e a con%ﬁt F(%Pgt %&gyc%r%rﬁ% 5 rﬁ er?& ?liz can 5'\r%jiuste tzg 15 Py

to 45 % Qyiyei ght, to achieve a balance between adhesive tape
adhesi veness and thermal nelt viscosity. In

(vii) Silane coupliing agent: 0.01 to 1 % by weight.
[00871]
In a preferable embcdiment of the present invention, an adhesive
15 tape contains the following components.

(i) Acrylic rubber: 15 to 45 % by weight

Sel

(ii) Solid trifuncticnal epoxy resin: 15 to 60 % by weight
(iii) Bisphenol-F type epoxy resin: 9 te 10 % by weight

{iv} Phenol novolac resin: 5 to 25 % by weight

el

20 (v) Phosphorous=-containing compound: 0.01 to 5 % by weight
(vi) Flux-active compound having a phenclic hydroxyl group and
a carbexyl group: 5 to 20 % by weight.
[0088]
In a preferable embodiment of the present invention, an adhesive
25 tape contains the following components.
(1) Acrylic rubber: 15 to 45 % by welight

(11) Solid trifunctional epoxy resin: 15 to 60 % by weight
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addition, with a conposition of a solid trifunctional epoxy resin
(ii1), a phenol novolac resin (iii) and a phosphorous-contai ni ng
conpound (iv) wthin the above range, a nelt viscosity of the
adhesi ve tape before 10 curing can be reduced to give a favorable
sol der connection structure and furthernore to satisfy both proper
curability and storage stability. Wth a content of the flux-active

conpound havi ngiia )plrasebi adiwdeexydsingr gupo arpl sapgardmptd group (V)

wi thin the above range, both of flux activity during solder binding
and ion mgratiin pmeperdlies tableto 5% purwaigithe adhesi ve tape can
be satisfied. [0090] An adhesive tape is used for preparing a stack
as shown in, for) FéxanpdtelveFb@GpduindPh&in showshcdistlackowherecap and a
circuit board to be connected and a single-sided circuit board with
a via areafispgédgrbroudgh t202ans dghesiget t ape. FIG 2 is a schematic

vi ew showi ng a connecting section in the stack of FIG 1. In an
upper® subst r at@ltiipsthes Ferigedomposbpler floillangecbebrveery sedndtionupt a
insulating layer 1 and a  core-material |ayer 3 covering the copper
foil 2. WymalMelt VASEPathhgnd|dyrepliihasan ke Fupbler 2mogpyech pg that
covered q¥ a solder plated layer 6. 25 An adhesive tape 5 is applied
such t hat'§8r1@yFer CHTEBAR| 3L @pCi HEttaPPRE HYalett W% RIS SIS BIR can
pl at ed IQ%er er hand, in.a lower_ substrate L

Pads 8 o PEFRED off £FEo e B WP o Lo g p HE TpEl SGoReTare
L20 and KOS ENET (088 Lot S PRLR A pLREE, 0 b T sel L
| OB SEELene oo AE-RLAL AL g SHUGLTIS, LS oo
[0091] addition, with a composition of a solid trifunctional epoxy resin {ii),
a phenol novolac resin (iii} and imidazole (iv) within the above range,
a melt viscosity of the adhesive tape before curing can be reduced to
give a favorable sclder connection structure and furthermore to provide
15  proper curability. With a content of the flux-active compound having
a phenolic hydroxyl group and a carboxyl group {v) within the above range,
both of flux activity during solder binding and ion migration properties
after curing the adhesive tape can be satisfied.
[00B2]
20 In a preferable embodiment of the present invention, an adhesive
tape contains the following components.
(1) Acrylic rubber: 15 to 45 % by weight
(ii) Solid trifunctional epoxy resin: 15 to 60 % by weight
(1ii) Phenol novolac resin: 5 to 25 % by weight
25 (iv) Phosphorous-containing compound: 0.01 to 5 % by weight
(v) Flux-active compound having a phenolic hydroxyl group and a

carboxyl group: 5 to 20 % by weight.
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There will be described Exanples. The present invention is not
limted to the exanples. 10 Exanples 1 to 33 Preparation of an
adhesi ve tape The conponents listed in Table 1 were dissolved in an
aromati ¢ hydrocarbon sol vent such as toluene, xylene and the |ike,
an organic ester solvent such as ethyl acetate, butyl acetate and
the Iike, or an 15 organi c ketone sol vent such as acetone, nethyl
et hyl ketone arndht hehel idoeyve tomgbyEianyamailahee Wheithedns appbt bsh t of aa
pol yester sheet and dried at a tenperature at which the above
sol vent wteporilzedt vdsgpaievamadheshbikEityt ape. beTherident enprovied, t $e that
tabl e are expressed as % by weight to the total anobunt of the
conponentrg-er2eyeomyanatt ven Bfaaptissul ttlooardThy nolionentsldestladnt gan
Table 2 were used as described for Exanples 1 to 33 to give an .
adhesi veba gpeurdéd0ol] thpahovei sruboshtofn expaHlUet BorontEns of themwawlic
oxi de 25 Each of the adhesive tapes of Exanples 1 to 33 and
Corrng)r atTURPerElanpRre e 2aHes AR 19s& 4Pot biersiahitni Fyaahkatue thadignce
rate of copper oxide by the above neasuring nmethod. The results are
shown i nPefatrasadags Ve f@re. adpepysnespe fB nfiaiadn M6t a Vst Ynet 10
spread L%i Each aof . the adhesive tapes .of Exanmples 1 to 33 was, used
for 5 CRATHTORT M 8 SEPHRPShEioNsph GatP sl B by AR EORBh BSR4 g )
met hod. Th results_are shqwn.; n Tablg 1. C[0094 Det er mi nati on,of.
nel t Vi S%Bglem}fnovo ac résin (1ii} and a ptlosphorots-containing compound (1iv
within the above range, a melt viscosity of the adhesive tape before
10  curing can be reduced to give a favorable solder connection structure
and furthermore to satisfy both proper curability and storage stability.
With a content of the flux-active compound having a phenolic hydroxyl
group and a carboxyl group (v) within the above range, both of flux
activity during solder binding and ion migration properties after
156 curing the achesive tape can be satisfied.
[0090]

An adhesive tape is used for preparing a stack as shown in, for
example, FIG. 1. FIG. 1 shows a stack where a circuit board to be
connected and a single-sided circuit board with a via are bonded through

20 an adhesive tape. FIG. 2 is a schematic view showing a connecting
section in the stack of FIG. 1. In an upper substrate L2s is formed
a copper foil 2 covering a bullt-up insulating layer 1 and a
core-material layer 3 covering the copper foil 2. A built-up insulating
layer 4 has a via post 7, which is covered by a solder plated layer 6.
256  An acdhesive tape 5 is applied such that it covers the built-up insulating
layer 4 and the solder plated layer 6. ©On the other hand, in a lower

substrate L1, separate pads 8 are formed on a core-material layer 9.
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Each of the adhesive tapes of Exanples 1 to 29 and Conparative 10
Exanples 1 and 2 was used for determining a nelt viscosity by the
above neasuring nethod. The results are shown in Tables 1 and 2.
Furthernore, each of the adhesive tapes of Exanples 30 to 33 was
used for determining a mninmm adhesion viscosity in accordance wth
t he above neasuring nethod. The results are shown in Table 1. 15

[ 0095] Deieuppaabiuost ited.aeshdthe Qwweoefbstietd LA aresidatbeitid pressed
coefficient was determ ned for each of the adhesive tapes of

Exanpl estd HeomBBuahlly Conpad atd wavExanptasc.1 and 2. A resin flow
coefficient is represented by equation (4) and can 20 be determ ned
as descri bed bBicow hPed ibsiehi desciRbeidntiie gwesert fingikeehi or Wishepe bfrtamce
heating)/ (Area before heating) ---Equation (4) Measuring nmethod 25 A
5 mn<5 ik [LBepmefehplo ke esbydiadngsi vault bpe praseapphivedtiom as 30t hmndded
mx| . pn1(th|ckness§ gl ass substrate. Next, another 30 mmx40 mxl .|
pn1(ﬁh|c%hé§§$egﬁ i§99E6rat e was di sposed and heated at 1.0 36 Mra
and a heatlnq tenperature of 250 C for 30 sec. Froma ratio of an
area befEH¥HESting to an area after heating, a resin flow
coeffi0|§ﬂ%gtwas calculated. The results are shown in Tables 1 and 2.
[ 0096] lernination of a connection rate Each of the adhesive

For “determ ni Y CHhib et R oaran ErgRe E@ﬁe?ﬁ%%en(tﬁnmtplﬁlaﬁ&d?t
o oS! AL ALEh Sl Wi D983 Wi th @ v1 &

10 Examples 1 to 33

Preparation of an adhesive tape

The components listed in Table 1 were dissolived in an aromatic
hydrocarbon solvent such as teluene, zylene and the like, an organic
ester solvent such as ethyl acetate, butyl acetate and the like, or an

15  organic ketone solvent such as acetone, methyl ethyl ketone and the like,
to give a varnish, which is applied to a polyester sheet and dried at
a temperature at which the above solvent vaporized, fo give an adhesive
tape. The contents in the table are expressed as % by weight to the
total amount c¢f the components.

20 Comparative Examples 1 to 2

The components listed in Table 2 were used as described for
Examples 1 to 33 to give an adhesive tape.
[0092]

Determination of a reduction rate of cepper oxide

25 Each of the adhesive tapes of Examples 1 to 33 and Comparative
Examples 1 and 2 was used for determining a reduction rate of copper

oxide by the above measuring method. The results are shown in Tables
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10 Two-1| ayer doubl e-sided plate consisting a copper foil with a

t hi ckness of 12 pmand a pre-preg as a supporting substrate
(thickness: 200 pm was etched to forman interconnection pattern.
Built-up layers wth a thickness of 40 pmwere formed on both sides,
a built-up opening with a dianeter of 70 pmwas fornmed by C02 | aser
fromthe interconnection 15 pattern side and then the plate was
desnear ed ausi 8g an aqueous solution of potassium permanganate. The
built-up opening was el ectrolytically copper-plated to forma copper
post (diBiEt3dr: 70 pm) with a height of 15 pmfromthe surface of
the built-up layer, and then the copper post was sol der-plated

(Sn/ 3. 5Atamiaat hire kafegs soidars weth spredcommtg conduct or 20 post.

Then, the plate was cut into 25 mmx25 nm pi eces, to give a

si ngl e-si ded cFadduiaf Bbar dddgsiven bepas ¢D)Errepasatli 6a 68 wawiwswsd tfor
board to be connected Two-1ayer doubl e-sided plate consisting a
coppér feFIemnANG 2 %@M%‘é%fs spread rahke Mvdthe phevpregswsing Beigystt iThg
substrate (thicknes pm was etched to form an

i nt ercon Jﬁénaﬁ%ﬁ%§WW l?h%ﬂﬂfiﬁe plate was cut into 40 nmx40 nm

pi eces tP @iﬁe a circuit board to be connected. It has a pad wth a
di amet er |8 00 pmwhich is to be bonded to the 37 conductor post in

t he S|ng$£%e QEQtfé cqgt bg rcifgcgh via. (3) Preparation of a

mul ti yefeéh%f%@uﬁgi%ﬂaFg—gegﬁ—s+§es—of the single-sided circuit

b d th t t :
using a ig wrRraoh HE adkhiyh eopal O b1 CONRE' Y SR EMBIELAR

at 260 Gang1Rs5M-Ra fWasﬁQse?ﬁFonlelt@F {Rtg sohdder s d&éﬂg 1259@%%&;@

t he conduct or post having a so ate with the pa

i nner - | ay@&ss16iihgWdtnbBaar gnd %shi‘ﬁ@éké‘)é%wn henting.s FURiNer Mkeneftire,
curing the adhesive tape, the product was subjected to heat history

at 180 Ged®H 0BCHA Adied igkVieage st khayesedo 038 ivaeUidedO8F determining

a minimum adhesion viscosity in accordance with the above measuring
method. The resulis are shown in Table 1.
15 [0095]

Determination of a resin flow coefficient

A resin flow coefficient was determined for each of the adhesive
tapes of Examples 1 to 33 and Comparative Examples 1 and 2.
A resin flow coefficient is represented by equation {4} and can

20 be determined as described below.

Definition
Resin flow coefficient = (Area after heating)/(Area before
heating} ---Equation (4)

Measuring method

25 A 5 mmxb mmx13 um (thickness) adhesive tape was applied on a 30
mmx40 mmx1.1 pm (thickness) glass substrate. Next, another 30 rmx40

mmx1.1 pm (thickness) glass substrate was disposed and heated at 1.0
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(4) Determ nation of a connection rate The nultilayered circuit board
obt ai ned by the above nmethod was used for determning an interlayer
connection resistance by a digital nultineter at 20 points.

Measur enent was conducted after preparation 15 of the multil ayered
circuit board and after 1000 tenperature cycles of -65 C for one
hour and 150 C for one hour. The results are shown in Tables 1 and
2. Criteaffa andperhadtiabetfifera2Qi20c€ @tdulti fker 20 epen tirioangl eat(id) of
18 to 20/20 conductive <cross (x): 18 or |ess/20 conductive [0097]
Measur enentred beésiehpaiotnqsd en Haehalfert ntddbess vesirapesy opefficient
Exanples 1 to 33 and Conparative 25 Exanples 1 and 2 was used for
measur i riYpsa qedsithaprdt r Ubé oresullMsasue i sipwiret.holelAsesdésend bbd for the
above nethod for nmeasuring a connection rate, 38 a nmultilayered
circuit H¥#H was prepared and a resin amount protruding fromthe
mul tilayered circuit board was observed. The results are shown in
Tabl s 1DehfFrmonatyen &f g connpgation; F2te (0): No resin protrusions are
observed. open_ triangle (é% . Although a resin protrusjion js ,
observed, no A PlisHnSCBEPUER igOBet AREHoTRYE & R §heuLPTPRR L
circuit boar

are observed. c S : A resin bridges between
hyers. | AR Aol e U9 CORCH B0 § GO PLCIon Tate:

Measuring method

(1) Preparation of a single-sided circuit board with a via

10 Two—layer double-sided plate consisting a copper feoil with a
thickness of 12 um and a pre-preg as a supporting substrate (thickness:
200 pm} was etched to form an interconnection pattern. Built-up layers
with a thickness of 40 um were formed on both sides, a built-up opening
with a diameter of 70 um was formed by CO; laser from the interconnection

15 pattern side and then the plate was desmeared using an aquecus solution
of potassium permanganate. The built-up opening was electrolytically
copper-plated to form a copper post {(diameter: 70 pym) with a height of
15 ym from the surface of the built-up layer, and then the copper post
was solder—plated (Sn/3.5Ag) to a thickness of 15 um, to form a conductor

20 post. Then, the plate was cut intec 25 mmx25 mm pieces, to give a
single-sided circuit board with a via.

(2) Preparation of a circuit board to be connected

Two-layer double-sided plate consisting a copper foil with a

thickness of 12 um and a pre-~preg as a suppcrting substrate (thickness:

25 400 pm) was etched to form an interconnection pattern. Then, the plate
was cut into 40 mmx40 mm pieces to give a circuit board to be connected.

It has a pad with a diameter of 400 um which is To be bonded to the
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Measurenent of a cross section of a bonding area Each of the adhesive
tapes of Exanples 1 to 33 and Conparative Exanples 1 and 2 was used
for observing a cross section of a bonding 15 area. Measuring net hod
As described for the above nmethod for measuring a connection rate, a
mul tilayered circuit board was prepared and enbedded in an epoxy
resin cured product, and its cross section was polished and 10 sites
in the 2bridiicect ayest dantiestdiorlarebdavered rehserveddyiSEM (seanni ng

el ectron mcroscopy). The cross section was observed after preparing
the mul {3)| @repedaiciarcvift a bodritd lapdrad teeirckOGhdeniper at ure cycl es of
-65 C for one hour and 150 C for one hour. The results are shown in
Tabl es 1 and Buth25ides vérite spealetsicled ¢oycuiNobohahge thromikhand the
initial state open triangle (A): Deformation or partial initiation of
cracks QFraditparad T beheonngict pdlveseatayast e 91siry:a Def edthve popaniing
(for _exanpl efL cracks in a bonding area) or short circuit (bridging

i n aSbonkhhglageegnt.o08sn, 407y stepragsgd & RO -G ang 0.@MpPa for 60 sec

o initiate solder-melting bonding of the conductor post having a solder

plate with the pad in the inner-layer circuit board for interlayer

bonding. Furthermore, for curing the adhesive tape, the product was

subjected to heat history at 180 °C for 60 min to give a multilayered
10  circuit board.

(4) Determination of a connection rate

The multilayered circuit board cbtained by the above method was
used for determining an interlayer connection resistance by a digital
multimeter at 20 points. Measurement was conducted after preparation

15 of the multilayered circuit board and after 1000 temperature cycles of
-65 °C for one hour and 150 °C for one hour. The results are shown in
Tables 1 and 2.

Criteria

open circle (0): 20/20 conductive

20 open triangle (A): 18 to 20/20 conductive

cross (x): 18 or less/20 conductive
[0097]

Measurement of resin protrusicn

Each of the adhesive tapes of Examples 1 to 33 and Comparative
25  Examples 1 and 2 was used for measuring a resin protrusion.

Measuring method

As described for the above method for measuring a connection rate,
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10

15

20

26

amultilayered circuit beoard was prepared and a resin amount protruding
from the multilayered circuit board was cbserved. The results are shown
in Tables 1 and 2.
Criteria

open circle {0): No resin protrusions are observed.

open triangle (A): Although a resin protrusicon is observed, no
protrusions bridging between layers in the multilayered circuit board
are observed.

cross {x): A resin bridges between layers in the multilayered
circuit board.
[0098]

Measurement of a cross section of a bonding area

Each of the adhesive tapes of Examples 1 to 33 and Comparative

Examples 1 and 2 was used for cbserving a cross section of a bonding

area.

Measuring method

As described for the above method for measuring a connection rate,
a multilayered circuit board was prepared and embedded in an epoxy resin
cured product, and its cross section was polished and 10 sites in the
interlayer connection area were cbserved by SEM (scanning electron
micrescepy). The cross section was observed after preparing the
multilayered circuit board and after 1000 temperature cycles of -65 °C

for one hour and 150 °C for one hour. The results are shown in Tables

1 and 2.
Criteria
open circle (©): No change from the initial state

open triangle (A): Deformation or partial initiation of cracks
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cross (x): Defective opening (for example, cracks in a bonding

area) or short circuit (bridging in a bonding area)

[0089]
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1. An adhesive tape conprising a flux-active conpound having a

car boxyl group and/or a phenolic hydroxyl group; a thernosetting
resin; and a filmformng resin. 5 2. The adhesive tape according to
Claim 1, wherein said thernosetting resin is an epoxy resin. 3. The
adhesive tape according to Claim2, wherein said 10 thernosetting
resin conprises a curing agent. 4. The adhesive tape according to

C aim 3, (pdm@rein said curing agent is an imdazole conpound. 15 5.
The adhesi ve tape according to Claim3, wherein said curing agent is
a phosphor ous Tienperd. résullhe iadhesty ecHaapangceor thaGgdresdrai fadss of
wherein said filmformng resin is a phenoxy resin or acrylic

rubber. R€amhleEht @dlR@shae 4 apppaceoridingedictoal tatly offuvd Heror more, a
conprising a silane coupling agent. 8. The adhesive tape according
to O ai nedldesherei spmrenrsde dof 28 adhesiore tape imelat vasdved tyoof haqual
surface of an oxidized copper plate and then is reduced at 230 C for
one i nute dmmohe Wian, 180 dapperndridel frreductdssn than el0O00sB ts -copperof
pl at e re&rlesent ed by equation (1) is 70 % 49 or nore. Copper-oxide
reduct i orng @adhepdye Lapps( of gixamrdeacehtiatPonadfa ainipgyeglitom)pegaity
atom concentration after oxidation)} x 100 ---Equation (1) 5 9. The
adhesi ve©t fBactdrdi AGTE d-aailnia s WREr TR wRenOpIigssnghan 10000 Pa-s.

ti n-cont |n| n% sol der ball with aldl amet%r of 500 le over a%
adhesi velhese gave satisfactory results 1n all measurement results for a resin

flow coefficient, a connection rate, resin protrusion and a

10 bonding-area cross section.
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tape and is heated at a tenperature of 30 C higher than the nelting
poi nt of said solder ball for 20 sec, a solder wet spread rate 10
represented by equation (2) is 40 % or nore. Sol der wet spread rate
(% = [{(dianeter of a solder ball)-(solder thickness after wet
spreading)}/(dianeter of a solder ball)]x100 ---Equation (2) 15 10.
The adhesive tape according to Claim1l, wherein said adhesive tape

w th a tdrrgkigess of 100 pmhas a nelt viscosity of equal to or nore
than 10 Pas and equal to or |ess than 10000 Pas at 223 C. 11. The
adhesi vel t ape Maccaihdshge t Dafd acanpkiswher € flwhertsaedcodfoddhasiniag a
tape with a thickness of 100 pmgives a mninmumnelt viscosity of

equal

t ccaotboswi erbhpmrtl/Pasa phdneguahydmmxgl desp;tdhanetROd tRag reasin;

nmeasured at 25 to 250 C by a viscoelasticity nmeasuring instrunent in
a tenperatdueefiborimazdngatesiof- 10 G mn and a frequency of 0.1 Hz.

50
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2. The adhesive tape according to Claim 1, wherein said

thermosetting resin is an epoxy resin.

3. The adhesive tape according to Claim 2, wherein said

thermosetting resin comprises a curing agent.

4. The adhesive tape according to Claim 3, wherein said curing agent

is an imidazole compound.

5. The adhesive tape according te Claim 3, wherein said curing agent

is a phospherous compound.

6. The adhesive tape according to Claim 1, wherein said £film-forming

resin is a phenoxy resin or acrylic rubber.

7. The adhesive tape according to Claim 1, further comprising a

silane coupling agent.

8. The adhesive tape according to Claim 1, wherein when said
adhesive tape is attached to the surface of an oxidized copper plate
and then is reduced at 230 °C for one minute in the air, a copper-oxide

raduction rate of said copper plate represented by equation (1) is 70 %
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or more.
Copper-oxide reduction rate (%} = {1-(C atom concentration after
reduction) /{0 atom concentration after oxidation)} x 100 ---Equation

(1)

9. The adhesive tape according to Claim 1, wherein when placing a
tin-containing solder ball with a diameter of 500 pm over said adhesive
tape and is heated at a temperature of 30 °C higher than the melting
point of said solder ball for 20 sec, a solder wet spread rate
represented by equation (2) is 40 % or more.

Solder wet spread rate (%) = [{(diameter of a solder
ball)-(solder thickness after wet spreading)}/(diameter of a solder

bail} ]»100 -—---Equation (2}

10. The adhesive tape according to Claim 1, wherein said adhesive
tape with a thickness of 100 ym has a melt viscosity of equal to or more

than 10 Pa-s and equal to or less than 10000 Pa's at 223 °C.

11. The adhesive tape according to Claim 1, wherein when said
adhesive tape with a thickness of 100 um gives a minimum melt viscosity
of equal to or more than 1 Pa-s and equal to or less than 10000 Pa-s
as measured at 25 to 250 °C by a viscoelasticity measuring instrument

in a temperature-increase rate of 10 °C/min and a frequency of 0.1 Hz.
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