SURFACE~MOUNT CONDUCTI VE ADHESI VES The present invention is direct edgtr'cl)MP COEj
surface nount conductive adhesive conposition. In particular, the present
inention relates to particular mixtures of finely divided silver
particles, an acrylated urethane resin or an acrylic resin, an acrylate
nonener, and free radical initiator uséfll as surface nount conductive
adhesi ve conpositions SURFADHNNOUNE| CONDUCTELVE ORMORENVESont 0 f | exi bl e
circuitry such as nmenbrane switches. Existing comrercially avail able
surface nount conductive adhesives are typically nade from m xtures of
epoxy resins, epoxfheupzeseas; invensivnaig siine@tedNten stuf@se t hese
material s { entydn @S AdNCOITL ki $8bohbodiRigh, TOgH! US Of elasticity.
For printed wiring, board (PWB) applications,since the substrate is rigid,
such hi gh modPIECEIMERT vekherBReReNE ERBERBLENhBALRHESHEPeen t he

el ectri cal “conpaiehdubad mhetavdst oAt einsbpeddridédr shllerrbl e circuits such
as nmenbrane sw S,.hig rf n duct Lye lves may
not be suitabﬂ%éggggh%%'o?nggggkgﬁggénagggggggfEg gs#%nhéuﬁgggﬁﬁfexing. I t
has al so been vesknveant aarydpbeympnondradandi feeeskodigadr conpatibility

wi th polymer t{ek; htbp a8bghi ah8Sshp8HeORoUhRY boh@BichIvien that during the
curing step, the egoxy systemreacts with the resin reiula}ng I n severe
di scol orati on afeFd¥e rRmpaRiLigRs for bonding electrica

components onto flexible circuitry such as membrane
switches.

Existing commercially available surface mount
conductive adhesives are typically made from
mixtures of epoxy regins, epoxy cufatives, solvent
and silver. When-bured, these materials tend to be
very brittle or exhibit.a high modulus of
elasticity. For printed wiring board (PWB)
applications,msincé thé'substrate is rigid, such
high modulus adhesives produce acceptable bonding
between the electrical component and the substrate.
However, for flexible circuits such as membrane
switches, high modulus surface mount conductive
adhesives may not be suitablg because of cracking
and loss of adhesion during flexing.

It has also been observed that epoxy based
adhesives show poor compatibility with polymer thick
film substrates based on vinyl resins in that during
the curing step, the epoxy system reacts with the .,
resin resulting in severe discoloration and loss in
adhesion.

G.P. Nguyen, J.R. Williams, and Fredrick W..
Gibson, "Conductive Adhesives", Circuits Assembly
January 1993, pages 36-38 and 41 discuss the general

- expected properties of surface mount conductive

adhesives for several applications.



G P. Nguyen, J.R WIllianms, .and Fredrick W G bson, "Conductive Adhesives",
Circuits Assenbly January 1993, pages 36-38 and 41 di scuss the general
expected properties of surface nmount conductive adhesives for several

appl i cations. -2- Accordingly, one aspect of the present invention is
directed to a surface nmount conductive &dhesive conprising: (a) about 2 to
about 15 parts by weight of a binder resin selected fromthe group

consi sting of acrylated urethane resins, acrylic resin, and m xtures
thereof; (b) about 2 to about 15 parts by weight of an acryl ate nononer;

(c) about 0.01 to t | r A calvdi {4t or; and
(d) about 72 to about qf%pﬁlﬁ{’ss%lggv%%%@ chf f%\%l qsrl’vi ded ‘gi.l verﬁ ,
particles. Andshéirashedt tef at Furpresepoungy spndystiyedpdbesdye o an

el ectrical coaagggmgiﬁqnface nounted onto a substrate by the above-noted
conducti ve-adhesi v

adhesi ve conpositi %fg Q%L%hPP%Oﬁ%@§%$g§g§§9§¥githq%ggcgéngﬁggggfghvﬁas

four critical conpoirdes. resincesleched strent thebgnoepr ¢ershsting| east one

acrylic of acrylated urethane resins, acrylic resin, and
mixtures thereof;

(b) about 2 to about 15 parts by weight of an

acrylate monomer;

(c) about 0.01 to about 3 parts by weight of a

free radical initiator; and

(d) about 72 to about 95 parts by weight of

finely divided silver particles.

Another aspect of the present invention is
directed to an electrical component surface mounted
onto a substrate by the above-noted conductive
adhesive composition.

As stated above, the uncured conductive adhesive
composition employed in the process of the present
invention has four critical components: at least
one selected binder resin; at least one acrylic
monomer; at least one free radical initiator; and
finely divided silver particles.

The first critical component of the present
invention is a binder resin selected from the group
consisting of and acrylated urethane resin, an
acrylic resin, and mixtures thereof. The preferréd“
acrylated urethane resin is Echo Resin ALU-350
acrylated aliphatic urethane oligomer available from
Echo Resins and Laboratory of Versailies, MO. The
preferred acrylic resin is ACRYLOID B-72 acrylic

resin available from Rohm & Haas of Philadeliphia,
PA.



menoner; at |east one free radical initiator; and finely divided silver
particles. The first critical conponent of the present invention is a
bi:snder resin selected fromthe group consisting of and acryl ated uret hane
resin, an acrylic resin, and m xtures thereof. The preferred acryl ated
urethane resin is Echo Resin ALU 350 @éfylated aliphatic urethane oligomer
avail able from Echo Resins and Laboratory of Versailles, MO The preferred
acrylic resin is ACRYLOD B-72 acrylic resin available from Rohm & Haas of
Phi | adel phi a, PA. -3- The preferred anount of the binder resin is about

2 to about 12 pargie yrdedGhla i dndliee 4 Al E BERESE VELSPRPOSI tions. The

second critical conponent of the present invention isS an acrylate nononer.
General Iy, aPb§Phté Fonghont dre PREds By mededdsdad WliecFUFaH& i ntroduce
I oni ¢ i npuri adbesiiveo compoadndeeyss. Furt hernore, acryl ate nononers

gener al | v* pol yeriite SULGKhYCAIMiLe DELISHER,  9cPERUUEEBoipre 1 exi bl e

cured adhesi ve conpositlon €sS Streéss on an €l ectrical

conponent at RYRB&iCe 45 jasx jasiry laties manamersu| tGesleraddnyyl at e mononer s

i ncl :Jde et h}ﬂrlc%fafthéchwnlﬂt&rsetafﬁé R Y WrdsdB RHidcad aige et hyl
acryl ate, bu&%tro %é@”fégﬁéaimpurities into the mononers.

Furthermore, acrylate monomers generally polymerize
quickly and are believed to produce a more flexible
cured adhesive composition which leads to less
stress on an electrical component attached to a
flexible substrate. Suitable acrylate monomers
include methyl methacrylate, ethyl methacrylate,
methyl acrylate, ethyl acrylate, butyl methacrylate,
cyclohexyl methacrylate, hexyl methacrylate,
2-ethylhexyl acrylate, lauryl acrylate, methacrylate
acid, acrylic acid glycidyl methacrylate, isobornoyl
methacrylate, ethylene glycol, higher glycol
acrylates, and methacrylate and hexamethylene
diacrylate. Diacrylates are the preferred acrylate
monomers. The most preferred acrylate monomers are
1,6~hexanediol diacrylate and tripropylene glycol
diacrylate.

The preferred amount of acrylate monomer is from
about 3 to about 13 parts by weight of the curable
adhesive composition.

The third critical component of the curable “
conductive adhesive system is a free radical
initiator. Free radical initiators (or free radical
generators) are well known to those skilled in the
art and are described, for example, in "Free Radical
in Solution, C. Welling, J. Wiley & Sons, New York,
1957 and in "The Chemistry of Organic Film Foamers"
b. H. Solomon, J. Wiley & Sons, New York, 1967. The



cyel ohexyl "net hacryl ate, hexyl methacrylate, 2-ethyl hexyl acrylate, |auryl
acrylate, nethacrylate acid, acrylic acid glycidyl nethacryl ate, isobornoyl
met hacryl ate, ethylene glycol, higher glycol acrylates, and nethacryl ate
and hexanet hyl ene di acrylate. Di acryla%gg are the preferred acrylate
nononers. The nost preferred acryl ate noners are 1, 6- hexanedi ol
diacrylate and tripropyl ene glycol diacrylate. The preferred anount of
acrylate nmononmer is fromabout 3 to about 13 parts by weight of the curable
adhesi ve conposition. The third critical conponent of the curable

conductive adhpspd-restiEldses dff §dadifflcd N in A Ditors egrd adi cal
initiators (or free radicalwggner HéQ are wel know@éto tQ@ge gﬁilled I n
the art and ar¥F G iBEPL*¥ seﬁ(g#r& \CORPEPHRERadi cil B 'sot Ut on, C.
Vel ling, J. Wiime &aStirsgl Nowi tiatiors 367 dantbutyl Therl@radatey of Organic
FiIn1Foaner§'ﬂqlea(gxg&ggthéEoQgﬂeagé&éﬁthnQPWQQ@rk, 1967. The -4-

|

preferred classes of free radical “initiators are organi c peroxi des and

hydr oper oxi de<? STHELRREE} T2 THER (3R REI NeXaRoR} PR XY ¢ - pTR§I
perbenzoate; Ifdedlitddiedy| iwet Dator Ci€ | @hex abé; pélgmerize the

2,5-dimethyl -2, 5- bj'rs‘(éez-etrrl\gxlnggxgrrxlgyllre lerr\o&/i.omérpse. free radical initiator
Is used to poI‘V“f@F 3" the 9

The most preferred free radical initiator is
2,5~-dimethyl-2,5-bis(2-ethylhexanoyl peroxy). This
is available as USP-245 from Argus, Division of
Witco Corporation of Marshall, TX.

The preferred amount of free radical initiator
is from about 0.1 to about 1 part by weight in the
curable adhesive composition. '

The fourth critical component is finely divided
silver particles. The silver particles must be in a
finely divided form suitable for intimate blending
with the binder resin and the acrylate monomer.

The preferred finely divided silver éarticles
preferably have an average particle diameter under
50 microns. Silver flakes, especially those
cohtaining low amounts of impurities (e.g., less
than 100 ppm of Cl, Na*, K*, and NH*!) are especially
preferred because of their electroconductivity
advantages. éuch preferred high purity silver
flakes are those commercially available from Metz
Metallurgical Corporation of South Plainfield, NJ; *.
Handy & Harmon Inc. of Fairfield, CT; and Chemet
Corporation of Attleboro, MA.

Any silver flake commonly employed as conductive
fillers may be suitable for the present adhesive
composition. The preferred silver flake used will
depend upon the particular binder resin and acrylate

monomer employed as well as the specific application



acryl ate nononer and resin oligoners. The nost preferred free radical
initiator is 2,5-dinmethyl-2,5-bis(2-ethyl hexanoyl peroxy). This is

avail abl e as USP-245 from Argus, Division of Wtco Corporation of Mrshall,
TX. The preferred amount of free radical initiator is fromabout 0.1 to
about 1 part by weight in the curable ddhesi ve conposition. The fourth
critical conponent is finely divided silver particles. The silver particles
must be in a finely divided formsuitable for intimate blending with the

bi nder resin and the acryl ate nononer. The preferred finely divided silver

particles preferahlivnhaye AurAENILHRYddid it ¢e mm 50 m crons.
Silver flakes, especially those containi ng | ow anou Sdgb ﬁfsé’ ities (e.qg.
a

| ess than 108hgpiesm ['ec'r’fl]"eéreflé’éi?em“kﬁquﬁ et’5ne| r
el ect r ocondugihiosiel pradoatitrages . shageh ipr eflerkesd dv gie@nmlq#@b)ﬂer fl akes

are those to V. | W GGl £ REQOr at i on of
Sout h Pl ai nf %&Hlﬂg )%—]fgecgj ﬁplﬁén%%qdﬁ o:‘@% rs?!ll%]td f CT: and Chenet
Cor por at i on @WB&Q%%%&NQ?VQW§ SR aGe \ared | ok ARRIAHHIEEHY| oyed as

conductive fid |lgrs. mamdreesdtygrneahar oivee poesent vedhbsi pardduypositi on.
fesi b and aorYTeRS Hohuert LAET o, P et hEY | LS (9 SYERi44C appl i cat 1 on
particle size of about 0.1 to about 10 microns.

The preferred amount of finely divided silver
particles is about 75 to about 88 parts by weight
added into the curable adhesive composition.

The curable adhesive composition of the present
invention may preferably also contain other minor
ingredients. Such optional ingredients include
other cpnductive fillers, solvents, and rheology
modifiers.

Other optional conductive fillers include other
metal powders and flakes, graphite and carbon black.
If used, such other fillers may be preferably
employed in amounts from 0.05 to 20 parts by weight
in the total curable adhesive composition.

Optional solvents include nonhydrocarbon polar
organic solvents such as carbitol, carbitol acetate,
butyl carbitol, butyl carbitol acetate,
butyrolactone, acetone, methylethyl ketone,
cyclohexanone, dibasic ester solvent, diglyme, and
high boiling alcohols and alcohol esters. Various *.
combinations of these and other solvents are
formulated to obtain the desired viscosity and
volatility requirements for each application. For
screen printing applications, the solvent or
solvents chosen should preferably have a boiling
point from about 150°C to 240°C. The preferred

optional solvent is butyrolactone.



-5- for, which the adhesive conmposition will be used. The term "sil ver

fl ake" nmeans herein a silver powder whose predom nant shape is flakes as
determ ned by scanning el ectron m croscopy. Such silver flakes typically
have a surface area of approximately 0.8-1.40 neters2/gram and over 99% by
wei ght purity. These silver flakes genéﬁﬁle have an average particle size
of about 0.1 to about 10 m crons. The preferred amount of finely divided
silver particles is about 75 to about 88 parts by weight added into the
cur abl e adhesi ve conposition. The curabl e adhesive conposition of the

present invention gay Q%ff%%%gﬁoﬂ%tc%'}t _@'dl\%it,.{ylerismmm IJRdi ents. Such

optional ingredients inclu [ conductive ers, solvents, and
rheol ogy nodi f2@r40 PrREF byt Yehahtconaskt PrRLerpPLYsEFAR 8HBYEt her net al
powders and flakess pgappb|tadasd ¢£atbobhbl aakablé HaRdsisech other fillers

may be preferably e ed in amounts fromO0.05 to 20 parts by weight in
the total curaﬁ?épggggg¥9é conposition. QOptional solvents include

nonhydr ocar bon pol &ptday@di ahasihaar godidhiers cirpiuds oxgamRibiliget ate
butyi car bi t ol ¢) ByLYhn@3RPiEepnasELALE1 1BHL YT A prbgagreacet one, methyl et hyl
ket one, cycl ohexanone, dibasic egter solvent diglyne, g hi q boi |'i ng
al cohol s and aPEEﬁBPPb§9é95919¥rFﬁu?EHEHHFn§P|GnngPnPRgg i&n% B¥her
solvents are rheological additive available from NL Chemicals of
Hightstown, NJ. A preferred hydrophobic silica is
AEROSIL R202 hydrophobic silica available from
DeGussa Corporation of Teterboro, NJ.
The components of the present conductive
adhesive may be mixed together by any conventional
means. Preferably, it is desirable to first mix the
binder resin, acrylic monomer, and free radical
initiator together in conventional mixing apparatus.
Optional solvents and optional rheology modifiers
and the like may also be mixed in at that time. The
silver flake may then be mixed in by any
conventional means. The mixture (before or afper
the ‘addition of the silver flake) may be preferably
placed in a three-~roll mill or another suitable
milling machine to obtain a fineness of grind of the
composition of under about 30 microns. The uncured
conductive adhesive composition preferably has a
viscosity from about 10,000 to about 700,000
centiposes at 25°C and a surface resistivity of less
than about 1 ohm-cm.
The adhesive compositions of this invention may
be applied to substrates by a variety of techniques,
such as screen printing, dot transferring, brushing,
or syringe dispensing. Once the conductive adhesive
composition has been applied to either the substrate

or the electrical component or both, an electrical



fornmul ated'to obtain the desired viscosity and volatility requirenents for
each application. For screen printing applications, the solvent or solvents
chosen shoul d preferably have E boi l'ing point from about 150[err]C to
240[err]C.  The preferred optional solvent is butyrolactone. -6- The
preferred amount of solvent is fron1about 20-40 parts by wei ght, nost
preferably from about 25-35 parts, added into the curabl e adhesive
conposition. Optional rheology nodifiers include organophilic clays and
hydr ophobic silica. A preferred organophilic clay is BENTONE SD- 2

or ganophi |l i ¢ clcayrponesitogingha | thed divkiste-ahenidab | Ehdnr ararladdisdni cal s of

H ghtstown, NJ4 d%eq{,@‘lerr%ﬁydr@@%r{a@é#‘;@ d(ﬁlé%EiRQ_SId_f RAQZs diwdr ophobi ¢

silica avallable from DeGussa ‘Cor poration of Teterboyo, The conponents
of the present ‘ofthi&@d \%‘%MW%W%%%&%%%rltbf%f e
conventional meanstidtef aalygvdted S algsdifahired e rat nimxet he bi nder

resin, acrylic nd r adi |n|t4ator gﬁgg nventi ona
m Xi ng appar at us. '(%tlérnh% €grn esdjan'#lnrﬁ onal® (I:*léo ogy m) ]&g‘rs and the
like may al so Ueé m&e‘demnamtum firore abigt s10Q¢ o a«*eowﬁy?-@%‘éfh be mi xed
in by any conveiiy oidut i Sseddifad &d WE hDRIOLS, OraRft er

conventional conductive adhesive curing means and
apparatus may be used.

The conductive adhesive compositions of the
present invention may be applied to conventional’
rigid or flexible substrates. Whether the substrate
is flexible or rigid in nature, the substrate may or
may not have to be pretreated or precoated with any
other substance before applying the present curable
adhesive compositions.

The conductive compositions of the present
invention are flexible and as such, they may be-
applied to a flexible substrate such as, for
example, polyester films. Examples of flexible
substrates that may be coated with the conductive
compositions of the present invention are polyester
substrates such as those made by E.I. DuPont de
Nemours Co. and sold under the trademark MYLAR®. Of
course, other materials such as polycarbonate f£ilm
or polyvinyl fluoride (PVF) film may be used as a
substrate. t

The term "flexible" as presently employed in
this specification and claims is used to mean when
the composition of the present invention may be
subjected to deformative forces (e.g., twisting or
bending) and will not release from the substrate or
crack or break. The composition, in its deformed

state, will function as well as the composition in



the addition of the silver flake) may be preferably placed in a three-rol
mll or another suitable mlling nachine to obtain a fineness of grind of

t he conposition of under about 30 mcrons. The uncured conductive adhesive
conposition preferably has a viscosity from about 10,000 to about 700, 000
centiposes at 25[err]C and a surface registivity of |ess than about 1
ohmcm The adhesive conpositions of this invention nay be applied to
substrates by a variety of techniques, such as screen printing, dot
transferring, brushing, or syringe dispensing. Once the conductive adhesive
conposition has been applied to either the substrate or the electrical
conponent or bbshundaferwet statte. The m@#ﬁoﬁ@ﬂpr&nGOFWe°§ubstrate are

then contact edetagahgbn NoXlia met%ogqlecfal e cRdlkesihvenef present is dried

and thermally cured gﬁ expo%ggg it and the suhstrate to eI ated

t enper at ur es GREPEF LA PE -1 | arsemed ished, py %onventi on

oven, is at te&geeatamg&efm@aﬁahﬁumhﬂmadmpddlﬂnbﬁﬂumﬂ éﬁhﬁﬁiéﬁu about 30

seconds to 60, QI ti o C ctiy V. ri ng nmeans
991 %%m%h% LA NG gfike Uyt ive ddh ngﬁ!s et

and appar at us nay e use ¢ ‘conductive adhesive co Itions of the
present i nvendnyentdpnaiddpfunstierc saldntursieg thig Fandition ol e

substrates. VWigt hgle dmpdAi'H @racks or breaks as the result of

being distorted, the composition would not be
considered flexible; cracks in the composition cause
a severe decrease 'in conductivity and other
electrical and mechanical properties.

The preferred substrates are those from which
membrane touch switches are made. Phenolic paper
PWB’s are examples of rigid substrates.

The present invention is further described in
detail by the following Examples. All parts and
percentages are by weight and all temperatures are

degrees Celsius, unless explicitly stated otherwise.

Example 1

The following components were mixed together in
a Cowles mixer for 5 minutes. That mixture was then

passed once through a Niescht 3-roll mill.

Component Parts per Hundred .

) By Weight )
Acrylated urethane resiAD 72.67
1, 6-Hexanediol diacrylaté@ 23.25
Peroxide free~radical initiatdr(D 1.45
Rheoloqy’modifierC) 1.88
Crystalline silicac) . 0.73

99.98



is.flexible or rigid in nature, the substrate may or nmay not have to be
pretreated or precoated with any ot her substance before applying the
present curabl e adhesive conpositions. The conductive conpositions of the
present invention are flexible and as such, they may be applied to a
flexi bl e substrate such as, for exanpleg-polyester filns. Exanples of
flexi ble substrates that may be coated with the conductive conpositions of
the present invention are pol yester substrates such as those nade by E.|I
DuPont de Nenours Co. and sold under the trademark MYLAR[err]. O course,

ot her materi such as pol ycarbonate film or po(l%%vi nyl fluoride (PVF) film
may be used a substB® Regig 2din35q gy kateds pree®ls enpl oyed in

this specification angyd@didie idl i 1 O deangddrein the-cpnposi tion of the

present invention may be suhjected tq deformajive forces (e.g., tw sting or
bendi ng) and will not 3@ g A% RehQ Res R %r?‘?crr%#%?gﬂe% . The

conposition, in its defexrseidllsdsateqom || function as well as the

conposi tion i(@) its ]prgj_q;é)){#g&iséft[gﬁggﬁlgp%%I([z&yrrlgﬂe {0km gt def or mati on

woul d be to put a crease in e conpo be ‘acconpli shed by a
180 degree angl e fol d @ftenaienemesi (G5 £AL384ds3?atk availeRlsl e
conposi tion like thosesabntffadiesefbecialties, Inc. of

Louisville, KY.

() UsP-245 2,5-dimethyl-2,5-bis(2-ethyl
hexanoyl peroxy) hexane peroxide-type free
radical initiator (CAS #13052-09-0)
available from Argus Division of Witco Corp.
of Marshall, TX.

() BENTONE SD-2 Organophilic clay rheological
additive available from NL Chemicals of
Hightstown, NJ.

() AEROSIL R202 hydrophobic silica (CAS
#67762-90-7) available from DeGussa Corp. of
Teterboro, NJ.84 Grams of silver flaké:)was
added to 16 grams of the above milled
mixture. The resulting adhesive system was
formed by mixing those ingredients in a
Cowles mixer for 2 more minutes. The
viscosity and electrical characteristics of
this silver-based adhesive system were

measured to be as followed:

ta

Viscosity: 676,000 cps

(Brookfield Cp51, 0.5 rpm 25°C)

Electrical Resistivitycl 0.06 ohm-cm
(D Silver flake No. 82 available from DeGussa

Corp. of South Plainfield, HNJ.



i nvention wll function well under this condition. If the conposition
cracks or breaks as the result of being distorted, the conposition would
not be considered flexible; cracks in the conposition cause a severe
decrease in conductivity and other electrical and nechanical properties.
The preferred substrates are those framgthi ch nenbrane touch switches are
made. Phenolic paper PWB's are exanples of rigid substrates. The present
invention is further described in detail by the follow ng Exanples. All
parts and percentages are by weight and all tenperatures are degrees

Cel si us, ;ZEi explicitly stated otherw se. Exanple 1 The follow ng
conmponent s nixedﬁlgynﬂﬂnalrreﬁiﬁndwityﬁwaﬁ defrerfuimeditless. That

m xture was then passed.QnGe, tdW.augt FsdQldedltdo CPEROHENt
Parts per Hundred By \?%l ht Acry‘ﬁg th ure aneeresﬂl eerr °
72.67 1, 6- Hexanedi ol %H%u%ﬂ&ﬁ?ﬁlmatelY 0.25 %HFQEFF%Q%&Fd%t a

free-radi cal initiatorieﬁ{qdn of 2 indhdS. RAd agyrenskiedi] €rvas
1.88 Crystalline sil

calertl. . - 0.73 99.98 -9- Echo
Resin ALU 350 acryl at e]?rhl%lé}p%a‘[‘}‘&utes'

A small pattern of this silver-based adhesive
system was stencil printed onto a 1 square inch
pattern of a vinyl-based silver polymer thick film
(725A PTF available from 0lin Hunt Conductive
Materials of Ontario, CA) which was previously
printed and cured on a ICI Melinex 505 polyester
film. A small chip capacitor was placed on the
adhesive and then entire assembly was cured for
130°C for 6 minutes. The shear adhesive strengths
on three samples were determined to be 1.3, 1.6, and
2.2 kilograms using an Anza Die Shear Tester (Model
560). No discoloration of the cured underlying 725A
PTF material was observed. When flexed at a 90°
angle, the adhesive showed no cracking and no loss
in bond strength.

Example 2

The following components were mixed together

with a Cowles mixer for 5 minutes. That mixture was

then milled in a 3-~roll mill in one pass.

Parts per Hundred

Component By Weight .
Silver Flakéc) 83.0
Tripropylene glycol

diacrylatéa 9.9
Acrylic resi 6.6
Peroxide free-radical initiatoéa 0.5

100.00



ur et hane oli goner (CAS #82339-25-1) available from Echo Resi ns and
Laboratory of Versailles, MO 1, 6-Hexanediol D acrylate (HDODA) acryl ate
ester nmononer (CAS #013048-33-4) avail able from Radcure Specialties, Inc.

of Louisville, KY. USP-245 2,5-di nethyl -2, 5-bi s(2-ethyl hexanoyl peroxy)
hexane peroxide-type free radical initi aldr (CAS #13052-09-0) avail abl e
fromArgus Division of Wtco Corp. of Marshall, TX. BENTONE SD- 2
Organophilic clay rheol ogi cal additive avail abl e from NL Chermicals of

H ghtstown, NJ. AERCSIL R202 hydr ophobic silica (CAS #67762-90-7) avail abl e

from DeCussa . of Tgher l} I}L1a§$(4 Ci“'(%] N%f s,|44\6er fgﬂke[err] was added
e

to 16 grans of the above n1||e XTUr e res uItlng adiiesi ve system was
formed by m xing those aNgrlé@lbélﬂ Sriom PeGusisas geinper dfoSaatdpr e ni nut es.
The viscosity and el ect pygdhrGRaachgr,i stics of this silver-based adhesive
system wer & ne red to b as f

676, 000 cps (B okfiel dX %glomed V‘SCOSIt%gkﬁﬁqugﬁs §5§|St|V|ty[err]
0.06 ohmcm Sil ver fIakad&]84KB4ﬂyndvﬂﬂkhﬁlénﬁﬂhﬁﬂﬂaﬁtdﬁnn)oﬁﬁ Sout h
Plainfield , N Exton, PA.
(:) Acryloid B-72 acrylic resin (CAS No.
proprietary) available from Rohm & Haas of
Philadelphia, PA.
@ USP-245 2,5-dimethyl-2 5-bis(2-ethy1
hexanoyl peroxy) hexance peroxide-type
free-radical initiator (CAS No. 13052-09-0)
available from Argus, Division of Witco
Corp. of Marshall, TX. '

The viscosity and electrical resistance
characteristics of this silver-based adhesive system

were measured to be as follows:

Viscosity: 315,000 cps
(Brookfield CP51. 0.5 rpm 25°C)
Electrical Resistivitysz 0.00068 ohms-cm

(:) Electrical resistivity was determined by
drawing down the adhesive between two pieces
of tape approximately 0.15 inches apart at a
length of 2 inches. The cure schedule waé“G
minutes at 130°cC.

A small pattern of this silver-based
adhesive system was stencil printed onto a 1 square
inch pattern of vinyl-based silver polymer thick
film (72524 PTF available from Olin Hunt Conductor



-10- Electrical resistivity was determ ned by drawi ng down the adhesive
between two pieces of tape approximately 0.25 inches apart at a |length of 2
i nches. The cure schedule was 130[err]C/5 mnutes. A small pattern of this
sil ver-based adhesive systemwas stencil printed onto a 1 square inch
pattern of a vinyl-based silver polyner-thick film (725A PTF available from
Ain Hunt Conductive Materials of Ontario, CA) which was previously printed
and cured on a ICl Melinex 505 polyester film A small chip capacitor was

pl aced on the adhesive and then entire assenbly was cured for 1300C for 6

m nut es. The shear adhesive,strengths on three sanples were_ determned to

be 1.3, 1.6, arlipteBlals 9f RBLAEIRg GA) AMDLCR) WaSHRERVIRUBLY (Mbdel 560).
No di scol orati opwr bhitéddeandr edrdadenl polgegf6A PiEmuat Briab wgsapbkserved.

Unen Thesed ot POUERLLoRE Por e SIETbIECIONRCcA Sancbing gl 1o | oo
with a Cow es n¥her ¢ured fprubeminuthsgt aki xBAPE.-wa¥hehehear|led in a
3-roll mll.-in gaReRPoa sPREhGtRS! ohURIvEIsSRPRRBeHbre determined
By Vei ght to be 4.4, 4.3, 5.8, 6.1, and 5.0 kilograms using an
Anza Die Shear Tester (Model 560).  Five additional
samples prepared as above were placed in 100°F water
for 6 hours and then placed in a humidity chamber
for 16 hours at 65°C and 65% relative humidity. The
shear adhesive strengths of these five additional ’
samples were determined to be 3.7, 4.0, 5.9, 5.8,
and 5.0 kilograms. The average shear strength for
the five samples not subjected to the humidity
testing was 5.1. The average shear strength for the
five different samples subjected to the humidity
testing was 4.9. These average values indicate that
this surface mount adhesive composition does not
seriously degrade when subject to extreme humidity
and heat exposure.
While the invention has been described above
with reference to specific embodiments thereof, it
is apparent that many changes, modifications, and
variations can be made without departing from the
inventive concept disclosed herein. Accordingly, it
is intended to embrace all such changes, .
modifications, and variations that fall within the‘

spirit and broad scope of the appended claims.



Sil ver .Fl ake[ err] 83.0 Tripropyl ene glycol

diacrylate[err] 9.9 Acrylic resir[err]

6.6 Peroxide free-radical initiatot[err] 0.5 100. 00 [err]

82 Silver flake (CAS No. 7440-22-4) available from DeGussa Corp. of South
Plainfield, NJ. [err] Tri propyl edé—gl ycol diacrylate (CAS No.
42978-66-5) available from Sartoner of Exton, PA [err] Acryloid
B-72 acrylic resin (CAS No. proprietary) available from Rohm & Haas of

Phi | adel phia, PA. [err] USP- 245 2, 5-di net hyl - 2, 5- bi s(2-et hyl .
hexanoyl perowgq.pg%\%@fﬁégxige-type free-radical initiator (CAS No.
13052-09-0) a . Division of Wtco Corp. of Marshall, TX

The viscosity and el ectrical resistance characteristics of this -
silver-based adhesijye i@y GdBAS Hoddct iR adtedivans: Viscosity:

315, 000 cﬁé'(Brookfigégﬁgggﬁaﬁgggsﬁg?%gf%ggr]C) El ectri cal

Resistivity[er??mpos Electrical resistivity was
determ ned by - (a) about 2 to about 15 parts by weight of a

s binder resin selected from the group cohsisting
of acrylated urethane resin, acrylic resin, and
mixtures thereof; _

(b) about 2 to about 15 parts by weight of an
acrylate monomer; '

(c) about 0.01 to about 3 parts by weight of a
free radical initiator; and

(d) about 72 to about 95 parts by weight of
finely divided silver particles.

2. The conductive adhesive of Claim 1
characterized by further comprising (e) about 0.1 to
about 10 parts by weight of a rheological modifier.

3. The conductive adhesive of Claim 1
characterized in that said binder resin is an

acrylic resin.

. 4. The conductive adhesive of Claim 1
characterized in that said binder resin is acrylated
urethane resin. .

e,
5. The conductive adhesive of Claim 1
characterized in that said acrylate monomer is a
diacrylate monomer.

* [4 L M S *



drawi ng- down t he adhesi ve between two' pi eces of tape approximately 0.15
inches apart at a length o6f 2 inches. The-cure schedul e was 6 minutes at
[err] A smal| pattern of this silver-based adhesive system was stenci

pri nt ed onto a 1 square inch pattern of vinyl-based silver polyner thick
film(725A PTF available from din Huml4Gonduct or -12-- Materials of
Ontario, CA) which was previously printed and cured on polyester film A
100 square m | semniconductor die was placed on the adhesive and then cured
for 6 mnutes at 130[err]C. The shear adheswe strengths on five sanples
were determ ned to be 4. Q9&.ans usi ng an Anza

Di e Shear Tester (%dé’r‘h%@ng‘l‘—?%v%o%‘?lﬁé%ﬁ grﬁ)ﬁ%% pt epared as above
vere placed i ehagdcterlizestior that. Galiduds ammy Lisfen Nsinemar 4% a huni dity

chanber for 1@zjag)go§fﬁ{eﬁ‘@5w&q ?}%@Q@%@ JAative humidity. The shear

adhesi ve atren ive ronal Sarrpl es were determned to be
3.7, 4.0, 5.9, 5.8, and 5.0 kilograms. The average shear strength for the

fLVe sanpl es EOE SﬁbLef?Sdcbﬁd??ﬁi@H”hdhé&iﬁ&sbfnCIUQﬁ . 1. The ave&age
shear strengt or the fiv er.ent €s .S 2 ity
testing was 4S8 arﬂﬁ%’é"‘eﬁféfaﬁb V%ﬂ%&aifs‘ﬁ? ref erﬂtgja‘?c"g h&iguéﬁg&grrnount
adhesi ve corrpm,lﬂ-tdimethsl-rm,ts-bis(z-ethyl hexanoyl peroxy) and
ixtures thereof. :

o
o

8. ' The conductive adhesive of 01aim 1
_characterized in that said silver particles are
% . silver flakes having an average particle diameter
- from about 0.1 to about 10 microns. '

9. The conductiveladhesive of claim 1
characterized in that the uncured conductive
adhesive composition has a vis0051ty from about
10,000 to about 700,000 centiposes at 25°C and a
surface resistivity of less than about 1 ohm-cm.

L
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serlously degr ade when subject to extreme humidity and heat exposure. Wile
the invention has-been described above with reference to specific

enbodi ments thereof, it is apparent. that many changes, nodifications, and
vari ations can be nade wi t hout departing fromthe inventive concept

di scl osed herein. Accordingly, it is intended to enbrace all such changes,
nodi fi cations, and variations that fall within the spirit and broad scope
of the appended cl ai ns. -13- WHAT IS CLAIMED IS: 1. A surface nount
conductive adhesive conposition characterized by: (a) about 2 to about 15

parts by weight of 3§ bi ﬁ\d%rcfe%ii-@r‘i‘%lt%%@ PR it RS tsivelg Of
acryl ated urethane resin, acr resin, and m xtures thereof; (b) about 2

to about 15 pardkesd ivecrharasterhzed, B¥at e nononer:; (c) about 0.01 to about
3 parts by weight of a da)ee amslitcad tduatbcaitgrzz qmti(si)b;abmigﬁ\? oD about 95

23%23 \% Z?I %hgl %f 1f132§|r %’ﬁ.bd\r/ 3&%&’4 pﬁ%ﬁ! corrprl Sl ng% aggﬂft bvi to
about 10 pa{ts by vei gleonsfistimg @b giartlated furgthane resin,
acrylic resin, and mixtures thereof;
(b) about 3 to about 13 parts by weight of
a diacrylate monomer,
(c) ‘about 0. 1 to about 1. parts by welght of
2 5-dimethyl—2 5-bis(2—ethy1 hexanoyl
peroxy); and
(d) about 75 to about 88 parts by weight of
silver flakes having an average particle
dlameter from about 0.1 to about 10 microns;
said the uncured conductive adhesive
. composition has a viscosity from about
- 10,000 to about 700,000 centiposes at 25°C
and a surface resistivity of less than about
1 ohm-cm.

11. The conductive adhesive of Claim 14

characterized by further comprising (e) about 0.1 to
about 10 parts by weight of a rheological modifier.

'i"
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3. The. conductive adhesive of Claim1l characterized in that said binder
resin is an acrylic resin. 4. "The conductive adhesive of daim1l '
characterized in that said binder resi-n is acrylated urethane resin. 5. The
conductive adhesive of Claim1l charactenigzed in that said acryl ate nononer
I's a diacryl ate nononer. - -14- 6. The conductive adhesive of Claim5
characterized in that.said diacrylate nononmer is tripropyl ene glycol
diacrylate 7. The conductive adhesive of daim1 characterized in that
said free radical initiator is 2,5-dinethyl-2, 5-bis (2- ethz hexanoyl
peroxy) and mi xt urd.t htneeleckricad. GGNHGG?PVeSEHSE§PvE°BP efaim 1.

characteri Zfd ?ﬁtbhat stﬁﬁgéfrathvs ﬁ?.hhscbfsaasﬁrfhb\geinohhtkes havi ng an
oot Do hreendustive) aRheTidas Somporirdgh Phich HAREE Swrdac, oncuct  ve
adhesive oonpoehhractbaizedvbgcos|ty fron1about 10, 000 to about 700, 000
gﬁnmt 'Cﬁlose_s_ 220 250eqh) C gRdut 3UEbGRohE 8! pUkkY By Lalgneher about 1

o ' hinder resin’ selected ‘from'thé group consisting
1, ‘acrylic reéin, and

:;'of acrylated urethane resiil
B mixtures thereoff*di' o

'H5W€ﬁ§ﬁﬁ'bf'an

--acrylate monomer,-' R .
._(c) ‘about 0. 01 to about 3 parts by weight of a
. free radical initiator, an '; :
:(d) about 72 to about 95 parts by weight of
ffinely divided silver particles.3 ”

®y
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10. . A screen- prlntable surface nount conductlve adhesi ve characterized by.:
(a) ~about 4 to about, 12 parts by weight of a binder resin selected from
t he group consisting of acrylated urethane resin, acryk
m xtures thereof; (b) about 3 to abouty-13 parts by
nononer; (c) about .0.1 to about 1-parts by weight of
2, 5-di nmet hyl -2, 5-bi s(2-et hyl hexanoyl peroxy); and (d
88 parts by melght of silver flakes having an average particle di aneter
fromabout - 0.1 to about 10 m crons; said the uncured conductive adhesive
conposi tion has a viscosity fromabout 10,000 to about 700,000 centi poses
at 250C and a surface.resistivity of Iess than about 1 ohmcm 11. The
conducti.ve adhesi ve of  Cl ai ABEIRACH OR [NVENTTION her conprising (e)
about 0.1 to about 10- parts by’ melght of heologlcal nodi fier. - 16-
12.  An ebéctricaly W%&Mﬁ %dﬂwwéi dlﬂiébﬁvé%ﬁ@éﬂ:ibh neans of a
surface nDunt'

‘ ;_characterized_by._, o
“ﬂabout 15 parts by weight of a

0 oo
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about 2 to about 15 parts by weight of .a binder resin {gke

group consisting of acrylated urethane resin, acrylic,
(b)about 2 to about 15 parts-iby meight of a
(c) about 0.01 to about 3 parts by weight of a free r.olca 6 JWLi

t her eof ;

Iate

~(d) about 72 to about 95 parts by wi ght of finely divided silver

particles.
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ABSTRACT OF. THE INVENEION

A surface mount condﬁctive’adhesive composition

5 characterized by

(a) - about 2 to about 15 parts by weight of a -
binderzresin selected from the group consisting

- of” acr lated urethane resin, acrylic resin, and"
-fmixt‘res thereof,. ' -

‘(b)f about 2 to about 15 parts by weight of an

acrylate monomer;

(c)f about 0.01 to about 3 parts by weight of a
free radical initiator, and

_ (d)ﬁ%about 72 to about 95 parts by weight of

finely divided silver particles.

nd



