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degree when attenpting to fill through-holes with a conductor conposition
so as to keep voids fromformng therein. Becausg %y%h#&§%%§§ltates a
reduction in the anount of electrically conductlve in the binder or
the use of a large anount of aliphatic epoxy conpound, the unfortunate 20
result WALB¥AY to raise the resistance of the curedecowpuspugon or | ower
its glass transition tenperature. JP-A 5-20918 descri bes the use of a
conposition conprising an epoxy riihi%mhich is free of hydroxyl groups on
the nmolecule in conbination with i d anhydride. However, obtaining a

hydroxyl gr GGMROSITON EPRYLLINGI THREIGH-HOLESINFFRINTED \RIRING
distillation. In addition, becaug 88 resul ting epoxy resin has a high
_purity, it tends to crystallize, V\/ﬁ has a very significant and adverse
effect on the efficiency oﬂﬂeﬂl@wwerefore an object of the

present 4 nvent i dihetpregBnditvertion re%sqeﬁcbéﬁijeétoﬁéﬁmﬂ%:ﬂdn W?bﬁlh exhibits a
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conductilve guohas thesedlesciiieudia Uaparese Fatertt hNo. 603053anaf conductive powder to
bi nder i s umma@o@es@h;@emd?aegow bisiid R, comrfses: (a) an

epoxy corrpﬂ%l’,n 'S, sem So hperature and has an
average nu HFCtlS’I"a iid PR Iresin Baiag agus@galbfrattorrhmarzroc(m) a nonof unct i onal

r ﬁactl ?/e dltémbenanga@émbttrb@neﬁ@argi5/9!3@)(#a Aideposf reginhingher al COhOlt having a
chain | engty a uring agen
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wherein the QE agfr 3 1(quiihaneox I'S semsolid at
ordi nary r388° Y SRR YA eI eéeﬁna gf Sﬂfﬁ'ﬁr‘r‘ﬁéﬁissﬁﬁteﬁ@nctl onal groups
5 greater tédustion in(tbe amounhoffelentticatiy abnduetive pmedmhutemmétgﬁnt whi ch has
substantia c) a curing
agent *@“@?@%ﬁ%‘ B! el Sk RpiBsb AR A Breter 1 | hven o
The i n\? nti" tpﬂaé cga %?'i‘:’otﬁﬁu%%’%?"%fﬂ@%?@rﬁéﬁomﬁﬁihﬁmoﬁgwan electrically
conduct i velt;;)giaseltraamﬂomtmnmmwer esin binder, wherein the epoxy resin

binder base 1 SERDIR et b AR S IRRMSC LR Bl Py 00 nunber of
cori g tﬁ”ﬁ?ﬁ"ﬁ’i‘&fé@ii&ﬁ?ﬁ%‘fi@‘*%‘i@é‘&é"‘“?f’e Hogebgp 1T ator
g agebbémbination wi [
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because the resulting epoxy resin has a high purity, it tends to crystallize,
which has a very significant and adverse effect on the efficiency of
operations.
it is therefore an object of the present invention to provide a
30 cqnductor composition which exhibits a suitable viscosity for filling
through-holes without reducing the amount of electrically conductive
powder in the composition, which minimizes the drop in the glass
transition temperature, and which has a low resistance and is capable of
achieving good interlayer connections in plated and non-plated through-
35 holes.
SUMMARY OF THE INVENTION
An aspect of the invention provides a conductor composition

comprising an electrically conductive powder and a binder, wherein the -




present in a small anpbunt or a curing agent that is liquid at an ordinary
roomtenperature, and a small amount of a curinggaiansdr2088 The

t hrough- hol e conductor thick filmconposition conprises an electrically
~conductive powder and a binder, wherein the ratio of conductive powder to
binder is from95:5 to 70:30. The electrically conductive powders in a

gi ven conposition could conprise a single type of powler, m xtures

t her eof , al . Q ever ) nt,s.25.o0r conbi nati ons
or m xtur es'l-a%%{he g?@{eenr?e%%té})gohge]@&erégﬁ%?@g’sﬂ&ﬂs@g%nd E’Sﬁﬁgf s include: gold,
si | ver, copipebinder ctrapriseal (@raneppxyptamtpaundithat ixaddnaiskhlidrt ondimarpdenum
tungsten, t in,. Lndj adol i,ni u boron, ruthenium
cobalt,-tiHgﬁﬁﬂ%FE%F%w?EH?%g%?géyéﬁg&ggﬁﬁgtﬂvgmgﬁPWdy?u inc, silicon
magnesi um ¢eaienthanck (b)wmosdfumtiv halmrpadtivadiiutimgtagentyeing@@yddyiduct i ve car bon,
and conbi nat,j t r 0 LN, th art, of thick film
conpositioﬂéétb8 éﬂﬁﬁggngﬁ@ﬂ58@§%%%mﬁbgﬁﬁﬂﬁﬁéﬂﬁ@géﬁ‘?@%the nunber of

- functional gowepandfceacerng dgemt.2 whi ch may be used in the invention

- .i'ncl ude conpounds: ining epi.chlorohydrin wth the 35
condensat i on pr§§ﬁ§§5%§“€§$n§¥ﬁ§@§ﬂgﬁgﬁggggaﬁ?n "% Hol ak, cresol

novol ak) wieléctficallprebobiviidepardatiacy @l pdsn wikreindhe eatid ofonpounds  prepared by

~conbi ni ng such a condensation product with a bisphenol-type epoxy resin, a

pol yfuncti onal epoxy conpound such as 2 28 Septenber 2005 WD 02/ 080197

- PCT/ US02/ 09118 tri hydroxytri phenyl net hane triglycidyl ether, or a

gl yci dyl am ne-type epoxy conpound. The epoxy resin is preferably

sem -solid at an ordinary room tenperature. The nonofunctional reactive

diluting agent used in the invention 5 may be the glycidyl ether of a

hi gher al cohol or a conpound prepared from an al kyl phenol (e.g.,

nonyl phenol ) and epi chl orohydrin. A reactive diluting agent having a vapor

pressure of not nore than 0.5 mHg is preferred. A reactive diluting agent

Wi th a vapor pressure greater than 0.5 nmmHg tends to volatilize easily,

whi ch may cause the viscosity of the conposition to 10 increase during

printing or storage. The ratio of the sem solid epoxy conpound having an

average number of functional groups greater than 2 to the nonofunctional

reactive diluting agent is preferably from90:10 to 50:50. An epoxy resin

ratio -greater than 90% may result in a loss of the diluting agent

effects, thereby 15 lowering the viscosity of the conposition. On the other

hand, a reactive diluting agent ratio in excess of 50% may nmake it

i npossi ble to achieve a three-dinmensional matrix. during curing.
II'lustrative exanples of cationic polynerization initiators that may be

used in the invention include tertiary am nes, imdazoles, Lews acid 20

salts (BF3-anm ne conpl exes), and Bronsted acid salts (aromatic sul fonium

salts, aromatic diazoniumsalts). Lewis acid salts are preferred because

'_;they di ssolve in epoxy resins and exhibit |latency. The rel ative proportions

in which the epoxy resin base (which includes the reactive diluting agent)
and the cationic polynerization 25 initiator are used in the invention nmay
be selected froma range of 99:1 to 90:10. At less than 1 %of initiator,

the curing reaction tends to be difficult '
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to trigger. On the other hand, nore than 10%of initiator may cause the
curing reaction to occur |nstantaneously whi ch Jamseplp@fbr bRosindesi rabl e
results such as void fornmati on when the conduct or conp05|t|on is filled 30
i nt.o through-holes and cured. Illustrative exanples of liquid acid

anhydri ¢@ @ugi#g agents that may be used in the inveptienbig! ude
di carboxyli c anhydrides and derivatives thereof, such as hexahydrophthalic

anhydride, nethyl hexahydrophthalic anhydride and met hyl
t et rahydr opmmpﬂ‘te Ravded fa biaderds fromeds: § b (36, antl vi®rgioltyebinbercy| i
anhydri des, c@rﬂﬁd’be@s trimellitic anhydride triglyceride. Wien an acid

anhydri de is e yed as the curi agent., curing catalyst such as a
tertiary am nenrl }na'é?B?’@fi?f"Pé’HM@%é ﬁ?‘%rﬁiﬁr ?%Mr%%mused. The 3 28

Sept enber 2005 WO OAie@dtore drdHASSOEV@edgethunsieer of fumitiawdl geoupenpound s
preferabée fromthe r%%@?q{h‘?l' t of storage stability. The anount of acid
anhydride curin nt used |n the .invention may be selected froma range
of 0.7 to 1.3 egm vaIMahe %‘éﬁ'o'@ﬂ)wtwww'ﬂ@)ﬁ%m"ﬁ“‘émﬁﬁp in the epoxy resin
base. An anount of amSchrmalrwmbvdﬁlimtIMng@eaémqgmpé@mr@f this range may

result in poor ri t of curing catalyst nmay be selected froma
range of 1 to g& a?tg[simrI er e%g%lﬁgarts of the m xture of the epoxy resin base

and the curing (@)ge@nfiunﬂﬁcﬂt@ﬁ than 1 part of curing catal yst, the epoxy

resin bgge and the BERAIEDDESERPTION GRTHEIRVERFRIN Whereas nore than 5
parts may incre i ON VI SCOS result in a poor storage

“the conposition,Vviscoslty,and res
stability. The ii'ﬁd'h"cﬁnﬁ?" B%R@S%Pﬁﬂaﬂu%‘?fW%F*@géﬂmprlﬁosﬁﬂ. on is typically
manuf act ur egledsically wondimtive pdwednandgnnepany résin binderowherelothe mi 11) to forma

ereen pri iy éﬂbﬂﬂﬂeﬂ&ﬁ??‘é RS20 o i BB AN P2 (of ned as a
viscosity ri¥& fugctionataroyps, prpater a2 wéémmyméamlr enent at 10
r pm andi®25Ceactiveglildtidylagant asiihe easdntisl constiluentsd THatiRvantiBe ookf i el d

ot o 11111 18 eaaRind el 3 dadothat Y SebBe b PrlOBIS, “or Che via 111

The 20 fil IRQ{V"WTE@UW mﬁlatqq@ana&ejpﬁnagermsa euring reactiopckven wient o be easily
pol i shed fmbém b.mamanianmlorraloa&h@ggéﬁlm ;s';lﬁmhd ﬁﬁar?&rd% of the filled

vias so th rical_parts irec on such plated top of |
the fill eda}é?'gg '%5%?5&%@@ ' P&HE"QB"?‘al{Vﬁ% conposi tions found in
- the exadtpl es ana'heéyougigholesomthmtmttfscloﬂmd:mn;msrtpo&:otnpuaesame summari zed in
‘Tabl e 1. Eé%ﬂ?ﬁc%u*]cc'fm&n@é é?%nhfaq{ r%e?e {dﬁoﬁfd bl ended and

di spersed i ngglu ree-ro or conposition having a

i el di ng
viscosity, &/ %ﬁ?ﬁwgﬁ’tﬁtb"‘yﬁb's\[}/%gé%?ggl@pr dh ae«ﬁc&r@@%t er, of 40 Pa-s: 10
“parts of 3@opthentivé pepdary imagivea kofPEdES could aetipRsk @}émﬁt@ar@w Cheni cal Co.;

Vi scosity @@é%ﬁ&ﬁg&bm é@sgﬁér&% SompRIRE Sy SRRl 9 )VC' e
part of? b&¥ 6pmbinat Iwnfcﬁfur@étuasrgfﬁmfﬁaewﬂpn@de Exemnplepef suchof spheri cal
silver powgewdeRandlide; @alday%ag;gpp@r ;,pcﬁélea@nﬁﬁmpfpdmgm and 42.5 parts of

Lot o cBsHEh, AN BEAA AR Befod B ahaR by ~* ' 2% P T
_ gadolinium, boron, ruthenium, cobalt, titanium, yttrium, europium, gallium,
suifur, zing, silicon, magnesium, barium, cerium, strontium, lead, antimony,
30  conductive carbon, and combinations thereof and others common in the
art of thick film compositions. '

Examples of the epoxy resin having an average number of
functional groups greater than 2 which may be used in the invention
include compounds prepared by combining epichlorohydrin with the

35 condensation product of an alkylphenol (e.g., phenol novolak, cresol
novolak) with formaldehyde or dicyclopentadiene, and compounds
prepared by combining such a condensation product with a bisphenol-type
epoxy resin, a polyfunctional epoxy compound such as




t hi ckness of 40 pmwith a printer, then cured at 160C for 1 hour, after
which the resistivity was measured. The vol ume rgeptdnfhdrpongs 1.4x10-4 4
28 Septenber 2005 WO 021080197 PCT/ US02/09118 0 cm The glass transition
poi nt .of the cured product obtained by curing under the sane conditions
was 11980 dheniger cent wei ght | oss on curing was 0. 2pefusdesiigonduct or
conposition was-filled into 0.3 nmdianeter 5 through-holes in a 1 mmthick
FR-4 board by printing. In plated through- holes, the conposition had no
voi ds and e&%vﬁwﬂapw&nqﬁame wiglyciwietheyy epalyridylaming-tynp lepewd

t hr ough- hol esmpamie Theiepsxywristh & Prsterablitienti3lid VAT &ldinaptddni i 111 ng
properties %r&&%d. EXAMPLE 2 10 The follow ng ingredients were m xed,

bl ended and |pspersed ina three-roll mll to give a conductor conposition
havi ng a vi scosithg meppfunatigealreactive ditgipgaent useBrio dhe ineentioni sconet er, of 83

Pa s: 6.25 Raybé ted gly§iog eer QP RIGHRP HIRbRY of%un@?ﬁ’%%@djﬁ The Dow
t§ of nono

Chem cal Co.; ,viscosity at C, 60 Pa-s . 55 par yonot unct i onal
Kyl ol yoi Y PIBRERE L5 o RoeiEnel and Spihioedivdly” Arpageliving and
Cheni cal s, #agent havig 8 Vaparrpressfuraof mbtamdrg drand®s idhHg ROprefepreddyced by Hit achi
Chem cal Co o Jal ggqrg ' ~ -24, produced
by A i nonotrgaCt;Fj;fglyq%dgﬂi%t,%ﬁfa ‘%I‘.’Sé?’e 42. grﬁéitgg%ﬁ%ts%h%ﬁtgé silver powder
having an 2@ E@?ﬁaﬁﬂw\m@ ey gauge fhemﬁcoagfcpfﬂze SOPRPSItioNID f| ake- | i ke
si | ver pbwdiacredade bavingnginting avstoage. particle size of 2.5 pm The conductor
conposi tion was i Qe LECUl to a film. thickness of 40 pmwth a
printer, then cJ?‘Ségﬁa‘%_&f@%?T%Pﬁ‘i%%@r‘i"?’ﬁ’ﬂ’@‘? haw 8l WHE%esi stivity was
measur ed. THENRASIohfactiensl graups giealershan B d Be4nor@fmnctiohal rghctive transition
poi nt of t h&luGhg 8§en isteferatte tram s g mo.%ééo%gg}réﬁgﬁ same condi tions
S 0

was 105C. The percent wei ght | oss on ring, wa . e conduct or
conposi ti ohgrﬁ%'%r hap I%bfc)f’ ri“ﬁ?ées(.‘)'ﬁté" ?n'ﬂsaii#ﬁ@ﬁtma Reentgiferts) Beraby a 1 nm thick
FR_—g bowgI d Ib\?]r_expl_rg tuheivisgoﬂtygfftaa?@ansﬁtmu@nthb@tm_,hahb,ea m&ﬁ@fi E i gn had no
voi ds an : é 29, npl ate

t hr ough- ho@é’st'@,ﬁg&ég@r@ogi gl%ﬁﬂfFhév%ggggﬁg%ﬁﬁﬁ%évsg@%? %WEE\%X% bited good
hol e filli ffresrepersionad matgusing cyringe f ol | owi ng i ngredi ents were m xed,

EI ended and di spl::sﬁ&ﬂeiaampldsWeaﬁdr@d bomﬂnézliz_aﬁiﬁnmitééto@ ktl;i& | tor CO”POSi ti ]9“
aving a Vi,scQsit : wi.t h, a Brgokf.i el.d visconeter, o
100 Pa-s: Gb% 6‘%%déar{{h§q§¥9%%8ﬁ§%§we§%8§é/ %ﬁ'&ﬁ_’é’bd@@ﬁﬁ’ WISHRGHuced by The Dow
Cheni cal0 csalts (B sapise cpmplexesiCand Bramsted acids@B (pronvaticodulfoninot unct i onal

al kyl gl ycisdits, aréhBgy dibZdideh saif9® QN ' and Cheni cal s,
Inc.), 5 23hSe atre er ‘2005 voa%ﬁ%gggﬁkpﬁif%ys%%%%%@%& §%art of boron

trifluori dé"et HYTOR 'REPEORFSER and$X CRY- spherical silver powder having
an average part Thé eslativeerogforfionsnn wdhittt thé epat iesinfbasél(akieh| | ke sil ver powder

having an MAiRAInPRE6H Giihg Soét andPikEatiddIE pbRREHELRI, COMPOSTtion was
printed ontq.circuits . to . a fifn
: 25 initiator are used in the invention may be selected from a range of 99:1 to
90:10. Atless than 1% of initiator, the curing reaction tends to be difficuit
to trigger. On the other hand, more than 10% of initiator may cause the
curing reaction to occur instantaneously, which may lead to undesirable
_ results such as void formation when the conductor composition is filled
30  into through-holes and cured.
llustrative examples of fiquid acid anhydride curing agents that may
be used in the invention include dicarboxylic anhydrides and derivatives
thereof, such as hexahydrophthalic anhydride, methyl hexahydrophthalic
anhydride and methyl tetrahydrophthalic anhydride; and derivatives of
35 polycarboxylic anhydrides, such as trimeliitic anhydride triglyceride. When
an acid anhydride is employed as the curing agent, a curing catalyst such
as a tertiary amine, imidazole or amine compound may also be used. The




5 thickness of 40 pmwith a printer, then cured at 160C for | hour, after
which the resistivity was measured. The vol ume rg\cptdnvibdrpongs 0. 7x10-4
Sam The glass transition point of the cured product obtained by curing
under the sane conditions was 116C. The percent weight | oss on curing was
0.22% W@ oEhsigonduct or conposition was filled into @cBugimeshignet er
through-holes in a 1 mmthick FR-4 board by printing. In plated through-

hol es, the conposition had no voids and exhibited good hole filling
 properti es. Useolaipdainedomposng ks prefecahle fomdhe stantpoisttbistirage wer e f ound,
but the oveggbilityhol e filling properties were good. 15 EXAMPLE 4 The

follow ng ingredients wetr(g m xeﬁ, gjlended and diépersed ina three-roll
mll to give a ¢ Pt oL R SONYYrise GHE0Y Agent uspd ibpdiventian neasured at
25C with a Maydbefsetdcted/ren amangs of B7 téb1.3RauivalehDpgrasposy fuhctigna@nol epoxy
novol ak DE&%% i ) ] ,ty at 25C, 60
Pa-s), Ao pa%t'%ﬂ{ef,éﬁméitgg?%%%égr@ é‘“&%?é?‘b@?ﬁw&gﬁ“ﬁ’ﬁg@ o6l L 759,

produced by°Hsidesf Higtange Ry reRdPROECUNNGe. ), 0. 75 part of boron
trifluoride- et hyfherameurt ofplirig calalyf afdybecdelddbtPhdifi @l rangd bivefo POWder havi ng

an aver age | ' 0 68 parts.of fl -li ke silver powder

havi ng ag a@géggéé'egorﬁt @Segféﬁ%@m&?rgg?g\eﬁ&x&ge%%a%oq@:}ﬁ? §¥'%bnposi ti on was

printed ontaieitr 6t|f')3§§ thas ‘part pheuringicatalyst theoeposg resin biaseharad hei nter, t hen

~cured afo 1666FngQgeht May fail tafréf, wM%B@héﬁ?@Hﬁ.ﬁﬁﬁnﬁsﬁasm ed. The
it

vol une resi tIVIt§ ﬁ/as 0. 9xlova 0-cm The g ¥ n point of the
cured produPP GBPEFHRY VISGosY AN desyltitiapophelomgestabifgi t i ons was 109C. The
percent wei ght [Thescoadudtar camposBionwéthe(pradit inleatiarois dypidally conpositi on was
11189, g B U RS 4, M "o
exhi bi t ed - @WP??"‘M%Q""VWE@HB‘PW? ensistengyridaheeloghiosugh- hol es, some
scaé t erbédXA\mrm wmiagJ;:md”h‘hs_ [aBfebabily & bisceityratid whieh & %éﬁh%dii B9 abr oper ties were
good. - r nts were.mxed, epded an

di sper sed :ﬁ%s&ﬁgﬁaeﬁ%ﬁ? }é}%ﬁ?ﬁ%%w%‘ﬂﬁ?ﬁmmﬂpﬁ on having a

vi scosity, P 5 esine# 14600 HeELe Wi ®$9118 neasured at
novol k| %ﬁmsﬁ“ﬁfﬂﬂfé%ﬂ%‘;ﬁfﬁﬁﬁﬁw ﬁqq%e'%‘éng adte e“'?‘.*”ésé R Pt osc 80
Pa-s), 2. 85 Fallng BPPREESMiIReYt iriorastop in f theoyig 8 Thepas| L 750,

pr odzjce?@ byfillag viapmaiiuibe sesuiting Qlaetei is ahmi%lm?),t%qbé&s@ mﬁishe(-!()f

boron-trifl 'édﬁa-!ﬁé ' | eXkad, r ri silver powder
havi ng an efanelﬂl ? pﬁ%@eﬁggﬁgﬁgfaﬁéhe&ﬁ @Eéﬁ%&@gﬁa%@gbqﬁ#tl ake-1i ke silver
powder haviq\%ctréf% 88’2‘? a@énaw?ﬁr@ﬂx oRsush plhatedt tgpof thedilledMigect or conposi ti on
was printed onto circuits to a fEXAMPLESckness of 40 pmw th a printer,

then cured at 1&B&fotmanlations @ttihe @ip6ditiond Bunhircle &hiple8 aidkitmbt Y Was
nmeasur @8. Temltyel tho@inipositioeSikesduniativedia Fable 8Xx 10- 4 Eam' The glass transition

poi nt of the cured product obt al@ﬁ@!wé |curi ng under the same conditions
was 130C. The percent weight |o ring was 0.17% The conduct or

conposi ti on was The fallewingringrediedtsrward imixest, blended and dispersed in a
- three-roli mill yieiding a conductor composition having a viscosity, as
~ measured at 25°C with a Brookfield viscometer, of 40 Pa-s: 10 parts of
30 phenol epoxy novolak (DEN431, produced by The Dow Chemical Co.:
viscosity at 25°C, 60 Pa's), 4.5 parts of monofunctional alkyl glycidy! ether
(EPOSIL 759, produced by Air Products and Chemicals, Inc.), 0.75 part of
boron trifluoride-ethylamine complex, 42.5 parts of spherical silver powder
having an average particle size of 7 ym, and 42.5 parts of fiake-like silver
35 powder having an average particle size of 2.5 ym.
_ The conductor composition was printed onto circuits to a film.
thickness of 40 ym with a printer, then cured at 160°C for 1 hour, after
- which the resistivity was measured. The volume resistivity was 1.4x104-




15 through-holes in a 1 mmthick FR-4 board by printing. In plated through-
hol es, the conposition had no voids and exhi bit es ggesmbelizeosi |11 ng
properties. In unplated through-holes, sone scattered voids were found,

but the overall hole filling properties were good. COVPARATI VE EXAMPLE 1 20
The f ol wwoweng19mgr edi ents were m xed, bl ended and di gpeisemein a

three-roil mll to give a conductor conposition having a viscosity, as
measured at 25C with a Brookfield viscometer, of 128 Pa-s: 3 parts of a

bi sphenol AQtpeThe glasgtrapmlion paietioh thempired prodgobtainediby ewringy Japan Epoxy

Resi n; Vi scarsder Yheabamé Gondifforasas 119°02mhe pefcehfRedholb¥sbsivirigst er of 25
di mer acid %%#\5%1@ produced to Toto Kasei; viscosity at 25C, 0.6 Pa-s),

3 parts of 1e curing agent (MY-24, produced by Ajinonoto Fine- Techno
Co., Inc.), 42.Fhmeansiuotor spmpesitical was fillegrinfodudienm Hiawietsy an aver age

par ti cl o S1fRah-HoIE¥Th N fhr ick FHEH b5 of bty i Giafiiifsighowder havi ng an

average particle size of . 2.5 pm 3 he con or. conpos on was printed

onto ci rcui’fcgeﬁ'gh%c‘?mpﬁ’ﬁmanﬂacdpm?e‘é%‘?%?" meﬁeﬂ/iaosrd&%r%mer, then cured at

160C for 1 gropertiednin atplateg throwh-sokss agmeniocids werddourel, BBtRer € t he

resistivi tyove*?éﬂhé@‘ﬁ!lin%@?d %Heéiﬁe\feﬁgﬁdbmt measur abl e. The glass transition
product

- point of the cured obt'al n curing under the sane conditions
was | ower than 35 room tenper at uﬁwﬂié%ercent wei ght |1 0oss on curing was

?. 31 %t_l_(} Becaus qhefTell # mgredruérifsﬁto@@rﬁﬁb?,rm@waaéfﬂdﬁ@yﬂs%dhﬁtag! ass
ransition g pain w roomtenperature,. a filli, est in

~ t hr ough- holtg%e\?\%’y "\}{I@@ 9"2%1_$FP8 Cgetftc."ﬁ‘?’°§§°%§ﬁ‘{'%ﬁé’r‘“%%a§/\o 02/ 080197

PCTI US02/ 09neasunsi/AEAT with £Rrodkfield XisThmefas] of @ai Peys:it2f pattsoft s wer e ni xed,

bl ended an%r@ngp@ﬁ&?%ov&aﬁ(DEMﬁgFﬂug%wtl'ngg)og\} M@i’f“.‘% uctor conposition

havi ng a vi scosi.t asured at 2 . Bro d Visconeter, of 61
Pa- s: g10 pafigeostty X%zéabﬁgg’ﬁéﬁoﬁ-gﬁp?%@c menpfinctiopahalkyl al¥eidy!( Epi kot e 827,
produceld byettiem&ROSHH 359, freduced byiAicRwdusts ahd ZHemiddds, iec.s) . 7. 25 parts of a
Kogyo K K 1C-05 et B aGy Bnfldig TR0, BishubrbpRRaanPERNERFCRY 001, CErH R
catal yst  (Lithx 025 pask of dicmaing purg sasklystaVyn24 areduced pyAjinorontp, 40.5 parts
25 éo Sp[lerﬁi?@?'feéhdd/{l%.kmmﬁbéﬁéBﬂspﬂiéﬂédlﬁsil@é}%oﬂﬁé?hﬂh@b§ﬁZte_ 0}‘ 7 pm a][ld
.5 parts o |0 ke ver r _havi an average particle size o
2.5 pm Thea?rggawgf})kﬁwé 8‘2%?952#’{'% Hﬁgagg Rﬂr@rﬂf ggk%ﬂfeos"é’?rr ‘%é to a film
t hi ckné¥s - dfaving gimaverage paricle azeof 26hem cured at 160C for 1 hour, after 15

whi ch the resi strhyichidyasr cBRPOMHISH wad RRNKEIEREIFd s ISR} | ity was 170x10-4
cur ed obtained by curing

%dg;n t EQ%@%@%&%? i’%‘g’gkr}]\/ﬁg%lﬁt;tf:ﬂ?%tﬁé}gg ak é%”qa@?glﬁghn, 88er on curing was
0.29% Thi svhidnithecesistivitp asshedsarednahelvdldneelrdsitioitywds a8k dg-amet er 20
1o hoEepl P dodSNbh obf  OSIAAHORK Bl A L2101
observéd i hndapihgisamergandilighs was 485° Cealperrentweigigsenuring
} was 0.46%.
The conductor composition was filled into 0.3 mm diameter
through-holes in a 1 mm thick FR-4 board by printing. In plated through-
holes, the composition had no voids and exhibited good hole filling
30 properties. In unplated through-holes, the composition likewise had no
voids and exhibited good hole filling properties.
EXAMPLE 3
The following ingredients were mixed, blended and dispersed in a
three-roli miil to give a conductor composition having a viscosity, as
35 measured at 25°C with a Brookfield viscometer, of 100 Pa-s: 6.65 parts of
phenol epoxy novolak (DEN431, produced by The Dow Chemical Co.:
viscosity at 25°C, 60 Pa-s), 2.85 parts of monofunctional alkyl glycidy!
ether (EPOSIL 759, produced by Air Products and Chemicals, inc.),




The follow ng ingredients were mxed, blended and dispersed in a. 25
three-roll mlIl to give a conductor corrpomhonzk;eggp[wn@mog@om ty, as
nmeasured at 25C with a Brookfield visconeter, of 248 Pa-s: 7.8 parts of a
bi sphenol F-type epoxy resin (Epi kote 807, produced by Japan Epoxy Resin;
Vi scosi wp 0a03026C, 3 Pa-s), 6.95 parts of nethyl tetrahygsophudal ic

anhydri de (HN-2200, produced by Hi tachi Chemcal Co., Ltd.), 0.25 part of
30 an im dazol e curing catal yst (2P4MHZ, produced by Shi koku Chem cal s

Cor por at i onf-5 P4¢.0f bpeantteiflusrids sifaiaraiae complex; 45 pantieof spheiical an aver age

particle SlQﬁepﬁoﬂdé?fhbwﬁg@n@eég@?“aﬁﬁ:l@élzé bPKfim, bK®45 bhi&br powder having an
-aver age parﬁ Sl,.ze

e st conduct,of . Co ition was printed onto
circuits toaé(ef Pﬂveégoyvﬂ? lﬁ@ysa%?veiﬁgﬁ)ﬂ?'ﬁf'?ﬁ'z& Osrsﬁ'ﬁr then cured at
160C for 1 hour ,Thafcosductoidonipasiion wesi psintedi dnfo viecuitsma iined. The vol unetric
resistivty Ty of the cured

or oduct A btthwﬁeﬁgs]oyf%g'r"?ﬁ"tﬁé pg@}eé'emsn %@?%585%} 3IPESEEL Rt Deos) 06118
under the ‘@H‘E griptivity wag neas qhepe pnistiyity was 0/7d8%n curing was
0.38% Thi sQeomdlhz glascirarsitontpoin om d‘uréd Erddidtiobtdhedl Byeing et er

ot 239&“3'@&& asai"é;%%ﬂ’ﬁ% spe e o el dlng (he '

| nventi on B¥ %1 versus Conparative Exanple 1. At hough the silver
conposi kg on andmé%oﬁdlidt&&oﬁ%%iﬂﬂﬁ wiSilléd o Qérfﬁm'd"hn@é%é p Exanple 1

accordin t venti el rati t he conduct or
conposi tlgon E’f’gﬁﬁl"éa 3“%%6??{?@%9{‘9 ng '“{%eﬁ’@?%g Mance, and a hi gh
gl ass transl‘iodesothqmnmosmbn haginpevoinks ardeexhibéted oad hale fitling ve di |l uting agent

| n Exampl e phopdriies, ARTAHRIAY thRABRIRIS SSmb Bcdtilrsy %cﬁa‘élwe}eggggzg a small er

percent wei | 0ss .on t he conposi rative Exanpl e
1. 15 Exa hf‘?)’@@”?'?ﬁ[ﬁ% r&P?WESB@W -3: The silver conposition and
t he sollisds content were the samEXAMPhE®h Exanpl e 2 accordi ng to the

vent on and CoRRRIBINSHRSAR cte ikl BUEKE Sha BeaR fh 2 |

| -oW- Vi scosMy i qui n-thec¢con
Conpar at i vdniesAapmé! tg Q'Werﬁ eonslyRien sPmpesitiondiavinga yaeasitprsyi scosity and

resi ft i vi éyTédsaredétese@mﬁ% BroBKf ek ﬁ@é‘{rﬁ’é’ce# of X paR %%arts ope presence of a
reactive di N onmmQsitj.,0 ave this

conposi ti or?hgh'{ﬁoq%g%g%:w olak @@E‘éﬂ%ﬁ fﬁd?ﬁnwehgﬂw Eﬁ@”?n% gm tion in

- Conpar afi v &iseesityat@53C, 8fRms), K5 pasis| of mogotumetiorsl Bik;airglycndyiare filled into

t hr ough- hol f repared in
Oorrpa?at | veﬁ%EP@Sﬂg)’ﬂ{%}ﬂt@@é& ﬁ)VAi? Pr&%rt&rm&{q)gﬁé@ vbl ggp ; contrast, the
conposi t i oi? arrH)?f rh"'%’*%ﬁ%’% ga’@f“etcﬁ’g‘ﬂ %éﬁtpﬁﬁﬁof:ﬂg‘&ﬁp?' and conpl etel y
filled thesiverpoyhehtuvig arbxarpjepattivie sizef ComuandBsvrarinpl e 2: I n

Conpar ati v, fé(E{H)A:I@e@aoWéer‘P@ﬁRggﬁ%%%w&glcﬁeeélzé&ez §ﬁﬂbe“t of 30 silver

solids_to 81 % 1n or SI le to that in
‘Exanpl €2 accor HiggPndycioneomposilian was piinted Qﬂtlo\ﬁé!ﬁw@dplaofdmcontent in Exanple

4 was 85% thidkhess B4l i, withhepier, Sidnvdured &tf160°€ f6roNRAaRI Aflepn pPrepared in
which the resistivity was measured. The volume resistivity was 0.9x10-4
€rcm. -The glass fransition point of the cured product obtained by curing
under the same conditions was 109°C. The percent weight loss on curing

30 was 0.33%.

The conductor composition was filled into 0.3 mm diameter
through-holes in a 1 mm thick FR-4 board by printing. In plated through-
holes, the composition had no voids and exhibited good hole filling
properties. In unplated through-holes, some scattered voids were found,

35 butthe overall hole filling properties were good.
EXAMPLE §

The following ingredients were mixed, blended and dispersed in a

three-roll mill to give a conductor composition having a viscosity, as




Conpar ative Exanple 2 was much higher than the conposition in 35 Exanple 4.
Moreover, because a |arge amount of reactive di [2gt3dpgenagenboswas used in

: Corrparat|ve Exanple 2 (42% based on the epoxy resin and the diluting
agent conbi ned, as opposed to 30%in Exanple 4), the glass transition

poi nt V\ﬁ@)dz}@yy.lg'ﬂ n spite of the presence of a |arge appppéepén® 28 Sept enber
2005 WO 02/ 080197 PCTI US02/ 09118 diluting agent and the use of a | ower

. viscosity epoxy resin than in Exanple 4, the conductor conposition

obt ai ned i nmEasyrad at 25°€ wilxa Bebakfigldhvistometer gif 38i Peee .65 partsxefpl € 5

according tghéWEb%%bﬁﬂégﬁmﬁtprr@&tﬁﬁdBp%g?éﬁggﬁ%ne €%SI | ver solids

content of 90% conpositiond‘vis st by altering
the ratio oY's‘%C(I)ﬂ%?F%%p 80 Ras). HBhvearts of mpragt@nqﬂyp@l alyl Q'M?-Id)dowder However ,

because r ai eﬂhag(Eﬁ%lBﬂBBrﬁrodmc@m%r PaJdutts lana ICHeawEkas, h:mc? ) ﬁasﬁiv. tnhe both a
i gh vi ssosd o paate BBREAAA BRI RRe (3D Y S eBri b 02 080107
PCTI US02/ 093ilver mpwdeyhaging @n average payticle-size-ofi 7 pmwand mpa'rtsaoiooq Lo EC cl
0CDC) ) E GlfelikeQilver Powdbr KAy A averdge particle size of 2.5 pm.
| The conductor composition was printed onto circuits to a film

thickness of 40 pm with a printer, then cured at 160°C for 1 hour, after

10 which the resistivity was measured. The volumetric resistivity was
1.3x104 Q-cm. The glass transition point of the cured product obtained by
curing under the same conditions was 130°C. The percent weight loss on
curing was 0.17%.

The conductor composition was filled into 0.3 mm diameter

15 through-holes in a 1 mm thick FR-4 board by printing. In plated through-
holes, the composition had no voids and exhibited good hole filling
properties. In unplated through-holes, some scattered voids were found,
but the overall hole filling properties were good.

COMPARATIVE EXAMPLE 1

20 The following ingredients were mixed, blended and dispersed in a
three-roll mill to give a conductor composition having a viscosity, as
measured at 25°C with a Brookfield viscometer, of 128 Pa-s: 3 parts of a
bisphenol A-type liquid epoxy resin (Epikote 828, produced by Japan
Epoxy Resin; viscosity at 25°C, 12 Pa-s), 9 parts of the diglycidyl ester of

25  dimer acid (YD-171, produced to Toto Kasei; viscosity at 25°C, 0.6 Pa-s),

3 parts of an amine curing agent (MY-24, produced by Ajinomoto Fine-
Techno Co., Inc.), 42.5 parts of spherical silver powder having an average
particle size of 7 ym, and 42.5 parts of flake-like silver powder having an |
average particle size of 2.5 pym.

30 The conductor composition was printed onto circuits to a film
thickness of 40 uym with a printer, then cured at 160°C for 1 hour. An
attempt was subsequently made to measure the resistivity, but the
resistivity was not measurable. The glass transition point of the cured
product obtained by curing under the same conditions was lower than

35 room temperature. The percent weight loss on curing was 0.31%.

Because the resistivity was not measurable and the glass transition
point was below room temperature, a filling test in through-holes was not
carried out.
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COMPARATIVE EXAMPLE 2
The following ingredients were mixed, blended and dispersed in a
three-roll mil! to give a conductor composition having a viscosity, as
 measured at 25°C with a Brookfield viscometer, of 61 Pa-s: 10 parts of a
5 bisphenol A-type liquid epoxy resin (Epikote 827, produced by Japan
| Epoxy Resin; viscosity at 25°C, 10 Pa-s), 7.25 parts of a difunctional
aliphatic diglycidyl ether (ED-508, produced by Asahi Denka Kogyo K.K),
0.70 part of dicyandiamide, 1.05 part of an imidazole curing catalyst
(2P4MHZ, produced by Shikoku Chemicals Corporation}, 40.5 parts of
10 spherical silver powder having an average particle size of 7 pm, and
40.5 parts of flake-like silver powder having an average particle size of
2.5 pm.
The conductor composition was printed onto circuits to a film
thickness of 40 ym with a printer, then cured at 160°C for 1 hour, after
15 which the resistivity was measured. The volumetric resistivity was
170x104 Q cm. The glass transition point of the cured product obtained
by curing under the same conditions was 87°C. The percent weight loss
on curing was 0.29%.
This conductor composition was filled into 0.3 mm diameter
20 through-holes in a 1 mm thick FR-4 board by printing. When filled into
plated through-holes, many small voids were noted. Many voids were aiso
observed in unplated through-holes.
COMPARATIVE EXAMPLE 3
The following ingredients were mixed, blended and dispersed in a.
25  three-roll mill to give a conductor composition having a viscosity, as
measured at 25°C with a Brookfield viscometer, of 248 Pa-s: 7.8 parts of
a bisphenol F-type epoxy resin (Epikote 807, produced by Japan Epoxy
Resin; viscosity at 25°C, 3 Pa-s), 6.95 parts of methyl tetrahydrophthalic
anhydride (HN-2200, produced by Hitachi Chemical Co., Ltd.), 0.25 part of
- 30 animidazole curing catalyst (2P4MHZ, produced by Shikoku Chemicals
Corporation), 40.5 parts of spherical silver powder having an average
particle size of 7 um, and 40.5 parts of flake-like silver powder having an
average particle size of 2.5 ym.
The conductor composition was printed onto circuits to a film
35 thickness of 40 um with a printer, then cured at 160°C for 1 hour, after
which the resistivity was measured. The volumetric resistivity was 11x10-4
Qcm. The glass transition point of the cured product obtained by curing
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under the same conditions was 130°C. The percent weight loss on curihg
was 0.38%.
This conductor composition was filled into 0.3 mm diameter
through-holes in a 1 mm thick FR-4 board by printing. Large voids were
5 noted in both plated and unplated through-holes.
Advantages of the Invention
Example 1 versus Comparative Example 1:
Although the silver composition and the solids content was the
same in both Example 1 according to the invention and Comparative
10 Example 1, the conductor composition in Example 1 had a low viscosity, a
low resistance, and a high glass transition point. In spite of the use of a
reactive diluting agent in Example 1, the conductor composition in this
example had a smaller percent weight loss on curing than the composition
in Comparative Example 1.
15 Example 2 versus Comparative Example 3:
The silver composition and the solids content were the same in
both Example 2 according fo the invention and Comparative Example 3.
In spite of the use of a low-viscosity liquid epoxy resin in the conductor
composition in Comparative Example 3, this composition had a higher
20 viscosity and resistivity than the composition prepared in Example 2.
The presence of a reactive diluting agent in the composition of
Example 2 gave this composition a lower glass transition point than the
- composition in Comparative Example 3. When the resulting compositions
were filled into through-holes, the high viscosity of the composition
25  prepared in Comparative Example 3 resulted in the formation of voids. By
contrast, the composition obtained in Example 2 of the invention cleanty
and completely filled the through-holes.
Example 4 versus Comparative Example 2:
In Comparative Example 2, it was necessary to set the content of
30 silver solids to 81% in order to achieve a viscosity comparable to that in
Example 2 according to the invention (the silver solids content in
Example 4 was 85%).
As a result, the resistivity of the composition prepared in
Comparative Example 2 was much higher than the composition in
35 Example 4. Moreover, because a large amount of reactive diluting agent
was used in Comparative Example 2 (42%, based on the epoxy resin and
- the diluting agent combined, as opposed to 30% in Example 4), the glass
transition point was low. In spite of the presence of a large amount of
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10

diluting agent and the use of a lower viscosity epoxy resin than in
Example 4, the conductor composition obtained in Comparative
Example 2 had a high viscosity.

Example 5 according fo the invention demonstrates that even at a
silver solids content of 90%, a low composition viscosity can be achieved
by aitering the ratio of spherical silver power to flake-type silver powder.
However, because raising the amount of spherical silver powder increases
the resistivity, this approach cannot be used in systems aiready having
both a high viscosity and resistivity.

- 10
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PCTI US02/ 09118 12 CLAIM5S What is clained is: 1- 2 S&iéeedraroogonposi tion
conprising an electrically conductive powder and a binder, wherein the
rati o of conductive powder to binder is from95:5 to 70:30, and wherein

t he binder conprises: (a) an epoxy conpound that is semsolid at ordinary
room tenperature and has an average nunber of functional groups greater
than 2, (b) a nonofunctional reactive diluting agent being glycidyl ether
of a higher alcohol having a chain length of at |east 12 carbon atons, and
(c) a curing agent. 2. The conductor conposition of Claim1 wherein the
ratio of the semsolid epoxy conggggggto t he nonof unctional reactive
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(a) an epoxy compound that is semisolid at ordinary room

temperature and has an average number of functional
groups greater than 2,

{b) a monofunctional reactive diluting agent being glycidyl
ether of a higher alcohol having a chain length of at
least 12 carbon atoms, and

(c) a curing agent.

2. The conductor composition of Claim 1 wherein the ratio of the
semisolid epoxy compound to the monofunctional reactive diluting agent is
from 90:10 to 50:50.

3. The conductor composition of Claim 1 wherein the curing agent
is a cationic polymerization initiator.

4. The conductor composition of Claitm 2 wherein the curing agent
is a cationic polymerization initiator.

2. The conductor composition of Claim 1 wherein the curing agent
is a liquid acid anhydride at ordinary room temperature.

6. The conductor composition of Claim 2 wherein the curing agent
is a liquid anhydride at ordinary room temperature.
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