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10 escription of the Related
Recently, with the develocpment of high-density

mounting and improved techniques in making electrical
components, electrical circuits have become smaller and
have higher connection densities. For bonding these

) 15 precise and fine-pitch circuits, conductive adhesives

- J have been frequently used. Ideally, a conductive
adhesive is provided as a self-supporting film. Liquid
systems, such as prior art epoxies will migrate due to
capillary action and may touch or contaminate a critical

20 area of the circuit. Anisotropic conductive films, also
known as Z-axis films have beén proposed. One advantage
is that ZAFs provide pressure-engaged connections.
Therefore, excellent resistance stability, high peel
adhesion, and high insulative resistivity are needed for

25 the ZAF. Also, to improve the productivity, a very short
bonding time and low bonding temperature such as 180°C
for 20 seconds are required. Moreover, with the progress
of circuits, the alignment has become more difficult and
the number of connection failures has also increased. So

30 repairability is essential; repairability is defined as
the ease by which the substrate is cleaned with normal

solvents.
As disclosed in JPP1987-181379 and JPP1988-86781

(A), styrene-butadiene-styrene block copolymers, {SBS) and

35 styrene-ethylene~butylene-styrene clock copolymers (SEBS)
- are used. These thermoplastic resins have good

repairability, but poor heat and humidity resistance.

Further, the resins are high molecular weight, and have a

high melt viscosity. The resistance stability tends to
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tive particle%p%&% %%%%h%%%t adhesives have alsc been proposed;
5 however, they are not repairable. Further, the curing
speed is short, the shelf life is short, and the mixing
of resin and hardeners are sometimes ineffective.
Z-axis films using cyanate films exhibit fast
curing, gocd heat resistance, excellent resistance
10 stability and repairability. However, cyanate esters may
also easily absorb moisture, and the peel adhesion may
decrease after humidity aging.
Combinations of cyanate esters and epoxy resins are
disclosed in U.S. Patent No. 3,562,214. However, the
15 addition of epoxy resins to cyanate esters remarkably
decreases the heat resistance temperature. Also film-
formability is significantly impaired.
It has now been discovered that certain combination
of an epoxy, a cyanate ester, and a film-formable
20 thermoplastic resin provide a z-axis film with a rapig
curing speed, good heat resistance, good humidity
resistance, long shelf life and excellent repairability.

Summary of the Invention

25 The present invention provides a composition for the
formation of an anisotropically conductive adhesive film
which provides good adhesive properties, excellent
repairability, and good heat resistance.

Anisotropically conductive adhesives of the

30 invention comprise:

(a) an adhesive composition comprising about 100
parts cyanate, from 0.01 to about 10 parts catalyst, from
10 to about 300 parts film formable thermoplastic resin
and from about 10 to about 500 parts epoxy resin; and

35 (2) from about 0.1 to about 20 parts conductive
particles per 100 parts total weight of the adhesive
composition.
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"Epox}y t hernpset adhesi ves have al so been proposed; however, they are not
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may &l so easily absorb noisture, and the peel adhesion nay‘aécrease after

humi di ty agi ng. CDnEPﬁaPF6ﬁ§n§fléyaﬁﬁﬂéne§pgr§eanQreﬁé¢9sr68|ns are

di scj osed in UansBai»egchQnﬁ 862md44 srbRvvener cohbssilé%k' on of epoxy
resins to cyanate egFers repar kabl y. decr eases _t he heat re5|stance

tenperature. Al so fTEnPSfG BFFPtytP§ SPERS I'Cankts fipRl'rapd "ZAF"

are used interchangeably to mean an adhesive film having

5 conductivity in the direction of the "2" axis.

Detailed Description of the Invention

Compositions of the invention contain cyanate esters

as major components. These resins have good heat and
10 humidity resistance and are capable of rapid curing with
certain sélf-crosslinking catalysts.

Cyanate ester resins comprise cyanate ester
compounds (monomers and oligomer) each having two or more
=OCN functional groups, and typically having a cyanate

15 equivalent weight of from about 50 to about 500,
preferably from about 50 to about 250. The molecular
weight of the monomers and oligomers are typically from
about 150 to about 2000. If the molecular weight is too
low, the cyanate ester has a crystalline structure which

20 1is difficult to dissolve in solvent. If the molecular
weight is too high, the compatibility of the cyanate
ester with other resins is poor.

Preferred compositions of the invention include one
Or more cyanate esters according to Formulas I, II, III

25 or IV. Formula I is represented by

Q(OCN), Formula I

wherein p can be from 2 to 7, and wherein Q comprises at

30 least one of the following categories: (1) a mono-, di-,
tri-, or tetra-substituted aromatic hydrocarbon
containing from about 5 to about 30 carbon atoms, {(2) a1
to 5 aliphatic or polycyclic aliphatic mono-, di-, tri-
or tetra- substituted hydrocarbon containing from about 7

35 to about 20 carbon atoms. Optionally, either category
may contain from about 1 to about 10 hetercatoms selected
from the group consisting of non-peroxidic oxygen,
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prefent invention provides a conposition for the formationliof S —— |
ani otroplcalIysubﬁductnoa-adnéyhvécfthsmmqm¢q§unnqnﬁ§QﬂﬂﬁjQﬂﬁﬂﬂgana

progerti es, excs&tsganreaaarééu&eae a rgmq haali f Ypidiifted by
Ani otroplcally conducfive adhegives of the |nv tion conprise: (a) an

adhgsi ve conposition conpr|5|d§ about 100 part cyanate fromO.01 to about

10 Rarts catalyst from
Formula II

where X is a sxngla bond, a lower alkylene group having
from 1 to 4 carbons, -S-, or the SO, group; and where R!,

10 R?, R, RY, R, and R® are independently hydrogen, an alkyl
group having from one to three carbon atoms, or the
cyanate ester group (-OC=N), with the provisoc that at
least two of R, R?}, R}, R*, R’, and R® are cyanate ester {
groups. In preferred compounds, each of the R groups is

15 either ~-H, methyl or the cyanate ester group.

Formula III is represented by Formula III
0-C=3N O-C=N O-C=N
20
where n is from 0 to about 5.
Pormula IV is represented by

Formula IV

25
{ wherein R’ and R® are independently "
R’ R

wherein R’, R, R! are independently -H, a lower alkyl
.group having from about 1 to about 5 carbon atoms, or the
cyanate ester group, preferably hydrogen, methyl or the
35 cyanate ester group, with the proviso that R’, and R®
combined include at least two cyanate ester groups.

—_——
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'lp t about 300 parts filmfornmable thernoplastic resin and from about 10
to outwo08/op2¢st s epoxy resin; and (2) fromabout 0.1 to popaSIZ@4PArt S
conductive particles per 100 parts total weight of the adhesive

conppsi tion. -3- The present invention further provi €§=éﬁ=ﬁﬁF§ﬁfroplc_
filn formed fromthe conposition. As used-derein, the t rﬁvaﬁi‘ A 13" ?FFﬁT 1
and | ZAF" are used interchangeably to nean an adhesive Qllﬁ]havlng ]

conductivity in thasifierteyanats tderdy 'campeunds include, but are not
limited to the folliowing:
1,3- and 1,4-dicyancbenzene;
2-tert-butyl-1,4-dicyanocbenzene;

5 2,4-dimethyl-1,3-dicyanobenzene;
2,5-di-tert-butyl-1,4-dicyancbenzene;
tetramethyl-1,4-dicyancbenzene;
4-chlecro-1,3-dicyanobenzene;
1,3,5~-tricyancbenzene;

10 2,2’- and 4,4’-dicyanobiphenyl;
| 3,375,5’=tetramethyl-4,4’~-dicyancbiphenyl;
| i,3-, 1,4-, 1,5-, 1,6-, 1,8-, 2,6-, and 2,7~

dicyanonaphthalene;
1,3,6-tricyancnaphthalene;

15 bis(4-cyanophenyl)methane;
bis(3-chloro-4-cyancphenyl)methane;
bis(3,5-dimethyl=-4-cyancphenyl)methane;
1,1-bis(4-cyanophenyl)ethane;
2,2-bis(4~cyancphenyl)propane;

20 2,2-bis(3,3-dibromo-4-cyanophenyl)propane;
2,2-bis(4-cyanophenyl)-1,1,1,3,3, 3-hexafluoropropane,
bis(4-cyanophenyl)ester;
bis (4-cyanophenoxy)benzene;

_ bis(4~-cyanophenyl)Xketone;

25 bis(4-cyanophenyl)thioether;
bis(4-cyanophenyl)sulfone;
tris(4-cyanophenyl)phosphate, and
tris{4-cyanophenyl)phcsphate.

Alsoc useful are cyanic acid esters derived from

30 phenolic resins, e.g., as disclosed in U.S. Patent
3,963,184, cyanated novolac resins derived from novolac,
e.g., as disclosed in U.S. Patent No. 4,022,755, cyanated
bis-phenol-type polycarbonate oligomers derived from
bisphenol~-type polycarbonate oligomers, as disclosed in

35 U.S. Patent 4,096,913, cyano-terminated polyarylene
ethers as disclosed in U.S. Patent No. 3,595,000, and
dicyanate esters free of ortho hydrogen atoms as
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LT e ure! a8 748,88, b ORsbAe ey aKARASE cBaial e et e
aliphatic groups as disclosed in U.S. Patent No.

5 4,528,266, e.g., QUARTEX™ 7187, available from Dow
Chemical, fluoroccarbon cyanates as disclosed in U.S.
Patent No. 3,733,349, and cyanates disclosed in U.S.
Patents 4,195,132, and 4,116,946, all of the foregoing
patents being incorpecrated by reference.

10 Polycyanate compounds obtained by reacting a phencl-

formaldehyde precondensate with a halogenated cyanide are

also useful.

Examples of preferred cyanate ester compositions (
| include low molecular weight oligomers, e.g., from about
: 250 to about 1200, of bisphenocl-A dicyanates such as
AroCy UC-30 Cyanate Ester Semisolid Resin, commercially
available from Hi-Tex polymers, Jeffersontown, Kentucky;
low molecular weight oligomers of tetra o-methyl
bisphencl F dicyanates, such as AroCy M-30 Cyanate Ester
20 Semisolid Resin, also commercially available from Hi-Tek

Polymers; low molecular weight oligomers of thiodiphenol
dycyanated, such as AroCy T-30 Cy.
Known curing catalysts are useful in compositions of
the invention. An organometallic compound, metal chelate
25 or an organometallic salt are suitable candidates. An
organcmetallic is defined as a compound which has at
least one carbon directly connected to a metal atom.
Metal chelate compounds are defihed as those compounds
having a ligand over 1-6 and such catalysts as
30 acetylacetonate copper. These catalysts are activated by
both heat and light, and therefore exposure to heat can
shorten the curing time even more. They are easily
dissolved and dispersed in the adhesive solution.
Catalysts for the reaction of the cyanate ester
35 include organometallic compounds containing a
cyclopentadienyl group, CiH;, and suitable derivatives,
such as cyclopentadienyl iron dicarbonyl dimer,

]
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'ﬁeig is too high, the conpatibility of the cyanate ester with other

"resi s WO pHo1qgPreferred conpositions of the invention i W@gg?g&]qr nor e
cyanpte esters according to Forrmulas I, I, 11l or IV. Formula

reprisented by [err] Formul a | mhere,\kp“gag"bgﬁ;
2 to}7, and wherein Q conprises at |east _gne of the follomnng a&gg@wﬁﬁrN
(1) nmono-, di-, tri- or tetra-substituted aromatic hydL oo

fronfabout 5 qcﬁgbemto§g29apbgﬂaﬁbeﬁylcgalogeﬁth&zinﬁh|Qbahlalehrﬂ&hyQYCl|c
al i phatic non ed q¥¥{ocarbon cont ai ni ng

[l
fromjabout 7 gﬁmﬁﬁoGF5g 3¢ é?bGHkgztnﬁ? category may
cont fi n fr0n1mhnghnéséﬂr&bﬁﬂboﬁ@lhehﬁﬁoabaﬁﬁabebeﬁted Strem Chemical

Company, Newburyport, Massachusetts, and

5 hexafluorophosphate salt of the cyclopentadientyl iron
mesitylene cation, CH; (mesitylene)Fe*PF,, and
triflucromethanesulfonate salt of the cyclopentadienyl
iron mesitylene cation, CH; (mesitylene)Fe*CF,SO;, both
of which may be prepared as described in U.S. Patent

10 4,868,277, incorporated herein by reference.

Other organometallic compounds which are suitable
catalysts for use in the present invention are disclosed

; in EPO Publication No. 364,073. Suitable sources of

3 radiation for phoctoactivation of the catalysts include

15 such conventional sources as mercury vapor discharge
lamps, tungston lamps, Xxenon lamps, fluorescent lamps,
sunlamps, lasers, carbon arcs, and sunlight.
Photoactivated catalysts are preferred as they increase
shelf life.

20 Useful film-formable thermoplastics are those having
good compatibility with cyanate ester and a group
reactive to epoxy. Included in this class are
polyvinylbutyral, polyvinylformyl, polyvinylacetal,
polyamide, phenoxy, polysulfone, polycarbonate siloxane,

25 polyvinyl, epoxy acrylate, glycidyl acrylate,
carboxylated SEBS, epoxylated SEBS and the like.
Preferred thermoplastics are those having molecular
weights between about 3,000 and about 200,000. If the
molecular weight is below about 3600, the resin has a

30 poor film-forming ability; if the molecular weight is
over 200,000, the thermoplastic and the cyanate ester
will not mix adequately, and the curing time is
significantly extended.

35
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1.

CHy m

¥ 1
When m is 0, n

wherein m is 0 or 1, and n is 10 to 500.
is preferably from about 12 to about 50, and when m is 1,
n is preferably from about 40 to about 70.

Examples of suitable polysulfones include "P1700-
NT11", commercially available from Amoco Performance
Products, Ridgefield, CT; and "Victrex PES 5003P",
commercially available from ICI Advanced materials,
Wilmington, DE.

Suitable polyvinyl acetals are those having the
general formula:

_ - r - ~ -
——" N CHa—|—|-CHCH ~|— | ~CHCH,
i i
O\\T/C) OH g o
L X Jm L ol tuy o

wherein X is -H or a C,~-C, alkyl group, and m is from
about 80 to about 2400, n is from about 10 to about 2200,
and p is from 0 to about 500.
than n, n is greater than p, m is less than 800, and each
monomer is randomly distributed.

Suitable phenoxy resins have the following general

Preferably, m is greater

formula: - -
CHj HHH
i I 1
T0 Q C O0-C-C-C—}~-
! B
CH; H OHH
- -0

wherein n is 75 to 150.

Useful phenoxy resins include "UCAR" resins,
available in three molecular weight grades ranging from
25,000 to 35,000, from Union Carbide Company, Danbury,
CT.

—_————
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Examples of useful polyamides include Unires 2636,
commercially available from Union Camp, Jacksonville, FL.
5 Examples of polyesters include Dynapol 206,
commercially available from HULS America, Inc. One
useful polycarbonatesiloxane is LR3320, from General
Electric, Schnectady, NY. Examples of polyvinylics
include polystyrene, polyacrylates, and
10 polymethacrylates.

An epoxy resin is defined as a resin having more
than one epoxy group. Preferably, conventional epoxy
resins having from about 150 to about 400 epoxy
equivalents may be used. The epoxy resin comprises from

15 about 10 to about 500 parts by weight per 100 parts of
Cyanate ester. 1If the epoxy content is below 10 parts,
the heat and humidity resistance is only slightly
improved. If the content is over 500 parts by weight,
there is unreacted epoxy resin left and initial peel

20 adhesion decreases.

Known conductive materials can be chosen from such
as metal particles, coagulated metal particles, solder
particles, and conductive particles having a polymer core
thin metal surface layer. Compositions of the invention

25 contain from about 0.1 part to about 20 parts by weight
of the conductive material to 100 parts by total adhesive
weight. If the conductive material content is below 0.1
part, resistance stability decreases. If the content is
above 20 parts, there is a high possibility of short

30 circuit.

The invention can further comprise other
thermosetting resins such as phenolic and silicone
resins, epoxy hardeners, tackifiers, coupling agents,
antioxidants, modifiers and additives without departing

35 from the spirit of the invention.

All percents, parts and ratios herein are by weight

unless specifically stated otherwise. The following
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';5- ate ester conpounds include, but are not |ju,}. he
follgﬁfi%ﬁBI , - and 1, 4-di cyanobenzene; 2-tert-butyl-1, Ikg?tsgﬁggﬁ zene, .

2, 4-di et hyl - 1, 3-di cyanobenzene, 2,5-di-tert-butyl-1,4-di¢yaﬂpb§b;?g&éE£ENi\

'S

tetranethyl - 1, 4-di cyanobenzene; 4-chl orq1, 3-di cyanobenzend; > {50, o
1, 3,5-tricyanobenzene; 2,2'- and 4, 4'-dicyanobi phenyl; | At

examples are meant to be illustrative and do not limit

the scope of the inventicn, which is defined sclely by
the claims.

S EXAMPLES
EXAMPLE 1
(1) Preparation of the adhesive
100 g of "Aroccy B1lO" (2,2-bis(4-cyancphenyl)
propane), having a molecular weight (Mw) of 270,
10 available from Hi-Tek, was used as the cyanate ester and
100 g of "Eslec BX-1" a polyvinyl-butyral (PVB)}, having a
Mw of 100,000, available from Sekisui Chemical was used
as a film-formable thermoplastic resin. They were (
dissolved into 200 g of MEK, "Quatrex 1010", a DGEBA type
15 epoxy with an epoxy equivalent weight of 186, available
from Dow Chemical Co.), along with 0.5 g of
cyclopentadinyel-Fe-dicarbonyl dimer ({(CsHs;.Fe(CO),;)),/iron
dicarbony/dimer (ICD) as a curing catalyst and 15 g of
Finepearl™ Au-10s (Au plated polymer particle, average
20 dia. 10y, Sumitomo chem.) were added to the solution.
The solution was then applied on a releasing polyester
film (thickness 50ux) with a hand applicator and dried in
the oven.
Thus the ZAF with a thickness of 23u was obtained.
25 (2) Resistance and peel adhesjon test
Commercial gold (Au) plated Copper/polymide film
printed circuit (pitch=0.2 mm, conductor width=0.1lmm)
(FPC) and ITO glass (arc resistivity=30 ohm/sg) was
bonded at 180°C and 30Kg/cm? pressure for 20 seconds.
30 Resistance and peel adhesion were measured respectively
by a multimeter and a tensiometer before and after
humidity aging for 250 hours at 85°C and 85% RH.
(3) Short circuit
The above FPC and an insulative glass were bonded at
35 180°C and 30Kg/cm®’ pressure for 20 seconds. The
insulative resistance between 200 adjacent conductors was
measured by a multimeter. —
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5,5 -tetranet hyl -4, 4' -di cyanobi phenyl; 1,3-, 1,4-, 1,5-, 1,6-, 1, 8-,

wod3H17sg di cyanonapht hal ene; 1, 3, 6-tricyanonapht ha o
4-cyanopﬁg%yl)nethane; bis(3-ch|oro-4-cyanopheny|)ne%§gn%Ey&“‘l

3, 5-di net hyl - 4- cyanophenyl ) net hane; 1, 1- bi s(4-cyanophenyl ) et hane;

bi s(4- cyanophenyl ) propane; 2, 2-bis( 3 di br ono- 4- cyanophenyl ) pr opane;
bi s(4-cyanophenyl )-1,1,1, 3, 3, 3- hexa Tuoropropane

4- cyanophenykpggst er; bi s(4-cyanophenoxy) benzene;
4- cyanophenyFZ%e%gF was cured at 180°C for 30 minutes in the
cven. After that, 5 wt% weight loss temperature was
measured by TGA951 (Dupont).
5 (5) Tg
Tg was measured by DSC4 (Perkin Elmer).
(6) Curing speed 1
Curing speed was estimated from DSC peak
temperature.
10 (7) curing speed 2
Curing speed was estimated from tack free time (TFT)
by a plate gelling timer. TFT is the time until there is
no remaining tack on the surface of the sample.
(8) Shelf 1life
15 Shelf life was studied from the viewpoint of
flexibility of the 2AF film, and is defined as the time
until a crack is produced when the film is bent at 180°.
(3) Revairabi
An FPC and an ITO glass were bkonded at 180°C for
20 30Kg/cm’ pressure for 20 seconds. After peeling off the
FPC, the time until the adhesive resdue was cleaned with

acetone was measured.

X TO
25 In examples 2-14, various types and amounts of
cyanate esters, catalysts, and epoxy resins were tested.
The preparation of the ZAF and the measurement method
were the same as Example 1. The resins used were as

follows:
30 Cyanate Ester Resin

AROCY B10 (2,2-bis(4-cyanophenyl)propane, Mw=270, Hi-Tek)
AROCY B30 (2,2-bis(4-cyanophenyl)propane, Mw=560, Hi-Tek)
ARCCY B50 (2,2-bis(4-cyanophenyl)propane, Mw=1100, Hi-
Tek)

35 AROCY M30 bis(3,5-dimethyl) (4-cyanophenyl)methane,
Mw=490, Hi-Tek)
QUATREX XU71787 (cycloaliphatic cyanate ester, Dow chem )
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'bis(i oyerpiegy/| ) t hi oet her; bi s(4-cyanophenyl ) sul f one;

tris{4-cyanophenyl)phosphate, and tris(4- cyanophenyl)phospﬁnvksgng%lusefu

are tyanic acid esters derived fromphenolic resins, e.g., as disclosed in .,
U.S.{Patent 3,963,184, cyanated novol ac %ﬁflns deri ved frod1ngyo*§ q‘e,gaibﬁg;
as djsclosed in U S. Patent No. 4,022,75 cyanat ed bi s-ph nol-type, f L

pol ycarbonate ol i gegeAaS ggrlved fronlblsphenol-type pol yca
ol i gbners, as_disclose

pol yhryl ene e?ﬂe?%pEEhGFéEPOSEH PAPRLRenpieenfuNgce

- - ————

Pat ent 4, 096, 913, ano ternlnated
%YQQEFGGOPt@nd di cyanat e

estey

s free afnd(¢dpibydpogen atons as

§ 5 Thermoplastic
UCAR PKHC (phenoxy, Mw=25000, UCC)
UCAR PKHH (PVB, Mw=35000, UCC)
ESLEC BX-5 (PVB, Mw=150000, Sekisui chem.)
ESLEC BXL (PVB, Mw=18000, Sekisui chem.)
10 FCRMVAR 7/95s (pelyvinylformaar, Mw=18000, Monsanto)
TAFUTEC M1913 (calboxylated SEBS, Mw=50000, Asahi chem.)
Epoxy resin
QUATREX1010 (DGEBA type epoxy, EEW=186, Dow chem.)
EPIKOTE 152 (Novolac ligquid epoxy, EEW=175, Shell
15 Chemical Co.)
EPOTOHTO YR102 (rubber modified epoxy, EEW=1200, Tokyo
Chemical Co.)
ERL 4221 (cycloaliphatic epoxy, EEW=137, UCC)
Conductive Material
20 Finepearl AulOs (Au plated polymer particle, Ave.
diameter 10y, Sumitome Chemical Co. }
Ti123 (Carbon Ni, Ave. dia. 4u, Inco)
SF-PbSns6040 (Superfine solder powder, Ave. dia. 10u,
Nippon Atomize)
25 The results are shown in Table 1. The resins used in
Examples 1 through 14 are as follows:
EX. CYANATE CATALYST THERMO EPOXY PARTICLE
PLASTICS
1 B10/100 IDC/1.0 BX1/100 1010/100 AU10s/15
30 2 B30/100 IDC/0Q.1 BXL/50 1010/10 AU10S/8
, 3 B30/100 IDC/3.0 BXL/200 1010/30 AU10s/9
! 4 B30/100 1IDC/5.0 BXL/300 1010/50 AUl0s/15
: 5 B10/100 IDC/1.0 BX1/100 152/300 AUl10S/50
6 B10/100 IDC/1.0 BX1/100 152/500 AUl0s/9
35 7 "B50/100 IDC/0.01 PKHC/50 YR102/100 AUl1l0s/15
8 B10/100 AcAcCu/0.5 M1913/20 Y¥YR102/30 AUl0S/8
9 XU/100 AcAcCu/10 7/955/30 YR102/200 AU10s/9
10 XU/100 Mn,(CO)10/2.C BX5/10 ERL4221/50 AU10s/15
11 XU/100 CoNp/1.0 PKHH/50 ERL4221/75 AU10S/8
40 12 B10/100 CuNp/1.0 BXL/150 1Q10/10 AUl10s/9
13 B10/100 1IDC/3.01 BX1/200 1010/50 AU1l0S/8
i4 B50/100 1IDC/3.0 PKHH/100 152/100 AUl0s/9
lllsiiietliliilfﬁfillieim
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-'Exa‘ | esy@®b3Mifierred cyanate ester conpositions include Ig ﬁﬂ!
wei ght ol 1 goners, e.g., fromabout 250 to about 1200, of blsp{?j%no i

di cyfanat es such as AroQ/ UC- 30 Cyanate Ester Sem solid Resin, cormerm
avaijl abl e from Hi - Tex polyners, Jeffersoaygun, Kentucky; "’?E ‘Jw &EtN
rom- HL,.

wei ght ol i gomers of tetra o-methyl bisphenol F dicyanateg, TiicH'
M 30 Cyanate Ester Semi solid P@gypARglrgt)vcgm gl hyxeavai | abI &
Pol yirers; | ow_nol ecul ar Wm%r‘(t Q rs o | odl phenol - anat ‘ed, such
as AroCy T-30 (' @é‘tag} S HFe "c?%aé‘f 3 Pk i FR8nECEPet he
i nvention. An ﬁgmwwsnmmmmamﬁe Ghedmie B3 b on gexamplal lic
salt] are suityfliq FUMdS Sad HAP W) £ difeRlgnon 8 fegopPOUNd
| 5 which does not have a reactive group for an epoxy resin.
The test results ares shown in Table 2. The resins used

in comparative examples 1 through 6 are as follows:

i
v

i EX. CYANATE CATALYST THERMO EPOXY PARTICLE
10 PLASTICS
§
; 1 310/100 IDC/0.005 BX1/400 0 AU10s/2.5

2 B30/100 IDC/20 BXL/S 152/50 AUl0s/1.0

3 B30/100 1IDC/1.0 PKHC/100 1010/800 T123/10.0 (

15 4 XU/100 AcAcCu/1 PKHC/50 10107300 T123/0.1
i 85 XU/100 AcAcCo/15 BXL/50 152/85 T123/0.1
: 6 XU/100 IDC/5S G165C/300 152/10 AUl10s/10.0
s Sheet Has Been Replaced
SUBSTITUTE SHEET HIIlllllIIIlHIlIIIIﬁI\
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'.;74 err W i ron di carbonyl dinmer err]
nmet hy§l cy%ﬁ%&@% r}z}ﬂm wﬁgg rbonyl, all avail abl epﬁ%ﬁgﬁ‘éiﬂ
Chengcal Conpany, ureypar ssachusetts and hexaf | uorophosphate salt
of t@e cycl opentadientyl iron nesitylene ggéLon, [err] ( ARG gﬁhN
and ffri fi uor onet hanesul fonate salt of the tycl opentadi enyl|l iffibn: nES|L E i
catign, [err] slnglﬁqgégg %] both of which may be prbpared as. ]
descdibed in U S. “Patent 77, incorporated herein by reference. O her
organonetal lic conpouhdsAnh¢%h59F§°EE?@é%YeCQB@HF?éYS gdregi¥ein the
presgnt inventigppai8idiyscl osed in EPO Publication No. 364,073. Suitable
sour ges of
! (a) an adhesive composition comprising about 100
; 5 parts of cyanate ester, from about 0.0l to about 10 parts
5 of a catalyst, from about 10 to about 300 parts of a film

formable thermoplastic resin, and from about 10 to about

500 parts of an epoxy resin; and
(b) from about 0.1 to about 20 parts conductive
10 particles per 100 parts total weight of said adhesive.

2. The anisotropically conductive adhesive of
claim 1, wherein said catalyst is selected from the group
consisting of organcmetallic compounds, metal chelates

15 and organometallic salts.

3. The adhesive of claim 1 wherein said film
formable thermoplastic resin is selected from the group
consisting of polyvinylbutyral, polyvinylformal,

20 polyvinylacetal, polyamide, phenoxy, polysulfone,
pelyacrylate, glycidyl acrylate, styrene-butadiene-
styrene block copolymers, carboxylic styrene-ethylene-
butylene-styrene block copolymers, and epoxylic styrene-
ethylene-pbutylene-styrene block copolymers.

25
4. The adhesive of claim 3 wherein the film
formable thermoplastic resin has a molecular weight of
from about 3,000 to about 200,000.
30 5. The adhesive of claim 1 wherein the cyanate

ester is selected from the group consisting of:
2,2-bis(4-cyanophenyl)propane, 2,2-bis(4-
cyanophenyl)propane, 2,2-bis{4-cyanophenyl)propane,
bis(3,5-dimethyl) (4-cyanophenyl)methane, and

35 cycloaliphatic cyanate ester.

This Sheet Has Been Re laced
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e

radigation for photogctivation of the catal ysts include such conventi onal

sourfceswesIer2asIr y ﬂﬂmﬂﬂmﬂ”ﬂﬂiﬁﬂ anps, tungston |anps, peImessd/edans.
fluqrescent |anps, carbon arcs, and sunlight.

Photjoact i vat ed catalysts are "pré&fetred as they increase s '
filnfornmable thernoplastics are those hayyng good conpati
cyanate ester and a group reactive to epoxy. Included in this cﬁggéﬁﬁﬁ

pol yivi nyl butyral , pobyVIﬂﬁéf@ﬁﬂ@btr@ﬂi&ﬂlmy|ﬁﬁﬁﬁﬁbﬁlp§|¥-“-~
pol yisul f one, I arbonate.sil n n acryl i dyl
acrylate cargg?yﬁaﬁe H%E%%? 3§5§y§8P§5°§ ggygﬁﬁ%t é%F %FQFE%F%G

t herjnopl ast i c§ramethkogeohpvienpgsheténgl ef metal partlcles, cocagulatad

! metal particles, solder particles, and conductive

f 5 particles having a polymer core and a thin metal surface

layer.

[
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f

wei ghts between about 3,000 and abo z
betow about 3000, the resin has a p B fi9 e FERn9eF abjjlity; if’t

nol ecul ar wei ght is over 200,000, t E‘Fﬁéﬁnﬁphast%enanl t he cyanate ester
will not mx adequately, and the curing tinme s srgniilcantly extended.
Sui t abl e pol ysul fones include those havihgtthe general formula: [err] n

wherein mis 0 or 1, and ArJ\_zﬁg%rlk%pL:% W oo MEA Rwedhvd rrrn

Background of the Invention
Field of the Invention

The present invention relates to an anisotropic
adhesive composition, and Z-axis adhesive film formed

G"T-F‘

therefrom.

Description of the Related Art
Recently, with the development of high-density

mounting and improved techniques in making electrical
components, electrical circuits have become smaller and
have higher connection densities. For bonding these
precise and fine-pitch circuits, conductive adhesives
have been frequently used. Ideally, a conductive
adhesive is provided as a self-supporting film. Liquid
systems, such as prior art epoxies will migrate due to
capillary action and may touch or contaminate a critical
area of the circuit. Anisotropic conductive films, alsoc
known as Z-axis films have been proposed. pné advantage
is that ZAFs provide pressure-engaged connections.
Therefore, excellent resistance stability, high peel
adhesion, and high insulative resistivity are needed for
the 2AF. Also, to improve the productivity, a very short
bonding time and low bonding temperature such as 180°C
for 20 seconds are required. Moreover, with the progréss
of cirpuits, the alignment has become more difficult and
the number of connection failures has also increased. So
repairability is essential; repairability is defined as
the ease by which the substrate is cleaned with normal
solvents.

As disclosed in JPP1987-181379 and JPP1588-86781
(), Styrene-butadiene-styrene block copolymers (SBS) and
styrene-ethylene~butylene-styrene clock copolymers (SEBS)
are used. These thermoplastic resins have good
repairability, but poor heat and humidity resistance.
Further, the resins are high molecular weight, and have a
high melt viscosity. The resistance stability tends to

This is the replasement sheet

Date: 28 Fep 1997



Is preferably fromabout 12 to about 50, and when mis 1, n is preferably
from about 40 to about 70. Exanples of suitable polysul fones include
"P1700- NT11", comrercially avail able from Aroco Performance Products,

Ri dgefield, CT; and "Victrex PES 5003P",_§anercially avail able fromICl
Advanced materials, WIlmngton, DE. SuitalBile polyvinyl acetals are those

having (he SohgtShe” QLU unt SLALoBNELOW R 58, LRl allon group,
pis fromO t@empanatsv)élypler@easkyg mnéugrcaamepatrhanlns aries greater
than p, mis }g&éifggp 800, and each

Epoxy thermoset adhesives have also been proposed;
however, they are noct repairable. Further, the curing
speed is short, the shelf life is short, and the mixing
of resin and hardeners are scmetimes ineffective.

Z-axis films using cyanate films exhibit fast
curing, good heat resistance, excellent resistance
stability and repairability. However, cyanate esters may
also easily absorb moisture, and the peel adhesion may
decrease after humidity aging.

Combinations of cyanate esters and epoxy resins are
disclosed in U.S. Patent No. 3,562,214. However, the
addition of epoxy resins to cyanate esters remarkably
decreases the heat resistance temperature. Also film-
formability is significantly impaired.

It has now been discovered that certain combination
of an epoxy, a cyanate ester, and a film-formable
thermoplastic resin provide a z-axis film with a rapid
curing speed, good heat resistance, good humidity
resistance, long shelf life and excellent repairability.

Summary of the Invention

The present invention provides a composition for the
formation of an anisotropically conductive adhesive film
which provides good adhesive properties, excellent
repairability, and good heat resistance.

Anisotropically conductive adhesives of the
invention comprise:

{a) an adhesive composition comprising about 100
parts cyanate, from 0.01 to about 10 parts catalyst, from
10 to about 300 parts film formable thermoplastic resin
and from about 10 to about 500 parts epoxy resin; and

(2) from about 0.1 to about 20 parts conductive
particles per 100 parts total weight of the adhesive
composition.

This is the replacement sheet
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mononer i s randomy distributed. Suitable phenoxy resins have the follow ng
general fornula: [err] wherein nis 75 to 150. Useful phenoxy resins

i nclude "UCAR' resins, available in three nol ecul ar wei ght grades ranging
from 25,000 to 35,000, from Union Carbide Conpany, Danbury, CT. -9-
Exanpl es of useful polyvinylacetals incl

The present invention further oprovides an
anisotropic film formed from the composition.

As used herein, the terms "Z-axis film" and "ZAF"
are used interchangeably to mean an adhesive film having
conductivity in the direction of the "2Z" axis.

Detailed Descrivntion of the Invention

Compositions of the invention contain cyanate esters
as major components. These resins have good heat and
humidity resistance and are capable of rapid curing with
certain sélf-crosslinking catalysts.

Cyanate ester resins comprise cyanate ester
compounds (monomers and oligomer) each having two or more
-OCN functional groups, and typically having a cyanate
equivalent weight of from about 50 to about 500,
preferably from about 50 to about 250. The molecular
weight of the moncmers and oligomers are typically from
about 150 to about 2000. If the melecular weight is tco
low, the cyanate ester has a crystalline structure which
is difficult to dissolve in sclvent. If the molecular
weight is too high, the compatibility of the cyanate
ester with other resins is poor.

Preferred compositions of the invention include one
or more cyanate esters according to Formulas I, II, III
or IV. Formula I is represented by

Q(OCN), Formula I

wherein p can be from 2 to 7, and wherein Q comprises at
least one of the following categories: (1) a mono-, di-,
tri-, or tetra-substituted aromatic hydrocarbon
containing from about 5 to about 30 carbon atoms, (2) a 1
to 5 aliphatic or polycyclic aliphatic mono-, di-, tri-
or tetra- substituted hydrocarbon containing from about 7
to about 20 carbon atoms. Optionally, either category
may contain from about 1 to about 10 hetercatoms selected
from the group consisting of non-peroxidic oxygen,

This is the replacement sheet
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pol yvi nyl butryal s, such as Sekisui S-LEC BX-L. Exanples of useful

pol yam des include Unires 2636, commercially avail able from Uni on Canp,
Jacksonville, FL. Exanples of polyesters include Dynapol 206, comercially
avai l abl e from HULS Anerica, Inc. One useful polycarbonatesiloxane is
LR3320, from General Electric, Schnect ad?‘,"’NY. Exanpl es of *pol yvinylics

I ncl ude pol yst ne, polyacr ) th vLat:es. resin
i s defined ass‘g{f‘é’é‘i rfpm%/ﬁrh%gér%%lgét%‘gﬁg%}g‘g}ég%kyﬁgﬁoh%;% re gr a%; v,
convent i onal leogen esamd $invieon f r ofcapele 150160rapsgsend®ce Ry

equi val ents nmay be used. Theylepoxy resin con'ﬁrsi ses from about 10 to about

500 parts by wei ght per 100 rts of '
Fermula II -
Rr3 R4

where X is a single bond, a lower alkylene group having
from 1 to 4 carbens, =-S-, or the S0, group; and where R!,
R?, R®, R', R*, and R® are independently hydrogen, an alkyl
group having from one to three carbon atoms, or the
cyanate ester group (-OC=N), with the proviso that at
least two of R!, R}, R’, R', R’, and R® are cyanate ester
groups. In preferred compounds, each of the R groups is
either -H, methyl or the cyanate ester group.

Formula III is represented by Formula III

O-C=N ' O-C=N ‘ O-C=N

O-QCTO0

where n is from 0 to about 5.

Formula IV is represented by

Formula IV

vherein R’ and R' are independently

R9 R |

wherein R?, R, R" are independently -H, a lower alkyl
grdup having from about 1 to about 5 carbon atoms, or the
cyanate ester group, preferably hydrogen, methyl or the
cyanate ester group, with the proviso that R’, and R!
combined include at least two cyanate ester groups.

This is the replacement sheet
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cyanate ester. If the epoxy content is below 10 parts, the heat and

hum dity resistance is only slightly inproved. If the content is over 500
parts by weight, there is unreacted epoxy resin left and initial peel
adhesi on decreases. Known conductive materials can be chosen from such as
metal particles, coagulated netal particless solder particles, and
conductive particles having a polynmer core thin netal surface |ayer.

Conposi tions of thdlsefehtecyanaontested rasnpxnds Olicpade, tuabave @Ftparts

by wei ght of t [ d 0 100 parts by total adhesive weight.
If the conduct3Tr]‘."(\jn(‘a"'%)rréxa]f-?(LeltgclS aﬁ'/f%‘or?ra\%gnt@%nsé'bel ow 0.1 part, resistance stability .
decreases. |f i M chié TEARNRPE® N/ S, there is a high possibility of

short 2-tert-butyl-1,4-dicyancbenzene;
2,4-dimethyl~-1,3-dicyancbenzene;
2,5-di-tert-butyl-1,4-dicyancbenzene;
tetramethyl-1,4~-dicyancbenzene;
4-chlcro-1,3~dicyancbenzene;
1,3,5-tricyanobenzene;
2,2’- and 4,4'-dicyanckiphenyl;
3,3’5,5’-tetramethyl=-4,4’~dicyanocbiphenyl;
i,3-, 1,4-, 1,5-, 1,6-, 1,8-, 2,6-, and 2,7~
dicyanonaphthalene;
1,3,6-tricyancnaphthalene;
bis(4-cyanophenyl)methane;
bis(3-chloro-4-cyanophenyl)methane;
bis(3,5-dimethyl-4-cyanocphenyl)methane;
l1,1-bis(4-cyanophenyl)ethane;
2,2-bis(4-cyanocphenyl)propane;
2,2-bis(3,3-dibromo~4-cyanophenyl)propane;
2,2-bis (4-cyanophenyl)-1,1,1,3,3,3-hexafluoropropane;
bis(4-cyanophenyl)ester;
bis (4-cyanophenoxy)benzene;
bis(4-cyanophenyl)ketone;
bis(4-cyanophenyl)thiocether;
bis (4-cyanophenyl)sulfone;
tris(4-cyanophenyl)phosphate, and
tris(4-cyanophenyl)phosphate.

Also useful are cyanic acid esters derived from
phenolic resins, e.g., as disclosed in U.S. Patent
3,963,184, cyanated novolac resins derived from novolac,
e.g., as disclosed in U.S. Patent No. 4,022,755, cyanated
bis-phenol-type polycarbonate oligomers derived from
bisphenol-type polycarbonate cligomers, as disclosed in
U.S. Patent 4,096,913, cyano-terminated polyarylene
ethers as disclosed in U.S. Patent No. 3,595,000, and
dicyanate esters free of ortho hydrogen atoms as
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circuit. The invention can further conprise other thernosetting resins such
as phenolic and silicone resins, epoxy hardeners, tackifiers, coupling
agents, antioxidants, nodifiers and additives w thout departing fromthe
spirit of the invention. Al percents, parts and ratios herein are by

wei ght unl ess specifically stated otherw-ge The foll ow ng exanpl es are
nmeant to be illustrative and do not |imt the scope of the invention, which
i s defined sokglsyelbgelhenclyasns2atant No. 4,740,584, mixtures of di-

and tricyanates as disclcsed in U.S. Patent No.
4,709,008, polyarcmatic cyanatss containing pelycyclic
aliphatic groups as disclosed in U.S. Patent No.
4,528,265, e.g., QUARTEX™ 7187, available from Dow
Chemical, fluorocarben cyanates as disclosed in U.S.
Patent No. 3,733,349, and cyanates disclecsed in U.S.
Patents 4,195,132, and 4,116,946, all cf the foregoing
patents being incorporated by reference.

Polycyanate compounds cobtained by reacting a phencl-
formaldehyde precondensate with a halogenated cyanide are
also useful.

Examples of preferred cyanate ester compositions
include low molecular weight oligomers, e.g., from about
250 to about 1200, of bisphenocl-A dicyanates such as
AroCy UC-30 Cyanate Ester Semisolid Resin, commercially
available from Hi-Tex polymers, Jeffersontown, Kentucky;
low molecular weight ocligomers of tetra o-methyl
bisphencl F dicyanates, such as AroCy M-30 Cyanate Ester
Semisolid Resin, alsc commercially available from Hi-Tek
Polymers; low molecular weight oligomers of thiodiphenol
dycyanated, such as AroCy T-30 Cy.

' Known curing catalysts are useful in compositions of
the invention. An organometallic compound, metal chelate
or an organcmetallic salt are suitable candidates. An
organcmetallic is defined as a compound which has at
least one carbon directly connected to a metal atom.
Metal chelate compounds are defined as those compounds
having a ligand over 1-6 and such catalysts as
acetylacetonate copper. These catalysts are activated by
both heat and light, and therefore exposure to heat can
shorten the curing time even more. They are easily
dissolved and dispersed in the adhesive solution.

Catalysts for the reaction of the cyanate ester
include organometallic compounds’ containing a
cyclopentadienyl group, C,H,, and suitable derivatives,
such as cyclopentadienyl iron dicarbonyl dimer,
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EXAMPLES EXAMPLE 1 (1) Preparation of the adhesive 100 g of "Arocy B10"

(2, 2-bi s(4-cyanophenyl) propane), having a nol ecul ar weight (Mvy of 270,
~avai lable from Hi -Tek, was used as the cyanate ester and 100 g of "Esl ec
BX-1" a polyvinyl-butyral (PVB), having a Mwvw of 100, 000, avail able from
Seki sui Chem cal was used as a filmformable thernoplastic resin. They were
di ssolved into 200 g of MEK, "Quatrex 10¥F~ a DGCEBA type epoxy with an
epoxy equi val ent wei ght of 186, avail able from Dow Chem cal Co.), along
with 0.5 g of (EyhFefeR) sldi npentRBeghycHSIPPeMtREA en¥dr RAonoRicarbonyl

di car bony/ di Mgk nek-Cok, @i, § K/ ¢d1Y, Calddsicpethgéntadienyl
manganesetricarbonyl, all available from Strem Chemical
Company, Newburyport, Massachusetts, and
hexafluorophosphate salt of the cyclopentadientyl iron
mesitylene cation, C;H; (mesitylene)Fe*PFy, and
triflucromethanesulfonate salt of the cyclopentadienyl
iron mesitylene cation, CH; (mesitylene)Fe*CF;SO,, both
of which may be prepared as described in U.S. Patent
4,868,277, incorporated herein by reference.

Other organometallic compounds which are suitable
catalysts for use in the present invention are disclosed
in EPO Publication No. 364,073. Suitable sources of
radiation for photoactivation of the catalysts include
such conventional sources as mercury vapor discharge
lamps, tungston lamps, xencn lamps, fluorescent lamps,
sunlamps, lasers, carbon arcs, and sunlight.
Photoactivated catalysts are preferred as they increase
shelf life.

Useful film-formable thermoplastics are those having
good compatibility with cyanate ester and a group
reactive to epoxy. Included in this class are
polyvinylbutyral, polyvinylformyl, polyvinylacetal,
polyamide, phenoxy, polysulfone, polycarbonate siloxane,
pelyvinyl, epoxy acrylate, glycidyl acrylate,
carboxylated SEBS, epoxylated SEBS and the like.
Preferred thermoplastics are those having molecular
weights between about 3,000 and about 200,000. If the
molecular weight is below about 3000, the resin has a
poor film-forming ability; if the molecular weight is
over 200,000, the thermoplastic and the cyanate ester
will not mix adequately, and the curing time is
significantly extended. '
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Fi nepearl[err] Au-10s (Au plated polynmer particle, average dia. 10A,

Sum tono chem ) were added to the solution. The solution was then applied
on a releasing polyester film(thickness 50[err]) with a hand applicator
and dried in the oven. Thus the ZAF with g thickness of 23[err] was
obtained. (2) Resistance and peel adhe5|on t est Cbnner0|al gold (Au) plated

Copper/ pol ym de flggkggbagego v#F& Oqﬁ?’ %ﬁﬁﬁ?ﬁ?ég : gt h=0. 1nm

(FPC) and ITO glass (arc re O[err] and

30Kg/ [err] présserélféprzglééconds

ReS|stance and peel
a tensioneter

adhesi on were
before and af

O

ter

nmeasured respec{Tvlly by a nult¢gpter an
hum dity agi ng forl 250 heeRs at
05

e
wherein m is 0 or 1, and n is 10 to 500. When m is 0, n
is preferably from about 12 to about 50, and when m is 1,
n is preferably from abocut 40 to about 70.

Examples of suitable polysulfones include "P1700-
NT11", commercially available from Amoco Performance
Products, Ridgefield, CT; and "Victrex PES 5003P",
commercially available from ICI Advanced materials,
Wilmington, DE.

Suitable polyvinyl acetals are those having the
general formula:

—1 - CHz—{— |- CHCHZ —|— | ~CHCHp
0 i
d €=0

wherein X is -H-or a C,-C, alkyl group, and m is from
about 80 to about 2400, n is from about 10 to about 2200,
and p is from 0 to about 500. Preferably, m is greater
than'n, n is greater than p, m is less than 800, and each
monomer is randomly distributed.

Suitable phenoxy resins have the following general

formula: ™~ -
CH; HHH
! 1 1 3
+0 O c O0-C-C~-C—t=
1 LI |
CH; H OHH
L dn

wherein n is 75 to 150.

Useful phenoxy resins include "“UCAR" resins,
available in three molecular weight grades ranging from
25,000 to 35,000, fro@ Union Carbide Company, Danbury,
CT.
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(3) Short circuit The above FPC and an insulative glass were bonded at
180[err] and 30Kg/[err] pressure for 20 seconds. The insulative resistance
bet ween 200 adj acent conductors was neasured by a multineter. (4) TGA
The ZAF was cured at 180[err] for 30 mnutes in the oven. After that, 5 W%
wei ght | oss tenperature was measured by TGAQ51 (Dupont). (5) Tg Tg was
nmeasured by DSC4 (Perkin Elner).

Examples of useful polyvinylacetals include

pelyvinylbutryals, such as Sekisui S~LEC BX-L.

Examples of useful polyamides include Unires 2636,
commercially available from Union Camp, Jacksonville, FL.

Examples of polyesters include Dynapol 206,
commercially available from HULS America, Inc. One
useful polycarbconatesiloxane is LR3320, from General
Electric, Schnectady, NY. Examples of polyvinylics
include polystyrene, polyacrylates, and
polymethacrylates.

An epoxy resin is defined as a resin having more
than one epoxy group. Preferably, conventional epoxy
resins having from about 150 to about 400 epoxy
equivalents may be used. The epocxy resin comprises from
about 10 to about 500 parts by weight per 100 parts of
cyanate ester. If the epoxy content is below 10 parts,
the heat and humidity resistance is only slightly
improved. If the content is over 500 parts by weight,
there is unreacted epoxy resin left and initial peel
adhesion decreases. '

Known conductive materials can be chosen from such
as metal particles, coagulated metal particles, solder
particles, and conductive particles having a polymer core
thin metal surface layer. Compositions of the invention
contain from about 0.1 part to about 20 parts by weight
of the conductive material to 100 parts by total adhesive
weight. If the conductive material content is below 0.1
part,fresistance stability decreases. If the content is
above 20 parts, there is a high possibility of short
circuit.

The invention can further comprise other
thermosetting resins such as phenclic and silicone
resins, epoxy hardeners, tackifiers, coupling agents,
antioxidants, modifiers and additives without departing
from the spirit of the invention.

All percents, parts and ratios herein are by weight
unless specifically stated otherwise. The following

: get
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(6) Curing speed 1 Curing speed was estimated from DSC peak tenperature.
(7) Curing speed 2 Curing speed was estimated fromtack free tine (TFT) by
a plate gelling timer. TFT is the tine until there is no remaining tack on
the surface of the sanple. (8) Shelf life Shelf life was studied fromthe
viewpoint of flexibility of the ZAF filmisnd is defined as the tinme until
a crack is produced when the filmis bent at 180. (9) Repairability An FPC
and an |1 TO gl esamptes apadmdant €80fer il1fiscr38Kge[ &nd] apr aszundafiey 20

seconds. Aftgﬁepgggbggc?féhéhfnventicn, which is defined soclely by
the claims.

EXAMPLES
EXAMPLE 1

(1) Preparation of the adhesive

100 g of "Arocy B1o" (2,2-bis(4-cyanophenyl)
propane), having a molecular weight (Mw) of 270,
available from Hi-Tek, was used as the cyanate ester and
100 g of "Eslec BX-1" a polyvinyl-butyral (PVB), having a
Mw of 100,000, available from Sekisui Chemical was used
as a film-formable thermoplastic resin. They were
dissolved into 200 g of MEK, "Quatrex 1010, a DGEBA type
epoxy with an epoxy equivalent weight of 186, available
from Dow Chemical Co.), along with 0.5 g of
cyclopentadinyel-Fe-dicarbonyl dimer ((CH;.Fe(CO),)),/iron
dicarbony/dimer (ICD) as a curing catalyst and 15 g of
Finepearl™ Au-10s (Au plated polymer particle,” average
dia. 104, Sumitomo chem.) were added to the solution.
The solution was then applied on a releasing polyester
film (thickness 50u) with a hand applicator and dried in
the oven. |

Thus the 2ZAF with a thickness of 23u was obtained.
(2) Resistance and peel adhesjon test

Commercial gold (Au) plated Copper/polymide film
printed circuit (pitch=0.2 mm, conductor width=0.1lmm)
(FPC) and ITO glass (arc resistivity=30 ohm/sq) was
bonded at 180°C and 30Kg/cm’ pressure for 20 seconds.
Resistance and peel adhesion were measured respectively
by a multimeter and a tensiometer before and after
humidity aging for 250 hours at 85°C and 85% RH.
(3) Short circuijt

The above FPC and an insulative glass were bonded at
180°C and 30Kg/cm’ pressure for 20 seconds. The
insulative resistance between 200 adjacent conductors was

me by a multimeter. ,
asured by acement sheeél

This is the rep!
125?€B‘§ﬂ
Date:

This is the répiaeement sheet



FPC, the tinme until the adhesive resdue was cl eaned with acetone was
measured. EXAMPLES 2 TO 14 In exanples 2-14, various types and ampunts of
cyanate esters, catalysts, and epoxy resins were tested. The preparation of
t he ZAF and the measurenment nethod were the same as Exanple 1. The resins
used were as follows: Cyanate Ester Resif1¥AROCY B10 (2

, 2- bi s(4- cyanophenyl ) propane, Man=270, Hi -Tek) AROCY B30

(2, 2-bi s(4-cydAdphZ&yl ) propane, Mw=560, Hi-Tek) ARCCY B50

(2,2-Dbi s(4- Cyanoph@ﬂxliﬂ%oaaeecuyualéﬂoasﬁhc £8K) 36RRERMBY in the

bi's(3,5- dlnEthx|A(4 C¥%2gpggg¥l wt% we;ght loss temperature was

measured by TGAS51 (Dupont).
(5) Tg

Tg was measured by DSC4 (Perkin Elmer).
(6) Curinc speed 1

Curing speed was estimated from DSC peak
temperature.
(7) Curing speed 2

Curing speed was estimated from tack free time (TFT)
by a plate gelling timer. TFT is the time until there is
no remainin§ tack on the surface of the sample.
(8) She ife

Shelf life was studied from the viewpoint of
flexibility of the ZAF film, and is defined as the time
until a crack is produced when the film is bent at 180°.
(S) Repajrability

An FPC and an ITO glass were bonded at 180°C for
30Kg/cm? pressure for 20 seconds. After peeling off the
FPC, the time until the adhesive resdue was cleaned with
acetone was measured.

EXAMPLES 2 TO 14

In examples 2-14, various types and amounts of
cyanate esters, catalysts, and epoxy resins were tested.
The preparation of the ZAF and the measurement method
were the same as Example 1. The resins used were as
follows:

Cvanate Ester Resin
AROCY B10 (2,2-bis(4-cyanophenyl)propane, Mw=270, Hi-Tek)
AROCY B30 (2,2-bis(4-cyancphenyl)propane, Mw=560, Hi-Tek)
AROCY BS50 (2,2-bis(4-cyanophenyl)propane, Mw=1100, Hi-
Tek) ‘
AROCY M30 bis(3,5-dimethyl) (4-cyanophenyl)methane,
Mw=490, Hi-Tek)
QUATREX XU71787 (cycloaliphatic cyanate ester, Dow chen.)

)
ant shee
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Mv=490, Hi - Tek) QUATREX XU71787 (cycloaliphatic cyanate ester, Dow chem)
-12- Catal yst Co naphthenate, Cu naphthenate, Cu acetyl acetonate,
Wh2(co) 10, | DC Ther nopl asti ¢ UCAR PKHC (phenoxy, Ma=25000, UCC) UCAR
PKHH (PVB, Ma=35000, UCC) ESLEC BX-5 (PVB, Ma=150000, Seki sui
chem ) ESLEC BXL (PVB, Ma=18000, Sekagui chem)

Catalvst
Co naphthenate, Cu naphthenate, Cu acetylacetonate,
Mn2(ce}10,IDC

Thermoplastic
UCAR PKHC (phenoxy, Mw=25000, UCC)
UCAR PKHH (PVB, Mw=35000, UCC)
ESLEC BX-5 (PVB, Mw=150000, Sekisui chem.)
ESLEC BXL (PVB, Mw=18000, Sekisui chem.)

FORMVAR 7/95s (polyvinylformaar, Mw=18000, Mcnsanto)

TAFUTEC M1913 (calboxylated SEBS, Mw=50000, Asahi chem.)
Epoxv resin

QUATREX1010 (DGEBA type epoxy, EEW=186, Dow chem.)

EPIKOTE 152 (Novolac liguid epoxy, EEW=175, Shell

Chemical Co.)

EPOTOHTO YR102 (rubber modified epoxy, EEW=1200, Tokyo
Chemical Co.)

ERL 4221
Conductive Material

Finepearl AulOs (Au plated polymer particle, Ave.
diameter 10u, Sumitomo Chemical Co.)

T123 (Carbon Ni, Ave. dia. 4u, Inco)

SF-PbSn6040 (Superfine solder powder, Ave. dia. 104,
Nippon Atomize)

The results are shown in Table 1.
Examples 1 through 14 are as follows:

(cycloaliphatic epoxy, EEW=137, UCC)

The resins used in

EX. CYANATE CATALYST THERMO EPOXY PARTICLE
- PLASTICS

1 B10/100 IDC/1.0 BX1/7100 1010/100 AUl0s/1S

2 B30/100 1IDC/0.1 BXL/50 1010/10 AU10S/8

3 B30/100 IDC/3.0 BXL/200 1010/30 AUl0s/9

4 B30/100 IDC/5.0 BXL/300 1010/50 AUl10s/15

) B10/100 IDC/1.0 BX1/100 152/300 AUl0S/50

6 B107100 1IDC/1.0 BX1/100 152/500 AUl0s/9

7 B50/100 IDC/0.01 PKHC/S0 YR102/100 AUl0s/15

8 B10/100 AcAcCu/0.5 M1913/20 YR102/30 AUl0S/8

9 XUu/100 AcAcCu/10 7/955/30 YR102/200 AUl0s/9

10 Xu/100 Mn,(CO)10/2.C BX5/10 ERL4221/50 AUl10s/15

11 XU/100 CoNp/1.0 PKHH/50 ERLA4221/75 AU10S/8

12 B10/100 CuNp/1.0 " BXL/150 1010/10 AU10s/9

13 B10/100 IDC/3.01 BX1/200 1010/50 AUloSs/s

14 BS50/100 IDC/3.0 PKHH/100 152/100 AU10s/9
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Ni ppon Atom ze) The results are shown in Table 1. The resins used in

Exanples 1 through 14 are as follows: EX CYANATE  CATALYST THERMO
EPOXY PARTI CLE PLASTICS 1 B10/100 IDC 1.0 BX1/ 100

1010/ 100  AU10s/ 15 2 B30/100 IDC0.1 BXL/ 50 1010/ 10

AU10S/ 8 3 B30/100 I1DC/ 3.0 BXL/ 200 1010/ 30 AU10s/9 4

B30/100 IDC5.0 BXL/ 300 1010/ 5Q 14~ AU10s/ 15 5 B10/100 IDC 1.0
BX1/ 100 152/ 300 AU10S/ 50 6 B10/100 IDC/ 1.0 BX1/ 100

152/ 500 AU10s/9 7 B50/ 100coMPERATAYE EXAMERISSCH5G  YRL02/ 100

AULOS/15 8 10100 AcACQUO. S o MOISTZ0" (YRIOZLIO, e AAOSLELO acol 100

of t*u.s invention. Comparative Example 5 is an example
using G1650 (SEBS, Shell Chem.) a thermoplastic resin
which does not have a reactive group for an epoxy resin.
The test results are shown in Table 2. The resins used
in comparative examples 1 through 6 are as follows:

EX. CYANATE CATALYST THERMO EPOXY PARTICLE
PLASTICS
1 310/100 IDC/0.005 BX1/400 0 AU10s/2.5
2 B30/100 IDC/20 BXL/5 152/50 AU10S/1.0
3 B30/100 IDC/1.0 PKHC/100 1010/800 T123/10.0
4 XU/100 AcAcCu/1 PKHC/50 1010/300 T123/0.1
5 XU/100 AcAcCo/15  BXL/50 152/5 T123/0.1
6 XU/100 IDC/S G165C/300 152/10 AU10s/10.0
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COMPARATI VE EXANPLES 1- 6 These Conparative Exanpl es are exanpl es outside

t he scone n Conparative Exanple 5 is an exanpl e using
GL650 (SE a t hernopl astic resin which does not have a
reactive or|ansepoxy resin. The test resul'ts are shown in Table 2.

The resins used I n conparative exanples 1 through 6 are as ‘follows: EX

CYANATE CATALYST  THERMD EPOXY-16PARTI CLE PLASTICS 1 310/ 100
| DC/ 0. 005  BX1/ 400 0 AULOs/2.5 2 B30/100 I|DJ 20
BXL/ 5 159ha® is AUAGmeR Gs3 B30/ 100 1DJ 1.0 PKHC/ 100
1010/ 800 T123/10.0 . 1 =50 /300 T123/0.1
5 XU 100 AcAcCol 15"“%$§6r°égé§%§'5°°nd%$%§/ Sfﬂfeé%g

comprising:

(a) an adhesive composition comprising about 100
parts of cyanate ester, from about 0.0l to about 10 parts
of a catalyst, from abcut 10 to about 300 parts cf a film
formable thermoplastic resin, and from abcut 10 to about
500 parts of an epoxy resin; and

{b) from about 0.1 to about 20 parts conductive
particles per 100 parts total weight of said adhesive.

2. The anisotropically conductive adhesive of
claim 1, wherein said catalyst is selected from the group
consisting of organometallic compounds, metal chelates

¥ and organometallic salts.

3. The adhesive of claim 1 wherein said film
formable thermoplastic resin is selected from the group
consisting of polyvinylbutyral, polyvinylformal,
pelyvinylacetal, polyamide, phenoxy, polysulfone,
polyacrylate, glycidyl acrylate, styrene-butadiene-
styrene block copolymers, carboxylic styrene-ethylene-
butylene-styrene block copolymers, and epoxylic styrene-
ethylene-butylene-styrene block copclymers.

4. The adhesive of claim 3 wherein the film
formable thermoplastic resin has a molecular weight of
from about 3,000 to about 200,000.

5. The adhesive of claim 1 wherein the cyanate
ester is selected from the group consisting of:
2,2-bis(4-cyanophenyl)propane, 2,2-bis(4-
cyanophenyl)propane, 2,2-bis(4-cyanophenyl)propane,
bis(3,5-dimethyl) (4-cyanophenyl)methane, and
cycloaliphatic cyanate ester.

- This is the replacement sheet
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XU/ 100 D5 ————.GL65C 300 152/ 10 AUL0s/ 10. 0 -15- [err]
ni sotropically conductive adhesive conpri sing:

oo,
(a) an a ’l %’En conpri sing about 100 parts of cyanate ester
Lpartss

from0.01 to 10 catal yst,
-17-

6. The anisotrcpically conductive acdhesive of
claim 1 wherein said conductive particles are selected
from the group consisting of metal particles, coagulated
metal particles, solder particles, and cocnductive

particles having a polymer core and a thin metal surface

3

layer.
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from10 to 300 parts of a filmformable thernoplastic resin, and from10 to
200 parts of an epoxy resin; and (b) fromO.1 to 20 parts conductive
particles per 100 parts total weight of said adhesive. 2. The

ani sotropi cally conductive adhesive of im1, wherein said catalyst is
sel ected fromthe group consisting of orgfanonetal |ic conpounds, netal

chel ates and organonetallic salts. 3. The adhesive of any preceding claim

wherein saidfilmfornslg& m_l@ocﬁﬂ' b My ol ss_ﬁh.e fromthe group
consi sting of polyvinyl uﬁ/dr% pol yvi r@#ﬁ?ﬁn&%ﬁoo yvicitny acetal ,

pol yam de, phenoxy, polysulfone, pol ygdddgdse. 9l y- cidyl acrylate,
styrene-but adi ene-styrene bl ock copol'ynmers, carboxylic

styrene- et hyl ene- but yl ene-styrene bl ock copol yners, and epoxylic
styrene-et hyl ene- butay| egempdby¥i€dén bl Ede COpOLMIRGS. ah TaRisgBespYE Of
claim3 wherein the filmformble thernoplastic resin has a nol ecul ar

wei ght of fr omcondieticre’#l1m0Raving Tderapi suwrdimyf spewdpr héghHi hgatl ai m
wherein the cyanate ester is selected fromthe group consisting of:

2, 2- bi s(4- cyanoesdsranceophigh humidity resistance, long shelf life

2, 2- bi s(4-cyanophenyl ) propane, 2, 2- bi s(4- cyanophenyl ) propane, bis(3, 5-di ne-
t hyl ) (4- cyanophafly| éxeehient Fepadrabidiiitih crmrEiaing c adstadhegivehe

ani sotropi cal ly condyctive adhesi ye of %G¥ Qreceding cl ai m wherei n said

conduct i ve par CPEPE8HEI o0 cORLRADARG AP 00 partd cyanate ester,
from about 0.01 part to 10 parts of a curing catalyst,

from about 10 parts to about 300 parts of a £film-
formable thermoplastic resin, and from about 10 to
about 500 parts of an epoxy resin, and from about 0.1
part to about 20 parts conductive particles per 100

parts total adhesive composition.
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t he con5|st|ng of nmetal particles, coagul ated netal gg% ent

par u %uw,”j”m ctive particles having a polyner core %Ec |

sur ” 7- 6. The anlsotroplcally conductive ad63%| alm }
QLOUD%COQSLSLLngu*

e saOe <

1 wherein 'sai"d Sonductive particles are selected fromthe

of netal particles,.coagulated netal partjcles, solder particles, and

conductive particles having a polyner core and a thin netal surface |ayer.
ANISOTROPIC CONDUCTIVE ADHENSIVE FILM

CLAIMS

1. Ananisotropically conductive adhesive comprising:

(a) an adhasive composition comprising about 100 parts of cyanate estar, from 0.01 to 10 parts of a catalyst,
from 10 to 300 parts of a film formable thermoplastic resin, and from 10 to 500 parts of an epoxy resin; and
(b) from C.1 to 20 parts conductive particles per 100 parts total weight of said adhesive.

2, The anisotrapically conductive achesive of claim 1, wherein said catalyst is selected from the group consisting of
organometallic compounds, metal chelates and organometallic salts.

3. The adhesive of any preceding claim wherein said film formable thermopiastic resin is selected from the group
consisting of polyvinylbutyral, polyvinylformal, polyvinylacetal, polyamide, phenoxy, polysuifene, polyacrylate, gly-
cidyl acrylate, styrene-butadiene-styrene block copolymers, carboxylic styrene-ethylene-butylene-styrene block
copotymers, and epoxylic styrene-ethylene-butylene-styrene biock copolymers.

4. The achesive of claim 3 wherein the film formable thermoplastic resin has a molecular weight of from 3,000 to
200.,000.

5. The adhesive of any preceding claim wherein the cyanate ester is selected from the group consisting of;
2,2-bis(4-cyanophenyl)propane, 2,2-bis(4-cyanophenylipropane, 2,2-bis(4-cyanophenyl)propane, bis(3,5-dime-
thyi}{4-cyanophenyl)methane, and cyclcaliphatic cyanate ester.

6. The anisctropically conductive adhesive of any preceding claim wherein said conductive particle are selected from
the group consisting of metal particles, coagulated metal particles, solder particles, and conductive particles having
a polymer core and a thin metal surface layer.
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CLAIMS )

An anisotropically conductive adhesive comptising:

{a) an achesive composition comprising about 100 parts of cyanate estar, from 0.01 to 10 parts of a catalyst,
frem 10 to 300 parts of a film formable thermoplastic resin, and from 10 to S0Q parts of an epaxy resin: and
{b} from Q.1 ta 20 pans conductive particles per 100 parts total weight of said adhasive.

The anisctropically conductive achesive of claim 1, whersin said catalyst is selected from the group consisting of
organometailic compounds, metai chalates and organamatallic salts.

The adhasive of any preceding claim whersin said film formabie thermoplastic resin is selected from the group
consisting of polyvinylbutyral, polyvinylformal, polyvinylacetal, polyamide, phenoxy, polysulfone, polyacrytate, gly-
cidyl acrylate, styrene-butadienae-styrene block copolymaers, carboxylic styrene-ethylene-butylene-styrene blcck
copolymers, and apoxylic styrene-ethylens-butylena-styrens block copelymers.

The adhesive of claim 3 wherein the film formable thermoplastic resin has a molecular weight of from 3,000 to
200,000.

The adhesive of any preceding claim wharein the cyanate ester is selected from the group consisting of:
2.2-bis{4-cyancphenyl)propane, 2,2-bis{4-cyancphenyfpropane, 2,2-bis{4-cyancphenyl)propane, bis(3,5-dime-
thyl)(4-cyanophenylimethane, and cycloaliphatic cyanate sstar.

The anisotropically conductive adhesive of any precading claim wherein said conductive particte are selected from
the group consisting of metal particles, coagulated metal particles, solder particles, and conductive particles having
a polymer core and a thin metal surface layer.
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Anisotropic Conductive Adhensive Film

Abstract

A composition for forming an anisotropic
conductive film having a rapid curing speed, high heat
resistance, high humidity resistance, long shelf life and
excellent repairability comprising an adhesive
composition containing about 100 parts cyanate ester,
from about 0.01 part to 10 parts of a curing catalyst,
from about 10 parts to about 300 parts of a film-formable
thermoplastic resin, and from about 10 to about 500 parts
of an epoxy resin, and from about 0.1 part to about 20
parts conductive particles per 100 parts total adhesive
composition.



