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FILLI NG THROUGH HOLES I N PRI NTED W RI NG BOARDS g fberABS/STRI AL USE 5

The present invention relates to a conductor conposition used to fill

t hrough-holes in printed wiring boards (PWB). The filled through-holes

achi eveMO {283 ¥yer connections between the circuit | agewsnzediishe PWBs.

BACKGROUND OF THE | NVENTION Prior-art conductor thick filmconpositions for

filling through-holes 10 such as Lﬂi:@e descri bed in Japanese Patent No.

2603053 and JP-A 11-209662 have nade e of a conposition conprising a

bi f unct i onalCONBOBITIOPBOR FHLIINGREHROYGH-MOS ESINIPRINTEONGIRIAKY oom

tenperature of not nore than 15 P§6AWDS?. solid epoxy resin, in conbination
a soli

~wWith a reactive diluting agent an d latent curing agent. 15 However,
the viscosity of the corrpo%@t_[b@_riﬂww HQF ! d to sonme degree when
ﬁtterrptiiag to fi‘l}hle prixent vehinasiatdstth atcoh@OEHEESHHpSRIBAUSH kOl 53 as to
eep voi ds fiop i .ng .t her ej. eca S sitates a reduction in
t he anount %F @I g%g%lﬂgpf’@g(@%&%%r%m%ﬁhq ﬂ@ﬁ@QHQQ‘hEésor the use of a

I ar ge anourchisvedntepaner cenrgstinys ketwpen the, cinchié layafsoofthsmBYWBs20 result has

been to raise the resisEATKEROUNDROEYHEINGERRRSAL i ON Of lower its glass
‘transition terrpg,riat_ulgte. 102 20018 deser ERST e use of a conposition
conprising an €poky" 8 ‘PF%% e, [MECqpRaeiiipns Jﬁ'@ﬂﬁhmggl_@rbﬁbson the nol ecul e
in con® natichrswhase descrtwddn daparaise dateritidloc 2603053k4ndi ni ng a hydr oxyl group

25 free epo r18s i cul ar. distillation. In addition,
because tEﬁ’égﬁﬂ@ﬁgggﬁiﬁﬁﬁég?ﬁaﬁigmﬁ%?%’ ‘%’&PR’F{?’P% tends to

cryst al | i z@ifunglionaiquidsenpxy sesjn Bayjng p visapsityat @rdisrgreames f ect on t he
ef fi ci ency tedperapge af hotnforelthar $5 PA@#h%0ld 8Po8PieSint inof the present

[ ti t de t .on wWhi ch exhi bit i tabl
vi'scosi by FareabARim & a MG FRE ok RRN hihasestoun: “of
el ectrildal |y cohaweven the yispagibt ofithe conapesitignosustiberoweateiddb soinei i zes t he
drop in th@ie?*e%iﬁheri Atfihspting 96 fill SRGLRIHAH ﬁﬂit@&@oﬁ%&&c@ﬂ@o?i}\ihrgw resi stance

and is cap%b e 05 ach'ideﬁl ng qQod I'nter ag%rg) connecti 0 | at ed and
non- pl at ed SPRPJP EREP ¥adp Epdo faIn-cReqqyse thigoeeeasiatas aaspect of t he
i nvention peductide in the amudnt ofeiedricgip sonduative powgriis tHethiadererect ri cal |y
conduct i ve yRoystesf PRhPaRb I SF ali L0t I er, 2005 ratio of
conductive powder tofboi nder i sa{fo\rﬁgrﬁé%c{ag"p%@dﬁg%hﬁﬂaﬂ%?ei n  the binder
conpri €8s: f‘%&’yt iﬁ’ﬁ begn 13 raissibs reristene ofitke ewail sempasition orldweary  r oom
t enper at ur és ghads trassition ewgeagigrenunber of functional groups greater than 2,
(b) a nonof unct iWRad »h&ERES i i.ng.agent hein | yci dyl ether of a
hi gher al cohol ﬂg_\r‘}‘?énéé a c%éas}éﬁb?%ethgglﬁe §§a PPN %ﬁﬁ"@o% atoms, and (c)
a curing ageewy regingdligsiedreesf bydroky groupsmuilibe owlexudepinsi ti on conpri sing an
_ combination with an acid anhydride. However, obtaining a hydroxy! group-
25  free epoxy resin requires repeated molecular distillation. In addition,
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 -




el ectrically conductive powder and a binder, wherein the ratio of la 28
Sept enber 2005 WO 02/ 080197 PCT/ US02/ 09118 condugtdapterheghst o binder is
from95:5 to 70: 30, and wherein the binder conprises: (a) an epoxy
conpound that is semsolid at ordinary room tenperature and has an average
nunber of functional groups 5 greater than 2; (b) a nonofunctional
reactive diluting agent which has substantially no volatility at ordinary

room tenper at.yre: i . nt,; ang. A, curing catalyst. 10

DETAI LED Dé%&%logﬁ‘?@dg%fwet%%{fr herb%uéne’?r?ta?ogﬁ" Mosilbe 2 conduct or
conposi ti onthedinsler somprisss: (a¢ ke epoxyoainhpouad tithi ¢4 sendisqliovad erdigarg an epoxy
compound ha TStk 2he & B3 My e S ARG iR T eat er “than 2 and
a nonof unctgreats thes 2, gxet mumofaidiinhalmgadiye diluting dgleet Bseaivéidyl constit uents.

The i nvent i‘%tﬁ?/rncgf%r@@fértailc%ﬂolir{%ﬁ’ng%e&]a% @ﬁétb%gﬁﬁ?%}é&;%t is selected froma

~cationic p on 1 nitrator capa é’acuring reaction
even when 3omsednd (cha audmgeadenanount or a curing agent that is liquid at an

. ordinary roomtg re. .an spal | ampunt of a.curing catalyst. 20 The
t hr ough- hol e con@'%?%%#%%@ﬁg ??ﬁquccﬁﬁ%}lpf’?'ﬁ%" E%ﬂ%q'slmsqe%” an electrically

conduct i ve elestdelly aocdutiie poleder ant erténdert ieeremttheradib of conducti ve powder to

~binder is from95:5 to 70:30. The electrically conductive powders in a

gi ven conposition could conprise a single type of powder, mxtures

- thereof, alloys thereof, conpounds of several elenments 25 or conbinations

or m xtures of the aforenentioned. Exanples of such powders include: gold,

“silver, copper, nickel, alumnum platinum palladium nolybdenum

tungsten, tantalum tin, indium |anthanum gadolinium boron, ruthenium

cobalt, titanium yttrium europium gallium sulfur, zinc, silicon

magnesi um barium cerium strontium |ead, antinony, 30 conductive carbon,

and conbi nations thereof and others common in the art of thick film

conpositions. Exanples of the epoxy resin having an average nunber of

functional groups greater than 2 which nmay be used in the invention

i ncl ude conpounds prepared by conbi ni ng epi chl orohydrin with the 35

condensati on product of an al kyl phenol (e.g., phenol novol ak, cresol

novol ak) with formal dehyde or dicycl opentadi ene, and conpounds 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 WO 02/ 080197

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

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

sem -solid at an ordinary room

- 1a




tenperature. The nonofunctional reactive diluting agent used in the
invention 5 may be the glycidyl ether of a higheg glepfil 28652a conmpound
prepared from an al kyl phenol (e.g., nonyl phenol) and epichlorohydrin. A
reactive diluting agent having a vapor pressure of not nore than 0.5 mmtHg

is preferg@fisoss reactive diluting agent with a vapopcpy§omef1§ 9reater than
0.5 mtHg tends to volatilize easily, which my cause the viscosity of the

conposition to 10 increase during printing or storage. The ratio of the
sem sol i d epdCEEHRSH thbinderdgs gmma‘aﬁe& togé): 30 andevhepéinthebindemal gr oups
greater thagomprigest he nonofunctional reactive diluting agent is preferably
from90:10 to 50:?0. An@&pox reain ratio raiat r than 90% may result in a
loss of the di | df] ng" SEMCoBtRoupd that jssenusolidial ofdioRaYireRMt he vi scosity of

the conposition. Ontemperattiessndieashn averageciumtser oflfunationed gaapet ratio in
excess of 50% may StdrthdnPOssi bl e to achieve a three-dinmensional matrix
during curing. I]luStrative éxanples of cationic polynmerization initiators
that may be usd® i A MaRefunglicny reastye dilutias agentvhighyhasi nes, i i dazol es,
Lewis acid 20 sal t ssutiSkialy mevalatipl sbeediharyabemBsmpseiatfeaci d salts

(aromatic sul fog@un%ﬁé@gé?gsen@ra%gati c diazoniumsalts). Lews acid salts are

preferred becau SOl'Vé in epoxy resins and exhibit |atency. The
rel ati ve propor t{fbndcuinggatalystt he epoxy resin base (which includes the

reactivey di | uting agrAil BDOESBRIPHORDCTRLIMVERITEGRGI On 25 initiator are
used intheinver_rg]tﬁio roma r.ange or. 99:1 to 90:10. At
i

| ess than | % of i"?‘{eﬁﬁ‘g‘ilf’“’f’ﬁssé‘&Pf‘ﬁ‘éﬂ?’e%?é‘iHOéWOP AEerIEIBIEE difficult to

trigger. Oreledtdcallyicendustie powderendrmrepbdyaesin bindés, ahereirnte cause t he

curing reacdjoR rd ] ' v to undesirable
results suchFj agrvég? Bﬁ?%ﬁ?fgtgﬁéoﬁaﬁ eneﬁiéxc‘:&gé\@u@{hﬁgr@gs t"_“l%on is filled 30
i nto througeHRsIeIY ot tynetipnal groys greaferdhanap agertofunciional aci d

g_nhydlr)i nsel aeadtivg digliny syenhas theess se:lugalmwﬁmsx h?méiﬁV@EﬁJéonhi nclhuge hthal |

I car boxyl i ALk I [ su as hexahydrop alic
anhydr do.  SOFRSHORIRERCR RS sl ol o d0EE R el

t et r ahydr opfiymarizatieminfiator gapakimaf degeringta wingseadtioneoey sdeboxyl i c

anﬂygr i ges,prés&zlﬂ lirﬁ§ sinbll amtalﬁmtdr% @iﬁhyégeﬂfthétrié BAoig 8t érsisrtdﬁ%?? an acl d
annyari ae | ed as e curin n .a curing catalys sSuc as a
terti %aﬁgﬂ'ﬁ?gmﬁigggség&S@ﬁ{%géﬁﬁgﬁﬁﬂﬁn% afé(?éo be used. The 3 28

- Sept e 2005 (1 g caIcUROmEI0 Bt Sonopsitioh campeisésian compound i s
“preferabl eé‘lé&mawEom{?\%oﬁdvmertghg%?ﬁ@eg.%he?&iﬂﬁr% h@i\e‘mﬁhe amount of acid

anhydri de curing agent used |n, inventl on _Selected froma range
of 0.7 to f’.o@d‘é‘g'ﬁ? 38\"’@?& Ogg}dleéﬁcf%’)m Ponde 8381 Ths elcigally n t he epoxy resin
- szﬁl tA?narmudI.Ectioé _pawdd*s&mhygdreh@&nmusiiiﬂgp@s]@B&Tplltil‘ieg% dﬁg@ftg%@gg | re 2{123 ][nrag -
range of | %g‘eeﬁ_"l'fd’é*p t%‘ t%%rsoﬁ%&gg?%éoﬁp 5¢1ﬁgunkgxq?3¥‘zer8@¥'ﬂ8m§poxy resin base
and t heX3curr Rgmbingtions, ormixtugascof theaaforementioned. Examplgs obsughyst , the epoxy
resin base pawdefshacidde: gold SieREOpperTRitkdIZallimirin, pRhumiher eas more than 5
o) Y ARARR ol BRI shdr? A1 O, icin Janihaum, | " @ POO" Storage
_ gadolinium, boron, ruthenium, cobalt, titanium, yttrium, europium, gallium,
suifur, zine, 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




The conductor conposition of the present invention is typically
manuf act ured by a nechani cal mxing neans (e.d.,28@epRerhisdrl2opk! 1) to forma
paste-like conposition having suitable consistency and rheol ogy for 15
screen printing, and has preferably a viscosity ratio which is defined as a
vi scosi wo gy enent at 0.5 rpm divided by a viscosietyuseasugenent at 10
rpmand 25C using # 14 spindle and utiIity cup with a Brookfield

Vi sconet er belng naot | arger than he resul ting paste exhibits good
hole fillin psﬁlfegsﬁﬂ@heéylmﬁthmwglmdw thﬁ?fna'tﬁl glycidylaptine-tyoegpoky t he via fill.

The 20 fil Iaﬂnmw@i Wheetepble restsigIpréfagibRasin-sbid af@Pedirasy aont 0 be easily

pol i shed %H %}ngreby a netal plating being applied on top of the filled
vias so that "FElEctti cal parts are mounted directly on such plated top of

the filled vias.Themgngurtomadeadivendilutingagent used ihéheipmpationt i ons found in
the exanpl ema Bdtﬁ@@rgd:i ett?e'?o'fﬁ%iﬁhbﬁal%héi'&?a%mb%h& E%@%r%{ﬁo unmari zed in
e

Table 1. EXA red 1 re m nded and

di sper sed i?l"ﬁllkﬁpﬁ‘? e?‘%rl' pow%qe%b@ﬂe en %U\aeﬂrcﬁd?a@tyﬁﬁwgﬁ'ﬁg on having a
vi scosity, agenthaweglaadpatpremra\btmntcheMG BInsmMg $cprefirRyd. 0f 40 Pa-s: 10
-S’?Eiisﬂy?’gﬁea?@%"‘*"“ﬁ'@ﬁe S Eopbp rkctie e RN o it e o1'Vel ayt
ether (EP W#’B@e%'bd% CAP?e'Idetﬁ%%@Qirﬁ’éP@fém%@@O Inc.), 0.75
part of10 bqnaleatédiﬁringmrirﬁﬁgetkmk@m ne conpl ex, 42.5 parts of spherical

silver powder [ S| and 42.5 parts of
flake-1ike sil vg;mé @% &Qhé%@&%@@d g‘?"&ﬁﬁ&@%‘éﬁ%ﬂ???& [8Fze of 2.5 pm The
conduct or cupRssiof L@ﬁtlmgmupﬁﬂmteiﬁb@ 2to theinnendafuncliohallreactivhi ckness of 40

pmw th a pikbhehgerit ﬁk%?e@#étﬁh}ifraﬁ-n obefiftolHRrs0l A oﬁé&ﬁrr t)l(di\,gl Zh 4t gg

re5|st|V|ty The. vol une r tivit

Sept enber B8 eﬁﬁ%ﬁ&@ﬂ?w @&ﬁmgﬁ‘iluﬁn%ﬁgeﬁtﬁg‘eﬁtﬁaﬁ‘ﬁeﬁyans| tion point
of the Liur ddweringihe visobsityi oféite fymmasitiong Onuthd @itheir ihand sarieactivigli ti ons was
Compost 11 o TUBES boatf din cQB%s 97 oBM haPmalER o dille MUERYWICLYL 1 i o
FR-4 boar d Bigegimaesional matrdpdiingsuing.ough- hol es, t he corrp05| t i on had no
voi ds and exhi biflustatiyeaxahples dﬂchiuorngpom@mbh @ﬁuatbﬂs thAthay

through- holigs, o) I hoI f||||ng
properties b\%er eﬁ?rgglg @Zﬁ)ﬁﬁ&ﬁﬁe%ﬁ% aqﬁ'? 6Wdﬁ‘ 'gﬁ'glr%*? @?f were m xed,
bl ended®landfalis pipeicamplexen), ead Boansted adid sdtﬁﬂmdlmﬁdmumr conposi ti on

having a Vls‘éﬁ@%r&rhataoa&azdmﬁﬁ%é@éj @Ew%%sd/\ééit@a?egr aﬂg gscometer, of 83
Pa s: 6.25 pr odu by The Dow

pheno
Cheni cal Céﬁeyé'ﬁoi‘@dglef’?x)éfesﬁg é& %Rég %?"c 1.55 parts of rmnofunctlonal
al kyl gl ycidyl Tbe eddtiye prépe@Birs i whjchthe épmacrebin bdise (Whiedluct s and

Cheni cal s, iﬂlcnlﬁje)s th@ﬁ:tlmlhtlﬁé a@?ﬁtﬁaﬁdﬂ'méq{ah F)B‘ghﬂ% ?a(& onPr oduced by Hitachi

Chem cal amne cur st (MY-24, produced
by A r?érmt"Bf'a i e 9@6’“‘@%@*”'}’ be gglegted frarm adﬁnméﬂ ‘t® silver powder
having an 98vidr @gdessahan tYeef Mitionthelcupiy rédttiod LarfisRE bb Hifgduifl | ake- | i ke
silver powgefioaer. 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




20 having an average particle size of 2.5 pm The conductor conposition was

printed onto circuits to a film thickness of 4Qgmaprdbraopsi nter, then

cured at 160C for 1 hour, after which the resistivity was measured. The

volune resistivity was 4.5x10-4 Qm The glass transition point of the

cured pwadizesorobt ai ned by curing 25 under the sane cepgigti@mgswas 105C. The

percent weight loss on curing was 0.46% The conductor conposition was

filled into 0.3 mmdianeter through-holes in a 1 mmthick FR-4 board by

printing. |HspprEAaMinerempeund i prsteratiefromrithe standpointafdtanages oi ds and

exhi bi ted gegiliyol € filling 30 properties. In unplated through-holes, the

conposition Iik se ha nd .exhi bited good hole filling

properties. EXA eea'QOH‘ﬂQ?PSF’|%W%f.%5?%as%fﬁtt§ew*€emwaaon bl ended and

di spersed i may betsetestad iodrh arahge ofd. gl t3zqovalutpareposyfupsiidriabn havi ng a

Vi scosi t C f of 100 Pa-s:

6. 65 par%ls glf% B% il gg‘??m %%%OI%Q?B@N??%?&E a'nﬁ 'd\éaﬁlﬁwgﬁtmw Chem cal

Co.: viscoQytsld e t rangg dhayresyit inpogscying: s of m)nofunctlonal al kyl

gl ycidyl et her KHeR@Rbunt 65 Burirgy cataigs thayb e%d!ed?écpﬁéiﬁtasraﬁi@o@ﬂ” cals, Inc.),
¥

> 28, Sopt g0 W ARG T IS s ik o

trifluorid am ne" co PYE9 powder havi ng
an aver age MI 4t less thes bparvofmwmaﬁatamst tﬁwem)xtyfresm basecand the si | ver powder

havi ng gn aigii osition was
RN gd 0”6% g??h?ﬁ?%h?félﬁo%é’& M%ré’asﬁn@i@thgﬁg p‘éﬂQﬂ’r%ﬁ/t R(Erﬁgéwgn nter. then

i ckness
cured at 1608 PEPOY! ‘HBMPCOSAW@QH]EW:# A pPHEStP@@Pﬁ‘?WIW y was measured. The
vol ume resi sti vilihg asagudoeahipositioBf the pradent grivestiort is ypidally on poi nt of the

cured pr Od%ﬁmﬁgétﬁé@?%eﬁ%ﬁ:éﬂm:ﬂ@&%@@ﬁ%ﬁ 248 '"i oi:aﬁnwas 116C. The

0SS curin con OSI tion was

per cent wedg t' %
filled int @%"fﬁﬁ%‘%ﬂﬁg{o@r avingsyiiaite rensisiengy E‘e['dlfhﬁﬁ’lpgmﬁoék FR-4 board by
printi nt. |scr¢aérepmﬂmgmmmprbfakamyamseosnvrrmﬁwmbms deided@s ¥oi ds and

hi bi t ed ted th hol
exht b1t Sieliphatirlet 05 TR0y ORI Eh AR ERRHERL ! o5, o
good. 15 EXAMPMERRD 39E wwing B sgindieandditiiytaspweihes Biooklisld bl ended and
di spersed iVis€omdtbr 8sing Abl la Hhahqalvrfé@sﬁlﬂﬁgl 540 exhiBfPeSId | on having a
Heok

varresrY e aiRER %”959»%% ve@ﬂaaatww%@& S iherie bothenen oal oo

20 vi sé¥si tfijledviag m@h tBe remaitiny padteds shapedsoafs trmmm‘aurl;cpohsh@d al kyl gl ycidyl
et her (EPORblowby PFrd(eedn ﬁe/ﬁg]raﬁgréggawqug o@&gﬁaﬂa&%ﬁh g nc.), 0.75

part of borogn trlf orld of spherlcal silver
powder haviSRFUIR B $ 2gIMBUH ?‘%(Q’F%’WPB@UB‘T P'?tEIS’n‘PPQ theddleghuiess of flake-1i ke
silver powder having an average BXAMPCES size of 2.5 pm 25 The conduct or
conposi tion vvasThasfonh&ldtim&‘@tI&idoﬁipbit&nk ﬁnﬁdiﬂtb@bxa_ﬁﬂi)ie@ kiBestingf 40 pmwith a
printen2s thesltcoftReconipodifibis atosuminatigddin Talé er Whi ch the resistivity was
rreasure_d. The vol une resistivi tyEmPBqu10-4
' The following ingredients were mixed, 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-




~ thickness o

92cm The glass transition point of the cured product obtained by curing
under the sane conditions was 109C. The percent 2gesdpdmbapoon curing 30
was 0.33% The conductor conposition was filled into 0.3 nm di anet er
through-holes in a 1 mmthick FR-4 board by printing. In plated through-

hol es, wipazommgrosi ti on had no voi ds and exhi bited goedrfed@efig!l | i ng
properties. In unplated through-holes, sone scattered voids were found, 35
but the overall hole filling properties were good. EXAMPLE 5 The follow ng
i ngr edi ent s2%8t-e The glags transtinneepintaf the apied peduciobiaingdbeeuring | nill to give

a_conduct or yRIERS s4me BomtAtidndGvad MIgSCOThe Yercdht ReidBt B8PS BRRHg 2005 VO
02/ 080197 PCT/ g?g%OQllS measured at 25C with a Brookfield vi'sconeter, of

38 Pa-s: 6.%8 'S of phenol epoxy novol ak (DEN431, produced by The Dow
Chenical Co.; vihizesridugtoncompGGitigovanfiled intd. 8% mpmadiametdr nmonof unct i onal

al kyl - glyci idughidieyin QPR bhick R 4 BoaHG iRl A and Cheni cal's,
Inc.), 50.5 ugrt of IBor.on tri|fl uor i (E:I)g etl _Ilrghé?htlaﬁ%igfjpgﬁg@,tjat}z parts of
spherical Qe dhe pAMRRTtIgRRAd NP VOid itsq a0pd helediling of 7 pm and 18
parts of fprapedieskin wiplated thpowgheliolds somg waidsaveredamdpbitthe! € si ze of 2.5

pm The CO%E%P%%&\W?@B?&&@S%eBé.dn ed onto circuits to a film

_ printer en cured at 160C for 1 hour, after 10
which the resistivity was neasur BYAMERE 20| unetric resistivity was 1.3x10-4

Q@m Th gl ass therfslidwitdingrididntdiveleRixed lehdddashacdispepdeiingd by curing

under the nditions_was 130C. The..percent weight | 0oss on curing was
0.17% Thestgge%a’?fﬂt’%!’ tg H%S§P?‘i"i§ﬁ°’xﬁ£§‘pPPﬁt'B%éaY'H$8"b?cgs' § aneter 15

t hr ough- holreeasuiedati2if with 2 RraeRfidd visaonhetey, ffG3rRa s165.28 pars eft ed t hr ough-
hol es, the &gﬁ@p@dxy%v&aﬂ(mmm d%eggggghgmgg@ﬂamée filling

roperties.. . n .ed _through- gﬁ)s ol d5 were found,
But pt heI ovéﬁ‘%ﬂ%“ﬁ%ggi ﬁ‘ﬁ P’ﬁ&ljl-g{:%%%f?ﬁ @@W@%‘SB@MW@H VE EXAI\/lI:J’LE 1 20
The f ol 150wietiger (RHOSIL 69, progucediiyécProduets dad Ghashichispessed in a

e o Oy patt Or Y By OB P00 ABRARL b PRy LREmRAES D0 1Y B9
¥ ’ '

g??;ﬁ;ﬁg| afdrl@- 29 RaiRf AnasRing cuiing gatalysti(NOt4, gpsiuced by iieemdlp Japan  Epoxy
ar o oot G Ehas ot sl nch ki 1, 5L 1
p:';tms; ggl ar?(é%gg?eola&'f% ﬁg‘giggh‘{“’ (" 42&"%@&&38‘&%@'&% 01 Fi he- Techho
Co., | 8. ) haying:anaverageqpartigityeize ob2.59imver powder havi ng an aver age
particle size offhé cBRIuIGofipositioRivas pRhtekllAkSeilditS 13k Fiker  powder having an
average particle si of 2.5 pm 30 The conductor conposition was printed
onto cir cui“ﬁ“gk’fei?sa?f?ﬁ MR W&'ﬁ?@ﬁﬂ@&ét"ﬂ? C‘HSS B 9% CrionT pPumeler, t hen cured at
160C for 1 whiclr theAasistivity evastmemssrezi iequotmhé yesisidiey was 48asoe t he o
oo+ Ko Ve o Koy o8k AR BBl 10"
was | owér t4ngdar the same conditions was 105°C. '?[he percer% weight loss on curing
' 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.),




35 room tenperature. The percent weight [oss on curing was 0.31% Because
the resistivity was not neasurable and the gl asegtgeanshtidr @005 poi nt was

bel ow roomtenperature, a filling test in through-holes was not carried
out. 7 28 Septenber 2005 WO 02/080197 PCT/ US02/ 09118 COVPARATI VE EXAMPLE 2
The f ol wowemgp197ngr edi ents were m xed, bl ended and di spet;seMohs a
three-roll mlIl to give a conductor conposition having a viscosity, as
measured at 25C with a Brookfield visconeter, of 61 Pa-s: 10 parts of a 5
bi sphenol Ad-Hyp3é of bgtandrityssidg-etindaming cpmplexe48 parts pfrsphieded by Japan Epoxy

e A o g ey sy g ol o

ot i Oy e T ice S35 BORP PRGN avhrade B iclE S 2ol yat ) ( 2PAME,

produced by Shi KidlewoatiestbroaminipoSitiop evastpirioted, o citeuitattd a fink 10 spheri cal

St Lver POWARIhE 03 AHR AR HEN EliRash 4802 tof 1MBLy R, 49 5 parts of
owder h n rtlceS|2eo¥

flake-1ike sjl|lver powder havi an, average particl 2.5 pm The

conduct or c‘BWﬁ%?ﬁ'%ﬁ'ﬁ“Mé”ﬁ?rm?ﬁg%'ée%nT@ ‘tqueﬁir%%stw@y was 07x10¢hi ckness of 40

pm wi th a pRicnt eThe glasntransitied patnt d6ME dursd probodtiobtaniddasy cu?rﬁBWhi ch the

- resistivity, - I ri Lstivity was 170x1 O 411 cm
The gl ass t'%’ﬁ%zf[ i Oﬁ‘r%cgtﬂw{tfggg\A%é%gqgﬁ#.egﬁ%ﬁ%%@t\b%%qti?%e% CW¥curing under

the same coMf 828%s was 87C. The percent weight loss on curing was 0.29%

Thi s gomdutct or qagRresdidtétonipositibh wWad filled 0.3 M diHirAdxet er 20 through-hol es
In a mm

| ck, ER-4 .board . ng., Wen filled into plated
t hr ough- hol;%),%gﬂ’fg'ﬁ Sé’hﬁﬁ‘"v‘gﬁﬁg li:\*/i# boﬁglb@!d’.”"my'“\i’gﬁtﬁ@ thig¥gh-al so  obser ved
i n unpl at edhalegs; theglontpoisition hadMB ARSI vl exMBNE Bodd fidle fifing | owi ng i ngredi ent s
wer e 1 xed prbbeide oo AR R holdb, Bome Scldh&Pudil il blind O 91 Ve 2
conduct or conposi ti ayl.ng a viscosity, as easir od ar’35c with a
Br ookf i el dm%ﬁéﬂ?o%%l"ﬁ@m%mﬁwﬂ%gﬁféhs of a bisphenol F-type epoxy
resin (IBpi kote 807, produced by EDoMERLE@OXy Resin; viscosity at 25C 3
by 1 tashi Onemy A9 BRI o BhRIIE Med Benben STURORRINTR curing
catal yst ( Amermpll miltg@iveciconducior Remposiirmhayingsa viseasifigrast i on), 40.5 parts
of spheri cahessutededt 23008kth aBGoKEIR lisedRstagof 6PPals §bpagé e Of 7 pm and

25 pm. e B L oS D e R e I DB Rk tos o @ i1 m 35
‘'t hi ckn@8s discasityah2ai € 0P8}, At2Srparisiof manofundtiaral 2&QQNoidyl 1 hour, after
whi ch the eofd SEPBLIYTHRPIRBSIbAAr FRBRAOMMIBhERaRCRIGS! 1 Vi ty vas 11 x10-4
gBCg The gl%%§@#8n | r}&ﬂ‘%‘ t he cur eq pro ucé 0 _‘E:all ned by curing 8
ept enb&r ‘8‘6%7“:‘ el 12 pars ef sphegcalane condi ti ons
was 130C. Tliverpewdenitawng arhavdragspaticle sizernd 7 pnaand.633%4ts of
flake-like silver powder having an average particle size of 2.5 pm.
25 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 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




Thi s conductor conposition was filled into 0.3 mmdiameter through-holes
inalmmthick FR 4 board by printing. Large vogdsepinser 200m0ted in both

- plated and unpl ated t hrough-hol es. Advantages of the Invention Exanple 1
versus Conparative Exanple 1: Although the silver conposition and the

sol i ds f@nbemismas the same in both Exanple 1 accorgifgsdhide i nvention
and Conparative 10 Exanple 1, the conductor conposition In Exanple 1 had a
- low viscosity, a lowresistance, and a high glass transition point. In

spi te of thmeaswedit 25°( witle b Breokfiekwiscogietey coft38i Fa- £8P partslof t he conduct or

conposi ti ongj ' I aﬂgk I ' | oss on curing
t han the co?r,%%hsoﬁ ??‘?;"X ﬁﬁ%ﬁ%@?ﬁa’}’?’\ge gﬁgﬁggff"%h@&%@%* 2 versus
Conpar at i veVESipPE23 T, PREas) 289 padnplusrnafenctiond akbolyeidylds content were
the' s?rre i nethbo(EtPCEmBWPB,eprBd@cHﬂnydiiﬂBTddchsbﬁd imféﬁﬂ&él@,ﬂn@gd Conpar ative
Exampl e 3. ' 4+ he. . W- VI SLCOS] | qui.d epoxy resin in
t he condszct %lés rbaitgdr%grso?'tff'%%?ﬁdﬁ%wp@sgtclgwgié@%?@%éSpﬂﬁf'%al conposition had a
hi gher 20 vsilyepeowder Aauing asiayerage tparticlesize of7 wonpuds18 pants o epared in
Exanpl e 2. fiakeaikelsive® Podef havinPathversgdpdrtitie 82e 3983 yhn the conposition of
Exanpl e 2 gave I S cgn&om tion.a | ower, Iasiﬂet_ra sithon point than the
conposition in RPAYGIICampaslion was nifd QfRCiFUEs Iq 8 Al cormposi tions  were
filled int othichnessgf4Bqine wjth afpeinter ghew cered sit 160°6f fot héoapafiesi tion 25
prepar egy i Wﬁ@m@gkﬂ\ﬁfg%rméfsu?bdd.%&ﬂn#ﬂc E&%fu(lﬁwgél on of voids. By

| I n Exanple o)

contrast, tgs fo_ osit] on obt al nec ) e invention c! eanly
and conpl et EPYI4T Ir8y {holass bagaitiongaid of thepuedprpdyetabtringtbayar at i ve
Exanpl e 2: duninGamper the iswmelcondiibres Was 130°0aTheqeasmwWeighblosSbnt he content of
30 silver s ﬂng%atscb.?ﬂ%.%' n order to achieve a viscosity conparable to that
in Exanple ccording to the invention (the silver solids content in
Exanmpl e 4 was 89¥p copduciorcamposition wes filed st .3 nym diareeter conposi ti on

prepar egh i nthrdugfihaledtin Wl ARk #R24 WBsd By PRntid) R IpidtB@ hrbligh-conposi tion in
35 Exanple 4. reover .tbeila se a.Jéar ae E.ngé(gt%q%} re?@tlve di luting agent
was used |nhcﬂ%ﬁ’\‘r/‘g‘§r%ﬂ"|‘ gy H§|"8V?' £5%,expbiedioend hele iliggxy resin and the
~di | uting agénpertesrbinnaglateksthopigbdies; sorBeseatierdekeois wer)foundie gl ass
transition mltﬂgo\)gc%% illith Bs 0 6é2§%oéqresence of a large anount of 9

28 Sept enber 2005 2/ 08
a lower viscosity epoxy re amtivie S/ENeIngl e 4, the conductor conposition
obt ai nezb i n Conjihe fdlfowing ifyrediehts verb atlxed, bicgbied bA€ GRbéxed Fxanpl e 5

cont ent " of 055 OGS cHHRE LA SIU BMG e aved by i tering
‘the ratio dneagyrtFtdsfc y\fqu?l\ﬂe&%bfm viseprmgtak of 13§Bas! Bymrtspfader .  However ,
because r aitfidphenbiretypauligiil epbxpiRBRN (Epikbte8A8Y BlodDEMIBY JAR eases the
v DAL B P20 0 S o S RS iy Peving bt @
- 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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What is clainmed is: 1. A conductor conposition conprising an electrically
conductive powder and a binder, wherein the ratio of conductive powder to
binder is from95:5 to 70:30, and wherein the 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 al cohol having a
chain length of at |east 12 carbon atons, and (c) a curing agent. 2. The
conductor conposition of Claiml &ﬂgﬁﬁén the ratio of the sem solid epoxy
conmpound to the nonofunctional reactrve diluting agent is from90:10 to

'~ 50:50. 3. TWdatisehimedis: conposition of Caim1 wherein the curing agent is

g cationic pol yTeri ARLhRA ALy canorliy SOBIELAL, ARRGSL!  on of Claim
2 wherein the curing agent 1s'a catronic yreri zavion initiator. 5. The
conduct or ceewsissiand enbinderCivheneinl thetratice bihcaridectvernonglentrebinderiis a |i quid aci d

anhydri de aﬁ.orﬂrggisr}grm:go_?%a%ﬁ%ﬁrtﬁ%y@q?%T]érg(}gs:conduct or conposition of

Claim 2 wherein the curing agen anhydri de at ordinary room
t enperature. 13 (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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