WO 98/ 37133

PCT/ USO7/ 1699837133 LOW TEMPERATURE METHOD AND COMPOSI T cf\%"’l‘—’ﬁi”l‘m
PRODUCI NG - ELECTRI CAL CONDUCTORS |
Background of the Invention ' 1. Field of the Invention The

present invention relates to conpositions: whi ch can be used to. apply _
conductors to electronic conponents. such as printed circuit boards and

converred t o oM FEMIRRATURE MEGRIRANH OB AIPREROR FRbDGENE"

Rel'ated Art ' ‘A common EEECPRICAL CONDUBTGORSCcUi t fabrication
process is subtractive or sem - additive processes in which conductors are

formed by etching away unwanted copper. A fully additive process would have
many advant ages over the subtractive or seni-additive nethods. The primary
problemin providing a wholly addi tive process for producing printed
circuitry is the requirenment for high eléctrical conductivity with | ow
enough curing tenperature to be conpatible with the pol yner-based circuit

boards. AnBabkgromidof thelnvention neki ng connections to the additive traces,
preferably by conventional soldering. Present technol ogy includes | ow cure
t enper at ure conductive epoxies and transient |iquid phase materials which

produce traces wﬁlgdggqﬁeﬁ{vgﬁﬁgﬂ cal conductivity and poor solderability or
hi gh tenperature thick filminks which produce tracdes with good el ectrical
conductivity and good sol derability but which are I | nmted to ceramc

substrat es. speci al |,z bstr tes are reguired
to withstand tﬁgﬁﬁ%‘g&% ald I#Fndgla}\é?ﬁc‘gn?og ogfgv f cgn 8%3?%@6?“@%] C
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- u .
\%oul dl (p:)er néqm%&q%& g«?}%@%@ggg agpq}%r %oenvefte ?o sro%d%gn uctors at tergperatug'e(asr_brelow |

450°C.
2. Related Art

. * A common method for printed circuit fabrication process is'subtractive or semi- |
"additive processes in which conductors are formed by etching away. unwanted copper.. A
| fully additive process would have many advantages over the subtractive or semi-additive
methods. The primary problem i in providing a wholly addxtlve process for producing printed
circuitry is the requirement for high electrical conductivity with low enough curing
temperature to be compatible with the polymer-based circuit boards. Another major problem
is making connections to the additive traces, preferably by conventional soldenng Present
technology includes low cure temperature conductlve epoxles and transrent liquid phase |
materials which produce traces w1th poor electncal conductmty and poor solderability or | .
high temperature thick film inks which produce traces with good electncal ccnductmty and
good solderabrhty but which are hmlted to ceramlc substrates. These sma.ll, expenswe and
speclahzed substrates are required- to Wlthstand the th1ck film ink firing temperatures of more
than 650°C and usually above 850°C A method whxch could duplicate the performance of
thick ﬁlm mks but on polymer-based subsu'ates at 250 to 350°C would pexrmt apphcatlon of a
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board industry and the $2.5 billion flexible circuit industry, worldw de.
"Thick filnt' technology is routinely practiced to produce hybrid circuits

on ceramc s bstrate El ectr.on Cer.a reckenri dge,
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pri nti ng tﬁ&%&é‘ﬁ@,ﬁmswgﬂdwﬁgs onto.ceramc substrat es and firing them
at .tenperatures of 850 to 1100[err]C to reduce the metal -containing inks to

metal . An exanpThickifilex]dechnollgy ismeutiielypsactised tosptpduee Sybridbeirquits a8 coyami¢y have

recently b " Rap! Cer am
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The conductcnpmepy ditutyl\egibital and varicusglydol edersrand gstenst Bre mlmre applieddo bul k
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aci ds. nve ient i,nt the W ] | deconpose rel ative | ow
. tenper at uﬁié“ gqstp ?ﬁ’?é’r%ileél H‘Ea)]i’ Eﬁragﬁ] %Ly a‘liJs%F
function Irﬁetmﬁoi‘uué@de%&adiésmhducnmy ’lXplda’llﬁthe%%ﬁ&I&&s Bavdlstd26d &essied on

Dec. 10, 1991 and 5, 338,507 i ssued 16, 1994 to J.T. Anderson, V. K
. Nagesdh arﬁsctr@nomthlm(ws of igless dmaﬂlngva@dﬂxemf mstals The glassiienss do sonsanteate at

super. CO”“'%% b%g:&%h&rfé&t %&%d%ﬁ?ﬁme at 4 Pk CoRdRa! is\%ﬁiﬁﬁ Stﬁﬁ' to

t he net al err 0 coat e supercon I'ng grai The
-coated gr anmequatdrlﬁmuoﬁﬂmtbaﬂcedetalnd oxi di zed at 600-800[ err]C to pr oduce an-
oxi e super conduet g eole Al A8 SmBdd T Bur dutdee S Bl SBeemability an
PCT/ US97/ 1$ab28Bty of the metal powder dispersions. Often these surfactants are ‘metallo-organic -

compounds such as soaps of carboxylic acids. These are convenient in that they will

decompose at relatively low temperature to deposit the metal or its oxide which can perform a
useful function in the fired conductor. - | '

U.S. Patents 5,071,826 issued on Dec. 10, 1991 and 5 338 507 issued on Aug. 16,
1994 to J.T. Anderson, V. K. Nagesdh and R.C. Ruby, disclose the addition of silver
neodecanoate to superconducting oxide mixtures' in which the neodecanoate is decomposed to
the metal at 300°C to coat the superconducting grains with silver. The coated grams are then
smtered and oxidized at 600—800°C to produce an oxide superconductor of enhanced strength

and critical current.



The addition of titanate to thick filmconductors by deconposi ey 2
organo- net NP PMI} anate is described by KM Nair in U S. Pgﬁgﬁ‘{éﬁiﬁ '
4,381,945 issued on May 3, 1983. - U S. Patent 4,599,277 issued on
Jul. 8, 1986 to J. M Brownl ow which di scloses addi ng organo-netallic
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car boxyl | Ca@ﬁgdg@&%&emwﬁ 0 ﬁ%i@l@ﬁhﬂ%lété%a@%tféﬁbﬁﬁﬁcaﬁoﬁOO, ver e
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bondi ng semi condugdetiontilahick lm pafts edthositions tomthining!silBaAakpilassiffind -
V. K Nagesh and R M _Fulrath were igsued U S, Patent 4, 13]C1), 6&1-0@65@@. ,
19, 1978 wilvenresingtesswhigh are qappoylicacidegsns.aseysll %F“‘%?Fé@éiﬁ“ s grton a

simlar cogpasiebbiilath UK Bhkntd §,67509, Beleithy Igfcgh@,ai%l‘ﬁﬁ& 5, sacrR4dpeRATAS ed

at |ow tenperature to provi .vér-"coate ass particles simlar to the
super conduBénR, 1993edd N dNguybweml comrnekers Thie objestiveewes taslimieate the pzelimuibenyr at e

either befqre or after deco ition of the.resinate an | - .. 3
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conpositions o ass and netal powders in an _organic, ve e but t hout
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To create LA i 16 HisblbbdDaRiRARS®mpblitivh bf . be
necessary %ﬁcﬂ%%ﬁﬁﬁwagcﬁﬁgﬁﬁoggﬁ%ﬁ Igglﬁesi on and coflnggilon of the
deposi t ed ghssfrituhd sitver agsinatppwhish avas decompossdoat lowe teniperaiure4s pravidesdver-whi ch

is the extrer er t erature | im af | . ; gl e.
The. Use. of Crlgt MR Soema o BPHeh Ul P Abgs B AR il
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none of themnpelt a |ow engu gnperature, an e S wi not- bgnd to
[he notal " GRidaRE HEsEAGY BTS00 n JD% Baprovide s condigat of DefAaHEh BaM Rr-TIPe

obj ective have %gﬁ'bn?&%%xbeaﬁémlﬁh& RS LorfSysituAs O BlabsSandifetal JoRdetsAn al f

el ectrically conductive 1 nks or pastes by incorporating netal powder, -

usual |y siorganic yebiedebut withoyhthe repinstecaredescriked inRatents Ut p2P0223) ander Thi ck
Film" mat Eri'?gléag This is a major industry with products available from
Abl esti k, ArT,” Hokurika, M Tech, Thernoset, Epoxy Technol ogy and Ferro,
anong ot hers. TiTexgea@h kv teimperature bralog ofthe thidnfilm pooéss, ibwill denecessary to

I?;CT / US9 \7/\7)1 %gxg%7n]é§w3me_chanism to obtain adhesion and _cohesioxi of the deposited metal which can

operate at temperatures below 450°C , which is the extreme upper femperature limit that most
polymers can tolerate. The use of inorga_hic glass powder binders ._whicl_:' are universally usgd
in conventional thick film inks is not ;pdssible in this applicati'on because none of them melt a
~ low enough temperature, and the glass will not bond to the metal or to the polymer substrates.
| 'Other approaches to this 'obj'ec't.ive. have been described. The most common one is the
creation of electrically conductive inks'or pastes by inccbrporatihg meta!_ powder, usually
" silver powder, in an organic matrix, the so_-called “-Pb_lymer Thick Film " materials. This isa
major industry with products available ﬁ'om Ablestik, AIT, Hokliﬁka, 'M;Teqh,_ The;rxioset, '

Epoxy Technology and Ferro, among others. These materials can be printed on circuit boards,



and they have good adhesion. An exanple of the appl | cation- of#(%m@w : ’
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2E-4E, 1979, on Societie des Produits Industrielles ITT's silk screening
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Manufacturing Technol ogy, 12(4), 545-549, 1987. The aut hors ges%ﬁi bed their
wor k on pricoveredbya polymen film yibick iz adhssivelylaminated &9 the gubstratete beldithe, 5 g |

resistors. °{§@a?'r? 3%@14?%31/’}:?{ cfoe?H&t%d&ﬁéEQtﬁ@%}o‘Bldﬁ%%ﬂtﬁnﬁ YRBirfcalORBRUALY Whi ch

deconpose C _ W tenperature to precipitate the netal as the
nmet al | i ¢ elcompadablero bhik metalde, dependi ng on the netal and the atnosphere.

fne 10Dl e et ) Sy tonditevif)bad b8 hohilied s b RtP-r: By HECHARARE htaifR’ 2!
WO 98/ 37 13%r%a;nic compounds on various substrates. They can be applied by ink jet printing as
PCT/ US97/ 16226 _organic noiety is nde o_the netal.thyo a
het er o- at ofefibed BY%Q% ek E- i)i 'ﬁ’ﬁe?‘ﬁ@@fggo&i Buchangy, L@a‘sﬁ%@@‘g&pos ition at
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Vest et al QrgemisDegempesitian) sdchnolegy jiér grng ¥eaisr he snstreley Rt aspastiostls con by
ink jet  research was reviewed in "Liquid Ink Jet Printing with MOD Inks for Hybrid Microcircuits”
Teng, K.F., and Vest, R.W., [EEE Transactions on Components, Hybrids and Manufacturing
Technology, 12(4), 545-549, 1987. The authors described their work on _printing silver and
gold conductors as well as dielectrics and resistors. MOD compounds are pure synthetic
metallo-organic compounds which decompo_se cleanly at low temperature to precipitate the
. metal as the metallic element or the oxide, depg'nding. on the metal and the atmosphere. The

noble metals, silver, gold and the platinam group decompose to metal films in air. The -
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of Squar es LeRd e RAIGARE G & @@eétmee.ceaeéetgr uth&d&YpﬁiB g fito rhditen sbides "

is believa al acl |s acti.ng as a iIs Stated to be
resi st ant mlbembe ngde with uheaatedaﬁckcbpmw&ersould@pt beteidered;. Noimprqysmentin

based on the wel| own.sol u Iver i n sol der. : A sonewhat
simlar si P‘F@?""FII%’R‘ uGHYITY Was e%&bgdp %Br 855G undy of Johnson and |

Matthey, U. S. 4S8afePfdwderildisclaked &98ﬁové[ts<ﬂvéﬂ RyoRler@smposition”et.$1\Patent | i ng

silver powder wth silver stearate surfactant .in an %Hgamc ol vent -to

produce si Ki86,24¢ éssned dan. 28,1988, and"Peqeessriopkeuzning Noyd ST aidsEs- i1l ed i nk
 COMDOSi L 0 gl SiiRge 0% ka4 Adatono WSa iy, 16 WU BotRkiiedto RI Y. B9, N0

stabl e po fla
6 - Wend 8. V. Jl&ihstrong and assigned to Graham Magnetics, Inc. North Rlchland Hills, TX. The
PCT/ US97/ 16 er cl ass_of teria t| ve
el ectronic® Y‘?’cPt?WtdF’S/w?fr@rTﬁ‘% Y HseREPEsipe iy ”F}"EF %ﬁiaageel%na B a 8@%@% ope
Toronaga TeaoRYIRTichE eithét@htutdied (@reaﬁteauim@mnﬁrc aEit) or ubsetamteda(bieid id; and

their appl i cations _are described, by P. ndhj O,rcur wrld 2
1996, p. 4dinglsic 8&#& "ﬁe%alé reacted Wltb%‘é@‘gfl REPERRSTP %1%3) proteciive

1748-1 7 52, 53&%%’ @toshrﬁﬁ 'ﬁ% p'iht&és t8 sﬂﬂ-ﬁﬁéi'ﬁﬁf sioé. The'paficRE wdré Washear
copper conduct ere sol der and a pol ymer bi nder. They can be
printed |ike rmmemss eclé po& blsadad withnpreemuebweight ofiarenventigns! thigk icle

alloys with th 0 net al . Further
heati ng at cpg%etgrgaq'}%ﬂgi lu?(i Egﬁi el gﬁ’ga%%@ﬁﬁ‘&gfz‘%ﬁ?r] C for 10 m nutes
cures the pol yneThelresulting mhmktc@t@l\nmb&rdmlc oa«;ihbsmdesuﬁstraﬂaen&bm@wofﬁ
t he pol yner, substrate. An_alternat Rrovi de an dhes roon
the substr dR@TA {ﬂ éQ:’F"GQ’é‘tf 1B GoRfeR t%%iﬂ?%e? pgﬁ'di MOG SHY g4 ’fcmfo ?;'@tgy
Technol ogi ec%n&ﬁbn@ Bﬁbm}h %et@%ﬁarz SPhich isinot adbguatd Epravtdal Tirbitry Aith trddet .
15, 1996. i cal met conpositions yield eI ectrical

resistivit |ré@ﬂmm¢és pathg@saaesebqweﬂee&m ngcis gaif o b soldegable witheut, ¢
S ol derabil igy RECRYSBeitvatil & BEERERGE i ctihf 8s R ALY, TEls statddd6 be resistant to-

leaehing in a bath of molten solder, which is unexpected, baSed_ on the well known solubility
of silver in solder. ' '

A somewhat similar silver flake matenal was patented by Grundy of Johnson and
Matthey, U.S. 4,859,241, Aug. 22, 1989. The flake was prepared by milling silver powder
with silver stearate surfactant in an orgénic solvent to produee silver stearate- coated silver
flakes providing a glass-filled ink composition of superior stability. This is 2 common method

of preparing stable powders and flakes of silver.



None off¢ theg jals or m xtures de;_scri_b'ed above acconpl i éh - '
At P8t

providing a ion which can be cured to a .well-bonded,

wel I'-consol i dated nmetal lic conductor with an el ectrical conductivity
conparabl e to -conventional thick filminks but with a curing tenperature
bel ow 350[ err] G5 Dot el e Gthiod it FOUIEtRR! GcittyacbleOw 275 C
whi ch is requi _rq’é%m?or conpat i bi s‘i ty vm%h.convéﬁt I onal polyne -aggglgd"ci rcuit
boar d subsTrantiers Lidiid £hase materials developediby Thronagaitiechiologiss vinder thet trade mpmiet
the circuij,bogrd,industry. With new.technol ogy for..rapi uct i, a
Simpl e pr ot dnrst s Fid thet lcRACIR B Rerr e ¥ Gamh{isGl g 23
provi de t hity, OR\W1996)pea3148] mdaeibeRs, B, Brotdedings 6ENEPCONSWESAT'96, 3, 174821752,
| nventi on The present_ invention provides printable conpositions
and pr ocesk9§. The matspialsicogsistiod gmistureofnomaersd silee oz coPReE candysior Miths and

the ubst rphiired REEF ofd o Bbfihel iRk THE cofi BB RiEIAA i otinok O BRI S wmil ©
conposi t i created] the kpldar meltshndoadlogle withithet conduatdr crgating fainetivark af fisedmetal.i cs and

e s Al o0 B S ™
7 : W&lﬁﬁder which provides for adhesion of tH2(ebh#iRidY 1 @e’folymer substrate. A€
owder

metal p m xture is conprised of a mxture of at |east two type of

met al powddiematiyy istemaevide ax adhegive layer qnrthe aybstrate ea fiselogrdchydYleh Cgpote and

appr oxi mat | O - 1. 1Al 3 ' _ _ h re
and 2 col FitCydA o RTELaBE Tl i DVRRDH So B AN, SERSR By St

t han aboutOd005,r1®@6et ers whi ch. are not aggregated to any great degree.

The ROM can consi st ,of _any netal.l.o- ot i c.C ound.whigch is r |
deconposabl e tQfﬁ‘éalg'ocp’f’%%ﬁBWH?%$W§$%EW°§EB%%§mSGﬁ ﬁ’ﬁr‘r’lﬁ%fr?@' i )éh “can
react W t hmidd6oriRl. tHefe 18Mafsd 46 9sshé! Hith Soldeyabilit Secaive b A Srethee HRhSpoIFARPS

and the corresponding fatty acids. QO her exanples are netal am nes and
met al mer cBipd®. conpounds and their corresponding am no and sul fide

Precur Sor's.  None dFfic Gl o Silkrdlacddi R S AANOS AN Tuolicll YEIONAR, t

i n appropriate proportions, mxed wth additional su S or viscoslity |
nodi fi ers ¢dmpusitibadvhich parohe mieed the welldpaded; ovedli-sinsolidiatedametaliic Conabictopgethher

The. compot sl ity Bhifite fh SRPRRBRAM R, By B BTRRRR i g

t echnol ogytemperature below 350°C , preferably below 300°C , more preferably. below 275 C, which is

required for compatibility with conventional po_lymer—bééed circuit 'boa:d.s_ubstrétes. None of
these materials has made it possible to impact the circuit board industry with new technology
for rapid production by a simple process with no hazardous waste production. A new .

approach to provide this low temperature capability is needed.

Summary of the Invention

The present invention prbvide's "pﬁntébl_le compositions 'é'nd'processes for'épplying
them to temperature-sensitive substrates and curing them to traces of high electrical .
conductivity at temperatmes which the substrates can withstand. The essential constituents of
these comﬁositions are 1) a metal powder mixtiire of specified characteristics and 2) a -
Reactive Organic Medium (ROM) in which the consolidation of the metal powder m1xture to

a solid conductor takes place.



Screen printing and stenciling are suitable for rigid substrates _in.. . o
rel atively s‘ﬂﬁlgpﬁﬁé?rbers with high resolution. Gravure printiR ,’4-8%}6&% on
pri-nting and offset printing are suitable for high production rates on
flexible substrates. Ink jet printing and electrostatic printing offer the
addi ti onal advantage of direct conputer control of the printed image. This
permts circuits to be printed directly from Conputer A ded Design (CAD)
files and.elim raeesetilppwdedidhas isdapristd snhixge oEadtastiwatypé of metabe
different, if desired, for coding or prototyping. _ The sane end,can be

achi eved atpowdesst 1)inefal fakies with amseferd majopdigmeter of %Ri’ﬁ?’i"&P‘ieB'dg] micpmstersagd

equi prent . 2 Wickn gw&mmter%%ddﬁ%r%&ﬁpamzﬂcbnsaaamg SHRIedbidhl AR bEwakts

t he surface an spensing printing conposi’ti on supp by a punp or
pressuri zedvitymenpdiameters less thad dbotut Hi0amnometetsivdtich dre pot aggregated t¢ amsgreatn be
applied inc]Jude rigid, glass-reinforced epoxy |lam nates, polyimde filns
for flexi blds&er cui ts, other polyner-based el ectronic conponents, nmnetal
pads and sem COﬁﬁiéqim&amamyﬁbﬁll&afgaﬁﬁicbin?aﬁn@menﬁ-xeamyr ally to
most epoxy surfaces. Good adhesion to polyimde filns reguires the presence
of a coati rigcompeEpblEa thercomasponding gietal cortan sreanic compeBRtWhish c3n rragtsvitlblei ngs
gave_ b e% Bge}{glgt?%go&%e sild ShBShd. ¥oxamples are metal soaps and the corresponding fatty

PCT/ US97/ 16k, Other examplesAdéimetabamings amt mbtal memapto esmpowide and theiral sur f ace,
simlar to the requirenents, f ftn soldering. Acid constituents in the ROM act
as fluxes t@rﬁ?ﬂﬂﬁ'g{”g%ﬁ‘éﬁ HGS ERETHRY™ r tinning the metal pads is al so
effective. The upg QhstRhEANGLC R EitipoRitiche4rt Wighe@ Butia RPSropIAE propertions,
effective. Adhesion to sem conductors requires netallization wth which the
conposi t i ormixed avithoadgitionsl| serfactants or visqesity megidisrsif Beededioprevide hemfoRek posur e
to heat for Je I Th TR 11V%A Lok | re
to which {risusanap; sPEEIRE Beathordkpn L el KRIIERRAN AcigiBed MBI D
achi eve nosdonffosition. el ectrical conductivity of which the conposition is
capabl e, and in sonme cases

LS ss t:han .10 seconds at t .
Silver and gol d OfRPO8 Ebsﬁr???ﬂsw tﬁ&ﬂﬂpﬁg?teélﬁlﬁga? %g?nvﬁ% ﬁm&ﬁ)(r)"g\hraié ?N%P%?lggy :
require a ps@béfprintigahdBeRdibigare %it%%ﬂﬁ%ﬂkhbdtﬁﬁe& i fetativelyaittallhupdbetss per
mllion of oxygen has been found suitable for processi copper .
conposi t i on®i gtﬁéifﬁﬁo&ﬁl% Grretesy PripEiB & ITHRSFIAY P@a@%ﬁﬂﬁg&;ﬂrw@&éﬁ Hitedle for
before or aftg b'otfﬂ@t?or?i_l%?eg oh PieR lésﬂb&f‘até&:}?ﬁxﬁjfgﬁ#ﬁﬁnﬁ EndCélédtidStafi® PRfting offer the

conposi tions. ‘The conpositions o present invention can be

sel ecti vel yadsitidniabativentage ofdirest compaites comtzol of therpsigtad/image This permits circuits to

t enper at urezsensi t Lve _ ' Lh AL PIgTeIR .
These inclu %@r@%‘ﬁ“ﬁ‘?’#ﬁ’ﬁ {ﬁgﬁ‘s‘é‘%ﬁ@gy P(r%%@{g‘?}é@’g?é°g6? ?%ftnlﬂ%a{,egi npr egg?i-on
printing, oéfesiat tobléiilgltﬂ'aﬁm ciaduidcghee d%ﬁdrmé,i iﬁgesaaa,hfei mﬁing(m'mwtﬁ'pmgi Tihe saneand
copyi ng. Unexpectedly, it has bee ound t hat. when heat ed, ese

CONposi t i on%ncﬁ‘?ﬂ‘é’ei SR dAwver BrofuFtiondgiss Bt Fampyter fon ﬁ?e-d dispetsing

equipment. This.equipment produces dots or lines by moving a needle over the surface and -

dispensing printing composition _supplied by a pump or pressurized syringe.

Substrates to which these compositions can be applied include rigid, glas_s-reinforceci
epoxy laminates, polyimide films for flexible circuits, other polymer-baséd electronic
components, metal pads and semiconductor components. The compositions adhere naturally
to most epoxy surfaces. Good adhesion to polyimide.'films requires the presence of a coating.
FEP Teflon® and low glass ﬁmSiﬁon -j)oint polyimide coaﬁngs have been found to be o

| satisfactory. ' ' : ' -



b_onded__b_ondl{g 49m7%5aces of pure met ql_g at tenperatures hundr gisrgée7AgsHseeS
l'ower than requited for conventional mnetallurgical sintering processes.

This provides a wholly new capability to create-printed circuitry at higher
speed and | ower cost than with conventional technol ogy. The hazardous waste

production char adnggibs td metls rf@mee Rlclean fetd) B@ife] SinaaN 131/ reqiirahémigfornd

et ching processes Is conpletely elimnated. - Brief Descri 5} i on of the

Drawi ngs  soldering. Adi egnstifuents énthe® Qractasibuxss i prgmets adhesion- Plating or HBEI on
wi |1 be el Bl 68k ket rtlotse bP R Enib SolbbiprbiabebMlioR dofled Phcits ‘

wherein:

PCT/ US97/ 16fR3&tive. Adhesion tolsémichbaductora réquirasinetalizatod with whiichrthejcampositizinylare f
copper - fl ake as_used in the present invention. - FIG Ib. is-an SEM -
of silver fpEpatitle- used in the present invention. -~ . FIG 2a is a
Transmi ssi on El gl iR Blted B pdshireds B2 TE AllBH peABPSS tile IS tifke!
suitable for 't h?q‘tﬁr"g‘g‘ %‘ I nvent | on.F%' ' FIG 2b 1 g@(g TEM of col | oi dal

si | ver powderieswith thecteinperatuee forwdsicintheisnbstrate aan safely be exposed] it iglgsy thama SEM
cross sectian of an.unconsall.dated. coppet. frace acteristic.of e
i or art . miid to Bt AR O e i B BB R S ORGP Slon b i teptifa o
silver tragadessmetRed Bléss tiah 10Recddds af température. - FIG 4a is an SEM

cross secti-on of_a wel]-consolidated copper trace characteristic of the
present invent i oniver and gold may be cured m air. Copper and other non-noble metals require

JC

protective atmosphere. Nitrogen with less than about 3 parts per million of oxygen has been
| found sﬁitable for processing copper corilpositions; Addition of water vapor dur'in'g'the curing
_ process, but not before or after, has been found to i)e beneficial in cﬁri_ng copper. .
compositions. | o | _

The compositions of the pres_en’t invenfion'can be selectively applied only where
conductors are required on a temperaturé'-sensitive' substrate by any convenient printing -
technology.. T_hese include screen printing, stenéiling,. gravure printing, impreés__ion printing,
offset printing, ink jet printing and electrostatic printing and copying. Unexpectedly, it has
been found that when heated, these .corrll'positions cure in seconds to well-consolidé.ted, w_éll—
bonded conductive traces of pure metals at terﬁperathres hundreds of degrees lower than |
required for conventional metallurgical._s_int_eﬁng_ processes. This provides a whq,lly new
capability to create printed circuitry at higher speed and lower cost than with conventional
fei:hnolog_y. The hazardous waste production characteristic of conventional photolithography,

plating and etching processes is completely eliminated.

Brief Description of the Drawings -

Preferred embodiments according to the present invention will be described in detail

- with referehce_' to the following ﬁgu're_S, wherein:



FIG 4b is an SEM cross section of a wel | -consol i dated silver trace

char act eri sSMO988138he present” invention. FIG 4c is® ’%"EW’E’PSSS
section of a well-consolidated gold trace characteristic of the present
i nventi on. FIG 5 ais a plot of electrical resi stivi’ty VS.

FQ 5 b s a pre B aselfiksale %% %&N%Qﬁ%?%‘%’* e e“‘““‘?. [ ver

conpositio nt idveatig.esent i nventi on.

10. 98/ 37133 _

PCT/ US97/ 16226 - © FIG 6 ais a plot of eI ectrical resistivity vs.
tinme for a. coppefGC@TRORISEMBS Aivel NfkdHsAS&IHn theheSit Bivention. .~ FIG- 6 b
is a plot of electrlcal resistivity vs. time for a silver corrp05|t|on of

the present invention. FIG 7 is a plot of electrical resistivity:

atrmosphore, | FG%aib g telbisieh MRXEH ViBRelipn (PEMOSF a8RthEREaRorae "0

copper traﬁ&w&érﬂdﬂ&nﬁb%ﬂmelpmaﬁtmmum t he nmoi sture content of the
curing atnosphere. o

FIG 2b is a TEM of colloidal silver powder as used in the pres.ent'invention .

FIG. 3a is an SEM cross section of an unconsolidated copper trace, characteristic of

the prior art.

| ' FIG. 3b is and SEM cross section of an unconsolidated silver trace cha:écteristic of

the prior art.

" FIG. 4a is an SEM cross section of a well-consolidated copper trace characteristic of

the present invention.

FIG 4b is an SEM cross section of a well-consolidated silver trace characteristic of the

present invention.

FIG 4c is an SEM cross section of a well-consolidated gold trace charactenstlc of the

present mventlon

' FIG. 5 ais a plot of electrical 'resistivify vs. temperature for a copper composition of

the present invention.

FIG 5 b is a plot of electrical res1st1v1ty vs. temperature for a silver composmon of

. the present invention.
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FIG 9a is.a schematic illustration of the application of the cor posi ti ons _
and processwm‘gstj'lmspresent invention to creating patches on fPek Bp7416226
.circuits. . FIG 9 b is a schematic illustration of the application
of the Conposi tions and process of the present invention to si rrul t aneously
creating circuit traces and attaching conp onent% to themin L ﬁtfh

sol dering. - FIG. 6 aispqlotmf elestrical resistijaty Vit iyp 152 @HB“&BB\PP?} ?’?8 8f the
conposi tions ?}gﬂl &gsses of. the present invention to a hybrid. technol ogy

i n_which A races devel oped in phot odefl ned dielectric materials
are metallized sinply and qui ckly. o FIG loalsaschematlc '

illustration of _a hod for duci ng..i.nner {ions
and processes oﬂng Fraiahef ‘?‘Eg“é‘ﬁ'f B’gtm vs. tnme &%ré%ﬁ%osﬁfé@?& ematic

illustrati ga,egg&@_od for producing finished nultilayer circuits by the
conpositio rocesses of the present invention FIG 11 Is
an SEM of a rrul ti I ayer ci-rcuit fabricated by the nmethods of the present’

i nvention /37133 £th t invention vs.
b1/ Usoy) 16226 ¥ Tis ApAEEREcletsical resistivity. of s copper tace pf the present invention vs,

the CO”DOSbiy%éﬂ%oﬁﬁentcbﬁhabm‘aunbsphemi on conpared to those of the prior

art. Detail ed Deseription of the Invention. : Conpositions of the
present invention are conprised of a netal powder mixture and a Reactive

O ganic Medium M s o El@ﬁ&‘tﬁ&&?&ﬁbﬂk&&ﬁvﬁﬁﬂf@@op}ﬁpﬁa&%f&lmﬂmwoﬁ-
sensitive substrates and cured to well -consolidated, well-bonded circuit

. traces by hedhe moisturasouteatrofshe amipgatmespberehi ch 'does not damage t he
substrate. The conpositions of the present invention exhibit a critical

t enper at ure above whi ch they undergo a transformation to well-consolidated
el ectrical cond@uGoss isn sdhemaueﬂlusuanontoyﬂmruppmamnofthemowosmmwndmomﬁ K

resistivity of the ngetal uestion. The_electri conductivity is equal
to that ob@hhedgesst @8%&‘?8??&?%?%’6? Bﬁﬂgﬁ‘lgfelﬁng“ﬁ%t powder sintering in

conventional thick film conpositions on ceram c subst rat es.. Remarkably, .
th| s. consol i dati on gr ocess takes place at .

: b is a schematic illustration of the application of the compositions and process

_of the present invention to simultaneously. creating circuit traces and attaching components to

them in lieu of soldering.

FIG.9cis an illustration of the application of the composmons and processes of the
present invention to a hybrid technology in which conductor traces developed in photodeﬁned- -
dielectric materials are metallized sxmply and qulckly '

_ FIG. 10 a is a schematic illustration of a method for producing inner layers by the

compositions and processes of the present invention.

FIG 10bisa schematlc 111ustrat10n ofa method for producmg ﬁmshed mulnlayer

c1rcu1ts by the composmons and processes of the present invention

FIG.11Isan SEM of a multllayer cn'cult fabncated by the methods of the present

mventlon
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tenperatures 400 to 500 degrees Cel sius | over than t hose conventionally '
used in thi-cwoPBBM3Bechnol ogy, and in tines which are an or dePCEUSAHY#S ude.
shorter than are required for sintering. - Suitable netal s include
copper, silver, gold, zinc, cadmum palladium iridium ruthenium osm um
rhodium platinum_iron, cobalt, nickel, indiu tin, antinmopy, lead,

bi smuth and mi xtﬂbe%zf%?%a.m?’hd&hﬁ@f@tﬁﬂc _ ‘,u%@P %@P@F‘”}Sovﬂer
m xture conteddi hrefih&t @&qﬁg ‘J,,n%p ldal -or sem -colloidal nmetal powder
“where the ggrrposflgls%ﬁ ceontgx??ls a oﬁllt1 70 to 80% by wei ght of the netal
powder m xture. The metal flakes have a major di nension between 2
to 10 mcroneters, preferably about 5 m.croneters, and a thickness of |ess

~than 1 micrQneter.~JIhe ed by techniques well known in the art
by mlling ‘3%%’@&'?%%%‘%%@%&%?%@!&3& with a lubricant, which is
frequently a fatty acid or fatty acid soap. The starfing powders, are '
usual l'y pr oduceocwpmégmem’é@tdwe&’@%ﬁmtc@mﬁﬂf?ﬁ ﬁﬁm&@&%@”ﬁ%ﬁl.@?e
si ze and deﬂé&ﬁv@?r%&]ilid M¥gin ROMR K Bifes@E Ginpiitidnd O4n 1) BBHEPRIEmBRRIutEat | ONS

as constituents o ck filminks and silver-Ioaded Conductive epoxies, as
ment i oned atsositive fibgrates andacuzgidcto Melistomsplidated wellbetided cirenit taces byheashs of

copper and silver, flakes .respectively,  which ar e . e

Composi ¢ orteaspedtsta SRR e TG 4ok nbe ol PheBhond R o compositions Br il

functions. presnt frvemich exttitd aitical teimpérdtuee above Whichtheyt idergoagtanefoiratichabds

the other in redientséoget,heir ' ey e e o s

12 - WOk cansplidated electrical conductors with a resistivity only two or three times the bulk

. PCT/ US97/ 162.Gtivity G¥fle RIcRY BI\qiRstidS Tho bleftfiealchidueRyin R Rqhd1 %o fHatStithified By |
heated to cure it. The flakeS naturally assune a |dnmell'ar structure Ilke a

stone wal | samventionabhighl tssnperatere mietalpowdenhinteting inygonventioral thickefln on paral | el

to the surf . - dpRLONLAES f . '

anount of n&?@o%{t}ogggggr nge%iejgtgag%ykgo aéﬂ' -’et\}/l-% ¢ ﬁ%%{n%gé%g%ﬁ?%gé}%% tllgur e

met al conduinpesatuks 400 tars60 dbgreedTalgits loevepthat those conventionally useiddy tiatksfiltm

- provide | ow surface eper fl.at surfaces.to which the, other canstjtuents

.~ of the corrp@gl?r{qfl?ﬁ%" mﬁg%‘%f "Yfﬁ&‘ Lol a{hﬂf‘% of rpggptufle, W@%B@irmé for The

ot her net al fiheriggwder .m xture constituent of the present invention are

col | oi dal or sem -coll oidal powders w th dianmeters_bel ow.100 nanoneters.

The col | oi dal or Switabje metgls|inglere coppsrpsilver, golds zine cadmipm, palladinm, ifdibut  40%

by wei ght o T Of1atifi6m r;ﬁ?a Lt Lr e Aoy
. function of;%t%%g‘léﬁ’?g%er’s ?éﬁh{nba ower éL?bte%'%%?%etl’lr?rl é&gf ﬁx\}\’hfﬁg'yokl g’?[ﬂd’
conposi t i onkismuth andonixtiresdheéreofl dn aeeftryedsambbodiment.chenmetal povedst uikwrscontdins

presence of f met al _powder has heen.found to be hel pful in.advapcing

P e T ow ¢+ crptl B And soRaEe: sPRRoAREy pah fotderahertind bnemi RSB i on
of copper nMibduu7e o 80% by weight bf the meElPbivderimixhieé. t hey be present as

I ndi vi dual particgles. parti c) ea,_ this snmall have _a strong tendency to

? t al
- aggl onerate int O%QF%I\%?@ hgys 3majer sign betatesn 2 Jp A} apigrometeds, preferably

about 5 micrometers, and a thickness of less than 1 micrometer. They can be produced by

techniqlies well known in the art by milling the corresponding metal powder with a lubricant,
which is frequently a fatty acid or fatty acid scaj). Thé starting powders are usually produé'ed
by chemical precipitation to obtain the desired particle size and degree of purity. The flakes
are sold for electronic applications as constituents of thick film inks and silver-loaded
conduétive epoxies, as mentioﬁed above. -'Figures 1a and 1b show Scanning Electron
Micrographs of copper and silver flakes, respectively, which are used. - |

In the compositions of the presér_xt invention, the flakes perform several functions.

They form a skeleton structure in the printed image which holds the other ingredients together

12



shown in Flgure 2a. This is a copper powder produced by evaporatlng coppe
met.al. 1 nto 4RresdsEes Where it condensed into particles of thePGEAISPHLE23¢ 2

In this case, however, the individual particles were totally agglonerated
into | arge aggregates with a rigid skeletal structure which prevented
consol i dation of the mxtures nade w th the powder. Fi gure 2b shows
“a TEM of cgid prediéts Rist yfresqiatidn whenstheuritture in hedtewto cotedhdheflalés @urally

o e stsmmed e e e ot S phich PRy iR P RetRUShnRlee 5 P ER" oo
tenper at ur gt LoM 300l @ KOArABILLME shbstrikang m&hﬁm@km legdentigs Ul t S

W th various copper powders are shown i'n Table 1.

Table |  amofhtenfimetaldtansmst necessanyyto aﬁue\mh@wwowhéatﬁ%%ﬁrmﬁal@n@?ﬁ?fé
Powder Size I

M nut es which are the obme of thg 19\éennon They als-g eS| Se?lo\“ o &fe[vérpﬁai Qﬁ'fages

Fl ake only o whichthé 6tBBEdoRktituents of the comﬁdkmon can bond amrmrwhlch metal can be Powder
1 - 0.5 mcroneter agglonerated 7 good Powder 2 0.2

m cr orret er depgsitedrer at ed 5 good _ Powder 3 <0.1°

m cromet er der mig@RE nstituent of the present invention are colloidal or
13 W0 o5 pige tebhlic powder ° P

PCT/ US97/ 16@Boolloidal powders Rothalidthesers below [fl0ewaemeterstEhefenlloidaliotisagiee of

di spersion o oIIo .5 2588 0] So
that they 6’8{{ d@%éﬁé‘f”%%m*’w Rresentin 2 oqufo? WY é@&t%%@?@%ﬂ%ﬁ&ﬂe%&ﬁ |
stabilized pBWdEmlﬁﬁ:es mﬁﬁnﬂF f@muﬁbﬁﬁfeﬁpowmab tmnmﬁmeumpamufmwmh the |
particles and prevented netal -to-netal coptact. This favorﬁgchem cal

preci pi t at ifmeampositinnaall epnsphidaleci nearty selidRyReEICEL condueiors: § PEESFRcp of fine
exposed to &?a%lgﬁw&f’m%n Yduhg '&F]B’é APl R aRing BRULN Mﬁ&ﬁ&g&ogra@ssg Yitht 0

final cons e Reactive Organic Medium ( provi des
t he envi r onileatandressentialtio theeonsatidatigroefhepperintixtwres. i s bonded toget her to

Functfon 2t he TRENPPHASkHSN EREoRes PR phlocRt MBuFoRaiBetRmarT

renders t h%safsesﬁgr ﬁddn&y tdigldnhete ﬁlﬁuegglegatmtﬁmmpenakﬂetaﬂsmmrbas net al
via a hetero-atom Th

e hetero-atons ca be 0X ni trogen, sulf .
phosphor oushownde Figure 24 L Bisiis# FoRRST BY quaB T ﬁﬁ%ﬁfm’ ?gfné? msty
oxygen, nitroQ3Rrdk ¢ ééﬁmtd-lﬁhﬁlciegﬁﬂtﬂe%emks@ie hei cﬁit‘?h&ﬂékfb? the indivigudl he

organi c noiety toget and Ccan be thermally broken tq dep03|t the net
| n nost casmudltmwcremlﬂloﬁg@@nm i arge aa%eaamwbr@aé F’EFI‘??F s(?i“ﬁE’Fe WPE; n| C

prevented consolidation of the mixtures made with the powder

- Figure 2b shows a TEM of colloidal silver partlcles with a nominal diameter of 20
nanometers in an excellent state of dlspersmn This material has been used in silver
compositions and has lowered the critical consolidation temperature from 300 to 260 degrees

C. These results and similar results with various copper powders are shown in Table 1.

Tablel
Electrlcal Resxstmty and Adhesion as a Functlon of Copper Powder Size

Treated at355°C for 3 minutes -

T Resmturlty “TTape test :

Powder. | Size i, S

Flake only | 5x1 mlcrometer : 24 " | poor
Powder1 | 0.5 micrometer agglomerated |7. = = |good -
Powder2 | 0.2 micrometer agglomerated |5 good
Powder3 | <0.1 micrometer = = 4.5 _jgood
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residue can react with netal to reformthe met al | o- organic corrpound as
shown schenaWﬂ:%?Wlﬁbel oW R M [RETVSI7A6226
where Ris a reactive organic corrpound and Mis the netal . Exanpl es of
such conmpounds are soaps of carboxylic acids, in which the hetero-atomis
oxygen; am no conpounds, in which the hetero- atom IS nltrogen and mercapto
conpounds, in which fhe hetero-atomis sul fur ﬁCIfIC?e anpl es of

preferred ROV cdischieteaadprasesve e esarﬁﬂé};mefdamea%o'hqf&° Bondi ng

metallic sQanstsifito SRBHEE Qaftichésist 1 thegcirfdy b m fhedadetbfd dilved | ver
and copper, such as. silver neodecanoaté illusira ed by the fornul a: tJ;‘err]

v\/ner e Rler rp]amql{séhq}q werg§tabitized by tharpgesggqgrqf pp[lré'aqtqnt which coated the surface of
PeT/ Uso7/ 1 6FSIEs 4 Brbvented metalto:metal cqntact, This favors chymical precipitation as g means

formul a:  of producing the pc{vairers], since théia tah I&mxpeseﬁ{ehmmvxﬂoamamam& pomartesex anpl e

of a nitrogen.co
gtabllfzatqg om formatmn]to final consohdatlon

The Reactive Organic Medium (ROM) provides the environment in which the metal
powder mixture is bonded together to. form well-consolidated conductors Many classes of
organic compounds can function as the ROM. The common charactensuc which they share
and which renders them effective i is that they hav_e, or can form, a bond to the metal viaa
hetero-atom. The hetero-atoms can be éxyg'eﬁ,pitrogen, sulfur, phosphorous, arsenic, '
selenium and other nonmetallic eleménts, preférab_ly oxygen, nitrogen 6r_ sulfur. This bond is
weaker than the bonds holding the organic moiety together, and can be therméﬂy broken to
deposit the metal. In most cases the r:acﬁdn is revers_ible, S0 thaf the apid-br other organic
residué can react with metal to reform the metéllofbrgaxxic compound, as shown schematically

below:

R-M &R + M

where R is a reactive organic compound and M is the metal. '

Examples of such compounds are soaps of carboxylic acids, in which the hetero-atom is
oxygen; amino compounds, in whlch the hetero-atom is mtrogen, and mercapto compounds,
in Whlch the hetero-atom is sulfur.

. Specific examples of prefen'ed ROM constxtuents are the carboxylxc aclds and the
correspondlng metallic soaps of neodeca.nom acid and 2-ethyl hexanoic acxd with silver and
copper, such as. silver neodecanoate 1llustrated by the formula:

R1
Ag-0-C- C Ry
Ry )
~whereR;, Ry, andR 3 are CgI__-I_ig-
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Gol d am ne 2-ethyl hexanoate (gold am ne. octoate) ' Col d t - dodecyl
mer capti de i'Wo98/33%3pl e of a sul fur conpound: [err] . Wh ePET/RBY7X6236,
Rlerr],and Rerr] are (Jerr]Herr] .~ These ROM conpositions can be
made by methods well known in the art. Al of the above conpounds are
capabl e of deconposition to the respective netals at relatively | ow
t enper at ur & sivgr 2wyl ?’?W@?teﬁ%ﬂ’g‘é%%?ﬂ)@f;@em ‘| ver 2-et-hyl hexanoate
(silver octoate), the deconposition tenperature is between 200 and
250[err] C . For the cOrFponding copper conmpounds, it i'5s between 300 and
315 C. Cold sul fides fledonpose at “very |ow tenperatures in the nei ghborhood
of 150[err]C . BgtO -+ 0¥ oC3ldat e deconposes between .300 and 500[err]C .
The copper and silver conpounds can 'be refornmed fromthe correspondi ng
acids at the sane tenperature, so the .reaction is reversible, as nentioned
above. Gold amigpe 2esthyd hexarionteiis arcexampls efiatnitrogeacdompound.ogy - enhanci ng.
conpounds well known in the art to inprove B_Pe printing characteristics of
t he conpositions of the invention. Al pha- t l_.pi neol -has been used to reduce
the viscosity of cop il ver gorpositions to facilitate screen
printing. Al pha-terpi féI gqu;o par.tﬁégga% 1\?h\t.he consol i dation reaction
by virtue of the ac chaPacter of the @H groupCEbnd_ed to an unsaturated
ring. By selegbing- tigluents \\ // . .
WD 98/ 37133 ' i S AR ' .
PCT/ US97/ 16226 - and addp,ti ves, it has ;NGV'érp ossi bl e to produce a range
of printable conposi ChHsC=ngi ng-fromfluid i r$€2m5t h a viscosity of 15
centipoise to solid powders. . - Conpositions of this invention have
been applied by screening, stenciling, gravure printing, dispensing, ink
jet printing an§olanizacraty! heanapelgaid apineastastali th a dry powder |
conposition or toner. Screening, as used in applying conventional thick
fil m pastes hasGobttdadeeyl meycaptids issansixample of asulfuraoznponnd:sanpl 'es f or
eval uation. A conposition with a viscosity of .approxi mately 500 poise is
forced through a fine screen with a photo-defined open inage

Au-S-(':-Rz

R3

15

where R;, Ry, and Rj3 are Cll.H_23.-.

~ These ROM compositions can be made by methods well known in the art. All of the.
above compounds are capable of décompdsitibn to the respective metals at relatively low
temperanues. For the silver neodecanoate and silver 2-ethyl hexanoate (sil#er octoate), the
decompositioh temperature is between 200 and 250°C . For the corresponding copper
compounds, it is between 300 and 315 C. Gold sulfides .decoinpose at very low températures _
in the neighborhood of 150°C . Gold amine octoate decomposes b'étween 300 and 500°C. '. _
The copper and silver compounds can b§ reformed from the coiresponding_ 5.cid_s é_tt the same

temperature, so the reaction is rqﬁersible, as mentioned above. _ _

In some cases it is convenient to add rheology-enhancing compounds well known in
the art to improve the printing characteristics. of the compositions of the invention. Alpha-
terpineol has been used to reduce the viscbsity of copper and silver compdéitions to facilitate
screen printing. Alpha-terpineol also participates in.the consolidation reaction by virtue of
the acid character of the OH group bonded. to an unsaturated ring. By selecting constituents
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of the desired conductor pattern in it by a rubber squeegee. The resolutionh
whi ch has bwerssaetsseved by this method is approxi mately 125 RCIEHITREAR, | )
|.i nes and spaces, although production screen printers can achi eve patterns
as fine as 50 microns. Conductive traces with thicknesses up to 50 m crons
have been printed, though nost of the test patterns qave been in the

nei ghbor hoodadditives, ithas preyen msgikle'tmmc%ra@amf/m © EFRASHIPIS GRS of
copper pe@%ﬂéﬁfdﬁgﬂm a viscosi °f1§9§f?1’2§gﬁ‘§§°fd§’|°‘”de“ﬂ eferred substrat _es_

i ncl ude pe Sed Substrates. su - ass reinforced epoxy
| ami nate and c@ungbsitiohy bfithisdn¥ention hiverbesn bpplied by spreening, stenciliag,grevure

conposi tions, because of, their. high curing tenperature, .are.linited to

t he coat e@%&imﬁg’ﬁgeéwmé’ﬂgﬁﬂ?mﬁﬂ aﬁ'ﬁ%‘f’f ere %%‘P’é’rpﬁ}g? g-i m de
films, alt Btibd by, S&eifing, As 853X ¥HISIPing lconveRtion:d Mhiclofiln papss buebEn! .
The reasor?gﬁl?g%lﬁéébﬁﬁesi on is dependen@ﬁglr?gtche chem cal,-_na_tﬂre of t.he
surface andedmost extensively for praparing samples for evalugtione A<CARPOSIHEN Yib @ VAFRELY on.

This can be inherent, i LS 11l f Yy i : : be in
many epoxidePPnEaty 80 baSe SIGEE duehla ilSsorth b 01 horPA Geriniage

power f U: | |>bftﬂ‘ib d%tﬁi&e@wﬂdact%pate?xfin_it b;omgtbnglhqu?qgemmasstoﬁmn“?nniﬂtﬁsbneﬁ hﬁ'
original |anm natjion, process. IS po .e appl.y- mat er s.of his

i nvention @B‘eﬁ%bk‘ihb%m@?“’é F?eappm&é‘i%%ﬁ%& E’%S{h,xesaaﬁ'gls?acgﬁ(ihﬁ@f‘ghpat tern
to the ot b redfp ) b htferfiPasHHR 26 50 Mitonsl Condade tfacdsheith '
adhesi on Q@{%‘}%\"}gﬁ % on I?fgﬁggg%vg?ge. e The olrlg%ni c.adﬁes?ve can be

ei ther t hethivispdssestipdo §0 mikwmsrbavetbermprinte aush regst ofthe Fosf HRCEY bR¥LbesBaR
e R b R e

FEP Tefl on e surface ts an to the neta aces

deposi t ed dayarelfeot. 16

WD 98/ 37133 S - _ _

PCT/ US97/ 16226 . present process. Kapton KJ filnms have a surface coating
of low glass transition point polyimde which can be softened to bond the
present conpositions in the tenperature range of 220 to 350[err]C. .

Pol yam ¢ acid coatings can be netallized with these conpositions and cured
to polyim _deﬁhg&g&%ri ¢ which insul ates and bonds .t he conductors thus
fornmed. Phot O0I'mageabl e epoxy-acryl ate surfaces provide excel | ent adhesion
after curing. Preferred sGbstrates inohrdepslymenibasedsnbsiiates suchms/ ER-¢ glassreinfprcgd
organi ¢ deco sition conpound w.ll .adhere, to silv I 1] -
copper sur ?Ri’ggga”&“atle@“a ﬁé@%‘y&ﬁmﬂ? @@’%r %{Weﬁ?od%olsg{og gl%ﬁgrpér&%f&eogﬁgﬁ * such

as benzot r p@ah T thed higkdr ciRRPRaipeiaQits, sedlihitedrorthe centaiqlyimidesBestedor
compounds would not adhere to bare polyimide films, although films treated in an oxygen

plasma show some improvement. The reason is that adhesion is.dependent on the chemical
nature of the sﬁrface and some form of organic adhesive is necessary for good adhesion. This
can be inherent in the chemistry of the surface as it appears to be m many epoxies. The silver
compositions of this invention will adhere pov_verﬁﬂly to FR-_4_ surfaces, even though the
epoxy has been cured in the original lamination _ﬁ_rpcess, Itis possible to apply the materials
of his invention to one side of the la:nihafé, 6vén cure it, _app}y'anothglj pattern to the other
side,. and cure again with no appreciable debreéée in the adhesion achievable on the second
side. ' _' ) '
 The organic adhesive can be either themioplaétic or thermosetting. DuPont lKapton®
FN which has been extensively used in developing the present composjtiohs has a coating of

" FEP Teflon® on the surface which melté and bonds to the metal traces deposited by the
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other acids,will also stick to bare copper. Copper conpounds contai ning
acids wi 'l WEnhe/3e33. to bare copper:: The: adhesi on neasured i NPOTMUSIVERLE on
vari ous netal and substrate conbinations is sumarized in the acconpanying
tabl e. Curing Process and the Critical Tenperature for Consolidation
When the netal |l o-organi c deconposjtion conpound or the acid fromwhich it

i s f or med PreseqyiBregesiiltaptan@Kifiims have pcurfasncoating of law glass transifiovpeint
constitue : hi [ ' Ls tad n
ppr opr | aP S VTR VAIDECan )8 Encdlt bBh th'pfesint BrbiiBhotin o BmipBiElze e
deconposi of 320 tee3ffiiCat Bekyamic acirbcoatingd dan-bemymailizedowittptheseconmpositians amh t akes

| whi ch_riesulis in & he sudden.consol idat | f the | egat ed
etal conShrp e Pl ke el ms e uf R At Bond g tongpetnrs Rt St e
el ect ri calphbRimagdablelepoxySaciaic airfitaaprsvaie Moellad hdtebiof aftsSou@g! | ons of -

traces which have been heated tq deconpose the netal|o-organi ¢ conpound but
bel ow t he cri t iSEAFT qampositigns eantaining elythe metally orgapic3ieqompesitiarpgempound 3 b

for silver,f . peLi ' Ll ve r.i s shown
as 10 and%‘?@%&%&?ﬁ@%&ggﬁ lr’%ide&?gélastq%s%ﬁ'ﬁeﬂl{;sﬁec??ééleéﬁéw%é amfc_l akes
and powdesokler protctrat s@h as bérzbtriacines Silvercongpokitiohs\dontainif neddecardidicid o € of
t he unheated mxture., .. Wien.the traces . are heated above the critical
t enper at uPE*r ?‘Hé? gﬂf also,stik;to b?‘@ﬁf’ﬂ""ﬂe@?@&% EOpPUDS CONAIRIGE a¢ids Wil pond yell 5
dramati c i§B4r8d6Sper THEHINSMICREasGRAGS buﬂ'téisr&mﬁbuﬂﬁe&mmﬂﬁﬁé ~and the
appear ance of the deposits changes; as shown in Figures 4 a, and c. Here
copper, sicombinatiorp igsugmerizad in ke srgompiwing tablst ed above the critical
tenperature, and the netal flake and powder ‘has consolidated into a bonded
network of solid nmetal. In Figure 4a the copper trace is at 10 and the

Kapt on: FN suBeringProeess 424 tHeChtical'Fendpdrature fori Comolidatiasi t i s shown at * 20.
The sanple is %énetgeglo i.ts sur.fgce shqws at 16 ahe substt;ioz;}le at 14 and-t he

edge of etallo-organic decomposition compound or the acid which it s\

98/ 37133  formed is mixed with the metal flake and colloidal metal powder constituents described . -
PCT/US97/ 16226 the deposit at 18 Figure 4c is at a |ower magnification
so that tRRovsepaRted agp plativslythindayeronan spprppriste substrpies andiheated t@2 critieal t he
FEP Tef | ogehay¥af Bbyethe A0mafsiti d | i f‘éggfér [ r..copper.
and sil ver ﬁt ures _‘i’sélseho%h | nltllgflé%n?%esfltgge %lt%é%g@l?h 0 _tf%;cng’gggé’%r aces
wer e scr eesactiomtakes pags whick rdselty intthsswiden baisolidation bfthe lodselyaiggtegated tetalr €

for 60 se - oL, Co r d d) t.he critical .t erature.i's in excess
of 300[ er r%?%?i?ue'nlf:s e lgegﬁg 8@%?1’?‘5%{3&%‘)&%@%%%‘5’5“3‘%?8‘1 §§8 sy, '
resi stivi Syamiing BlectrormMiogtastperobyseatidraOf acddiwhiéiDhdve beeniidatid thab&tple
m cr oohm ¢m -Tgﬁ?‘b“' k.resistivity of copper is 1.7 mcroohmcm At the sane
t enper at ufl® Wt _‘PEH?‘-’PWQ"W@%‘F‘%‘?‘F&PW@F SHtcal treneratyrs i hawndn Sigares afasft t he
traces iﬁgéﬁé@ 818 ehysiF b Blnire 176191 j Brd L Lde i : ' ner ent
as neasure bymg‘?eas#iﬂnségt he san%%eg%ecg‘gﬂ?gg?ﬁgﬁ%?%é%drvg%%ggr&?@m%?@;otch

Tape the sahihiedERKeaniomsubsizate st 12. The individual metal flakes and powder particles can

still be Seen in both SEMs, much like a picture of the ﬁp_heated mixture. .

When the traces are heated abgve the critical température,‘ thére is a' very rapid.
decrease in electrical resistivity, a dramatic increase in mechanical cohesive strength of the
deposit and the appearance of the deposits changes, as shown in Figures 4 a,b and c. Here
t:opper,_ silver and goid mixtures have been heated above the criticé’l temperature, and the
metal flake and powder has consolidated into a bonded network of solid 'm.etal. In Figure 4a |
the copper trace is at 10 and the Kapton FN substrate at 12. In Figure 4 b the silver d_eposi_t is
shown at 20. The sample is tilted so its surface shows at 16 the substrate at 14 and the edge of
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enough to survive a sharp 180 degree crease in the 75 mcron (3 mI
substrate fOY988@H3Dy tape testing: The crease test i's equi vaPERUS G&?P
el ongation of the netal trace of 17% The tape test is equivalent to an
adhesi on of approxi mately 10 Newtons/cm (6 | b per |ineal indh) Heating to

till high th t ht |

T o BB ORER 2856 B R P e e i SR el e
as dramat | ol?ﬁan%ﬁbsﬁ@MszﬂBthEFEP%ﬂbﬁl rat B4 @48 36, poor | y- consol i dated -
mat-eri al ich is eang ragmented to a_ ductil e netal |seuaIIy shar

The critical tehpeemtica 24P £ ePRRsr and siprppmixtpgesis shown in Figyres é1ae€ ical
resistivi ti’txﬁgthrcﬁs%g %ﬁc&%g&r&ﬂe@%ﬁtﬁ m?{oitsﬁﬁ&a@%fhﬁﬁgt the 'c%hgﬁgeﬁ%p

tenperature rn various tines ure
silver ‘i n fdr@0rsecdnds. Fdrtcoppm (dnd gokB rthe haicahtedapamatre 13 1demessaeé300ﬁc It can

re5|st|V|t occurs,ipn a f nds,, at erature oII |n t ase of
copper gﬁ é{mé’ Sggl?‘i‘*qgﬁ% 6 W@W&Bﬁi}? traces dro @"smr ?I?ﬁ)o Ofhi s
very r apl dvaeevew W nitkodheRéh YTHeHUBO ka8 o BRper iPRY mlsﬂébmmn tathearly
solid netal at tenperatures | ess than half “the nmelting point of the bulk

netal whi csamet@mperamreet whish thesssistivityipensitheomechpnisal prepegiiescaf thyf tracee
critical r%%ggﬁ chaﬁ | leg%ﬁﬁg%ﬂ&?e a§d§ \A%@ xBEasﬁ]r erSr'e df | ake

pl us neodec ol C opper e pre _
enbodi ment crbsihi ﬂaersan@les Tandl pudhﬂg thetraeasofEwith Seotclei‘apetthvsﬁnyplm‘ bdcoms duttila 10

m croohmcm i n_ appr oxi nat el 0 seconds .a t erat re,.. xt flake -
o ¢ Fhopen b By i 18D Gees Sese i e Rt e ughds BSwad who
i croohm cggps Ité&lhglrm&rwé YEIEis eélmrﬂ&tftd) Lﬂblﬁﬁ%ﬂﬁ@ﬁ o e RSetdl radbb£17% hmamﬁel

fl akes are not well-bonded. Simlarly, he.m xture contains netal
f | ake pl us tesbisieapivalentioraniadhasiqact approximataly 49 Mewrrns/can(6iTh aet lingal inel) ed

PCT / USQ?)ADg%%&gtJO?%H(}H %%F eranluﬁs % caegséeso eieﬁlgmflga(?tl eghﬂ?,ganl ¢ nedium the
resistivity is ﬁonsﬂmdhm(hecmassmlrésumwtymﬂ)akeeesqihgtemperattﬁnsmosas graoiatic as '
Met al | o- Or gapi osition ip the Prese of Ve It is
bel | eved + R GPESPLBR Ry n BobrymsrHy Sopspine fristel BEFREF e RoM and
net al powd@hagmenst ikd & Gidtie Mktal RRqeANyRaM! TROGItRRE] tefpératuiy/is raiapxemnmelgh

pronot es cagnsol i dati on. The evidence for this is tw fold 1)
The consol 288G on of the netal powder to .a solid metal ‘conductor is _-
extremely 1 api dihe electricalbsidity o RaGsdAkd &1k RfmpbAfurd Bk tRAMIRA 10 3 sol i d
metal conductor occurs at a nuch |ower tenperattre than conventi onal

sintering temparauteda vgmusdlmua*hom fet@@P#mDrﬁM@ 6l apd farsilver laﬁgpweaﬁ:b ilted
in the powdel  MEleflmdt AMRRAE d38ade T bt Giuls'sh TSk SELRON: CerhPiitile] Y

followed in the case of copper by further consolidation over a period of a few minutes. It is
this very rapid conversion of poorly consolidated metai particulates to nearly solid metal at
temperatures less than half the melting point of the bulk metal which constitutes the present
invention. The influence of the critical ingredients cen be seen in Figure 6 a. A mixture of
copper flake plus neodecanoic acid plus colloidal copper powder per the preferred _
embodiment of the present invention achieves a resistivity of Iess than 10 m1croohm-cm m
approximately 10 seconds at temperature. A mixture of flake and_acxd only aehreves some
reduction in resistivity but only to 25-100 microohm cm similar to polymer thick film
compositions in which the metal ﬂakes are not well-bonded. Similarly, when the mixture

contains metal flake plus colloidal metal .pdw_der plus tetradecane, an inert saturated- -
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The results.shown in Figure 5 a and Figure 5 b along with Figure 6 a and
Figure 6 b dUOI9§/3Wé§ possi bly be produced by conventional -si ntBGEAP706235
conventional thick filmtechnology. Sintering is a tinme-tenperature process
in which necks form between particles in contact which grow by bulk solid

diff t t h ticl t f d lid
et ol body IHRESEOE: PLRlf HOPIE GrEB RGPy TS FOREYLY SoP BbRior of
45- 60 Kcal /Jgpiftidadi&Prakedpldédrol e) for copper, silver and gold.. Typically

copper is sintered at 650[err]C to 900[err] C, and sintering t|'rres range
fromm nut es to hours at pressures of tons per square ‘i nch. (. .Handbook of

Powder nc. NY,

NY, p 164- %&m@@#ﬁeﬁ] ?;Hﬁ@ Econﬁdesirtlmgiﬁrﬂng gk‘?@%@c an éeagle’%g%'tsed to be
| oner than that tatsMwmammwmwmtxetmmmmmmmwﬁﬁtmm}C
by a factor of_ seventy mII|on

7 A ten 0Cess 8.50[err]
Cuf'11 % akporelspoqeameniof Segoamopitens o this iverton Wiy PrUHET SO ¢ he
conposi tions of fh& vﬂ%e?xﬁ@fgrﬂhgiéet:%'tﬁﬂ consol idate as rapidly as they do at
a tenperature conpatible with polymer based substrates. It may be .that the
finely divided nitRie consadidatorhefithe metal gtbmderwasdubnletabmyiu@tnm eserkelyet al |
and in the R%enw ronment in which it is processed, it-is free of surface
| ayers whi ciPfoul d inhibit netal -to-netal contact and consolidation.
19 WO 98/ 37#)3fhe consolidation of the metal powder to a solid metal conductor occurs at a much

PCT/.US97/ 16226 - The surface energy of the nobl e n% tals is as
foll ows lower tempeyature 1}@}’(3’0@}"{3%‘0“ ﬁ{ftfﬁ’-’ﬂgt 10 11991%‘{ TRY tel objects fr°m,!(§f"al 1140

ergs. G#ch{e?sr bd ?ratc',‘@gehe?ﬁ fHeDowder metal Mdus ﬁ{&ﬁrck%eeqéchomcmﬁ%try

[err]C (Chemstry. D nensi ons- Surf ac G A. Sonorjal, Corne
Uni versity PressThereggdts)shownin Exgpweﬁr a amﬁlgméslsalgng wab @@meﬁ gyndFigurd6b

nanonmet er particle ouar t he 680 _ a to the

activation ?ngptofﬁ“ HL?FIPr%PuF?A% convsxfn%gs'ﬁ%ﬁ conv : uoggﬂgl {rt seem

lt) haL Ie\léen Cteéﬂxﬁldg@rl Sinedirig 1§@uhﬁ-thayﬁaﬁr@pxghess iﬂ\fvhmli neaerfg:yn haweenﬁarhd:ldeine
y bu

contact which grow by bulk solid diffusion until the ongma.l partlcle compact is transformed -
| into a solid metal body. The activation energy for bulk diffusion is of the order of 45-60
Kcal/mole (180-250 J/mole) for copper, silver and gold. ’I_‘irpically ee'pper is sintered at 650°C
to 900° C, and sintering times ratrge from minutes to hours at -pressﬁres"o'f tons per square o
inch.( Handbook of Powder Metallurgy, Henry H. Hausner, Ed.,, _Chernieal Publishing Co,
| Inc. NY, NY, p 164-167, (1973), The rate - of sinterir;g at 325° C can be expeeted to be lower
than that at the usual thick film einteﬁng temperature of 8_56°C by a factor of seventy million
(7 x 107). A ten minute process at 850° C Will take 1300 years at 325° C. |
It is not understood why the composmons of the present invention consohdate as
rapidly as they doata temperature compatrble W‘lth polymer-based substrates It may be that
the finely divided metal powders have a h1gher surface energy than bulk metal and in the
ROM environment in which it is processed itis ﬁee of surface layers whmh would 1nh1b1t

metal-to-metal contact and consolidation.-
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di f fusi on. Surface diffusion is knowmn to occur at nuch [ower = -
t enperat ureM@h&wlb‘:ﬂI k diffusion. A transition tenperature exPETAISHIS325 _
whi ch surface diffusion is rapid, and this tenperature is found empirically
to be approximately 1/3 the maltrng point in degrees K (Thin Film '
Deposition; Pripciples and Practices, .D. L. Spit MG aw Hi I l, 1995 p 170).
For silver thi S’Pﬁ?%ﬁ@ﬁ%ﬂ %P&ﬁﬁfﬂégilss‘sﬁ%u@”?’] C, so surface di ffusr on
could play a part at the tenperatures at which-consolidation is observed to
take place. It dis-difficult _however to_jnmagine how a surface process

coul d wel d t oge€her 167 engalam? Ve yidE¥Si vie fl akes which'constitute the bul k
of the nmetal ip the conpositions of this jnvention. . . ~ Anot her :

expl anati on fof Agh¢d@40 ergdiong’s ®@s 9073€C i n| t he ROM netal powder mi xtures,
the metal |l o-orjgani ¢ conpound deconposes di.rectly onto the preexisting netal
particles, wel dAQRg|tBeoEieaie® bpo27 °C . AgCoOC[err]H err] + Ag netal
[err] More Ag rretal [err] + organrcs[err] rather than by precipitation of

new met al ePn i %B%&n?:%ﬂs—@é&%{ e C. - SO, ombil bﬁthrs}tPP%s Fa98pt 1 mum

nmet al cont arge “enou equat’e ‘area t0 nuc

met al | o- or ¢ anrcd osi ti nbut S enough to.perm t he, net al
particles ?}' R¥r ?E?Sssas F?ﬂleﬁ%'p &ROW?IH&FTMFSY‘F@]b?"glgﬁchgh&?Wound
avai | abl e. 6mer/mbee>mﬁatmo KR! sativation Ry EstdRlk/diffusivn 6£256,000 Yndld. Itaieswor K,
preventing shri ntlzgage of the deposited: netal and spreadi.ng of the polten ROM

during decBhssemiha sveamealioidsl metahpomd h@wp%ghr ﬁ‘lffﬂi?cﬁne’éWftP ﬁmzspbr!ﬁte bxsbra
adhesr on a@lg%‘? aks in the traces.

' 37133

PCT [/ US97/ 16226 Surface d:ffusmt 18 ﬂmywmm odcurt atmhd@mrdenjmraipwstthamlb&ﬁc difidsidnt o

th t,i t ddi t I

e 0TS bR M NGRS s B ERL

provi di ng ﬁauﬁlﬂeh@irr%ﬂy\ctjmw qip;‘oyfﬂi\eteﬁdwf dRméltingpgint in depreed Kf (Thin hﬂx@h s;rrface
ener artic and edges ow surfac are cr n ces 0

- co_nsg?/i gat @W?@% &F“”B ‘i?’@gﬁ% g 2 %ﬁ&i 5535 F%@eg verthis * The

ability to éxt'iUntQ g&aﬁif-x'éis' 13%° 804d e &h’uﬁbﬁ cilié B{ag%?%ﬁ aPtheRérh fC“' t

boar ds has een sou many years ‘many.. peo I'Ted 1n the rel ated
arts. Thi swhicheohghiidatiomisobsaread to eake@llnwdt 1smﬁc®t,riwewrat¢smgmempma d Phase

i ok 11 (el RERcRRRREN e ety B bR RRE ARy e SR oSkl R Bl S

the metal in the compositions of tlus mvenuon :

Another explanation for these ﬁndmgs is that in the ROM-metal powder m.1xtures, the
metallo-organic compound decomposes dxrectly or_:to the preex:stmg metal partleles, weldmg
them together by: | '

AgCOOCgH19 + Agmetal = More Ag metald. + organich

rather than by precipitation of new metal parncles wh1ch then aggregate There is hkely to be
an optimum metal content large enough to prov1de adequate area to nucleate metallo-organic

| decomposmon but small enough to penmt bmdmg the metal partlcles to gether into a solid |
deposit with the metallo-organic compound avallable The preex1st1ng metal unquestlonably
provides a rigid framework, preventmg shnnkage of the depos1ted metal and spreadmg of the -
molten ROM during decomposmon wh1ch otherwise results in poor deﬁmtlon, poor adhesxon
and breaks in the traces. )
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| oaded epoxies.. None of . these rret hods produce traces V\:hl ch are the equal of
those based 80 8#¥RI8htional high tenperature thick fil m nateri RCINUSYTE6226
si npl e, rapld print-and-heat cycle as we do by the methods of this-

i nventi on. : The critical tenperature can be adJ usted by m xing

met-al | o-organi ¢ cons e nti one bove : d amne octoate
deconposes at teﬁ&f@‘ﬂé ‘Eﬁll!’é% Eﬁ"@d”g% feFngi t?mesc °§188n§1‘? sf‘BYenHQEaWth
- pol yner - bas gflafaeives g%&é@@gﬁ%%&@tl@&g% pgst other electronic .
conponents. Cold t-dodecyl nercaptide deconpoSes at approxi rrately ‘150[err] C

. This is too lo P?d vel yﬁ\‘t@dd(}) ubstrates of interest or -
‘Wi th added gold ‘ﬁgﬂ%ﬂgw oé}'k a"ﬁ"oa e %%ﬁnbggses at. about 120-154[err]C.
‘A mxture of gold am ne qctoate_ and gol 'd neodecanoate has_ heen used to

achi eve a dPryiding pmeshan vithe ROM ¢qn tipasnortapetal from dighsurigeaenergied i n
Exanpl e 6
o o R 8 iges 1 1oy k0oL ROl les b 506 0 MG

whi ch t he nbyal"bhenncajaveldmg'bpmeess“ent deconposes. Copper, however, requires
h f d
the.use of a pro gtaBiY m%pgg&ﬁalthgOSI iﬁ%&ic&&%&a%s”&{nﬂ:@ﬂe@ u&ﬂtﬁ% dsHisk de

which is the stable pr ron rnair rogen a nDsphere
cont ai ni ng bdughnfoatlmnyyékﬁs bgnnhaxmpeopﬁrrmnadahlthex‘ehm arte AThiS exyerienige igol ume

of oxygen has been und i tabl ure 7. Add n of
wat er y\%apor SYmMMAHzEe %’Sﬁﬁ‘tﬁﬁf&%gﬁfa“g’%‘ rsqum{e‘f@%’@g AR5 APPT9aG %%W ng
t he conduct Wdésgiegg id the séeawdtponanaends fitrs teeﬁncﬁbgy\ﬁasédlofslw&%a‘aed and carbon-

PCT/ US97/ 1630aded GPW%nNPHgOﬁh%é%@b@slmdvge tlmesmdm?b%@ thesayalgif thase based on

| nventi on Pal, %

thick filmft %‘é"ﬁﬁgﬁgy :sligl'&slﬁér&n JﬁIh!uﬂri]ﬁecgqﬂ%n on or a{"k’ é'ragd'cl)lre 43%{?;5 in
“pol yner adheesidody, the miethiods bf thigiioxemgon. t 0 make pri nt able m xtures These can.
be ‘applied to polyner.substrates an t te ures to.176/err] C
to create conducltl%lP 5?#2?“?&“ twecﬁ’éggﬁcﬁﬁseiﬁ%@ ?h W@msw“
past es ar e mhomea dbove, @romaxﬁxnaaetoabas&nwaestdtaémrﬁhrebug ttesomem%ﬁs%ces
Pol ymer %1 él ng is used to provide a conductive |ayer on polyner parts

such as des eqlm%wﬁ@,gnmaé Gpuitsubgrates| o8 aast ether eletiomin ng.
Again, carbegny gﬁné?i?st @ol@@&d&e@l?ﬁer@ipﬁd@ Héd&ﬂﬂa@?& a't Qpp?oﬁﬁiafeﬁy 950°@t Mfis BE@NI C

coating materi
low to bond effectively with the substrates of interest or with added gold flake. Gold

neodecanoate decomposes at about 120-154°C A mixture of gold amine octoate and gold

neodecanoate has been used to ach1eve a decomposmon temperature in the desxrable range as.
described in Example 6 cited below. _

| Both gold and silver mixtures can be heated in air since the elemental metals are the
stable form at the temperature at which the _t_neta’llo-orgahi_c constituent_decomposes. Copper,
“however, requires the use of a 'protect'ive atmosphere to prevent the forrhatioxt df eepper- oxide
wlnch 1s the stable product of decomposmon in air. A nitrogen atmosphere contaxmng less
than about 20 and most preferably less than 3 ppm by volume of oxygen has been found to be
sultable as shown in Flgure 7. Addition of water vapor in the amount of about 5% has proven

to be helpful in improving the cor_tductlwty of the resulting dep051ts as shown in Figure 8.
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Typically, the carbon coatings are substantially | ess electrically

~ conduct i-ng woassyise netal - based coat'i ngs. The best are sil vemmﬂlﬁnaded
- epoxi es which can have.resistivities as | ow as 50-60 m croohmcm

There are applications in which the etectrical conductivity achievable with
met al - | oadéd epoxies is not adequate.- -An exanple is in applying a

shi el di ng Rrinting {rocepses using thesGompositivns of thisdnventione the conductivity
of the shielding should be conparable to the wire. Another exanple is '
applications in which the one to two mil| thickness of -a pol yner thick film:

conduct or - |Spammmmpﬂmaﬂrpbmhermﬂmmge is to.achieve the thinnest
possi bl e conductor. This requires an electrical reS|st|V|ty conp ble to

1.6 m cr oohm crRolymerghick &ilm trchpelpgy Hes pxugRs of capons o eAl PAWHeTSET PRIl { he

conduct i vi t t e e?lmft g apl e

over timeR %ro C%\gﬁ%eés nltﬁgéreél stan 4bllt e a vg%tklétdlagtl}s %%%{dacts

- between t l}ﬁlymeﬁ subsitadds and bmed aﬁ‘demb&&nm WPpto Ji76%€ toloeentd d:mductonpmltemslmﬂtey

Mechanical stresses, anS|on an Oor r osi on ) l.a role in

“this degr SaWeVRY, that ﬂ“cp% E%sé"rﬁa“? ?Rpg‘ﬁﬁt%?m’ﬁﬂéags g%t‘%%’igtgl\?’é to

conventi ongly, e\ﬁg foyger thick f| I m conposi tions which can be-cured at a
ch a

tenperature pol yner - based. substrate can withstand, whil e provi d.| ng
an el ectrical dRelymenmetalliging dswegd dnprovide atmedqmwelamtfalp@meratartsemaSa

_factor of r h h

conposi 11 ek P RSt S oo b BREKER el R AL e efem(%%%if cles
pol yner swskﬁsp/&mdblyapwtwham@nic qoating inagripk ocess.

22 - WO 98/ 371

PCT/ US97/ 16226 1 ‘typically, the AgrooRycontipgs e 6‘Fbsbqn1“ﬁlﬁ3é’SFsed?Fé‘F%?an|°2’é‘l‘l°8ﬁgglﬁ‘ﬂﬁ%nds
i s that thpee) iR BsiHARa THBLA G aN 18 18Ricalchb 20 NIBh 64 Have RQstVRRS bb! ©

wth metal foil and very difficult with sputtered or evaporated. net al .

-~ Wre coatllng’aoaiﬁ-ﬁ%n@mélhe@nout conti-nuously i-n equi.;pment anal ogous to wire
enanel i ng tower t

el 630! O e e SRRk SR PR ol BRI WA

desired t doadkd epokiesvisaiot adeqghate. r}hcesatnple Bnn apnplymg laghielding @dting tocpalymerei t her

to repair msta 0, nt c 0 wi t hout
the. ox pensBeRRaH Ratf.ls iy oo prmBe g ot b it i Mkl Bedmipar Bt e Wity
do by convghéthersxamBRAR &p maﬁdzls@zubvarohyha@mo&xbsnhrmeﬁessuﬁa pélyaRs thidkner

. traces, as_they usual |¥, This invention provides a sinple and -

i nexpensi vBineandgetor robjsclionabley andtlie ohisaave is forchisve thethinpest Bessiiler cover | ay

g; . f\ ggger SBtictb TRIY reduitts & eREtrial Eﬁﬁlw&%@hp%bmél 5&&%%%:&%&& g d

the bulk resistivity of silver. Furthermore the conductmty of conventlonal polymer tlnck
film materials is not stable over time due to changes in the resistance of the adventitious
contacts between the individual silver ﬂakes which give them their conductivity. Mechanical
stresses, thermal expansion and corrosion can all play a role in this degradatlon.
The present invention provides an alternative to conventional polymer tlnck film
- compositions which. can be cured at a temperature whzch a polymer-based substrate can
i thhstand while providing an electncal conductmty comparable to the pure metal and at-
least a factor of ten greater than the best polymer tluck ﬁ]ms _ ' '
The compositions of this 1nvent10n may be applled to the adheswe-coated polymer

_ ‘substrates by any convenient prmtx_n_g process.
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circuits. Additional circuit traces connecting exposed netal contact pads
are -printed-woesBeipol yner surface and cured to solid netal byPCEHEHSIWE2260 a. .
tenperature whi'ch the polyner conponents can w thstand.: The method can also
be used to create new netal pads and to bond conponents to the existing -
pads to conplete the assenbly of the circuit. A hybrid technol ogy can be

enpl oyed i n whi &nadvpriegoeknrinable meiglizatiqnocoerounds isithat Sueqidimensional sbiestsyith

hi gh resol y.i. . i . ' : . Laki.pg and |
neat ng- ¢ ook BE pllided iR ot Biskple \AHFALAE Rl el Bt it spikfS of
schenat i calyaporstedngtale 9 a. .~ ‘The -heat treating process -i's done under
conditions very gsimlar to sol de%g% and in _simlar equignent. Additional
“cost savi ngs carnVBecoalmgicr je g CARGRYLORFTY 1R SAUIRFG ST ANRIPRRAUS 5O B ¢ aces -
and 'attach@ﬁaﬁ 18 toRRO ARk Smpib ' thid ShpREARMRS rehEdbdldw i ERAypE 18ddi ti onal .
material on 't ee fttachrrent pagls Tor fpﬁg conponent s towbe rmul?\lt ed on the
ctrcuit, placing the conponents-on the uncured nmaterial wth optional -
addi tion of i Liopal [ jal to.the conponents thenselves by printing or.
~di ppi ng, and 'ﬁbl‘i ?grﬂ'}?ga%{% assenbly to sinultaneously consolidate and
bond the additi @nglanyicase it i aekired erladdicfe®ifeain Gates té an Etisting printéd circhft, Shown
~in Figure 9Db .. To achieve the ultimate in high resqlution circuit
traces, thé&itherd sepajrymigtakes, da imeplemen ARanges oria sompleaihie deuen Withont the expense
sensi tive ' (Ondpi @ Rtfayey Birkifit. ﬁﬁ@@ikﬁ’&%ﬁt QB byR6HFentiBndr! 9 c.
A phot_osens%?%{l%@ga?gs?i s?ﬁ%r softgae}tryrrask_ ?‘s épp I e ?o tZe sur_.P_ace_o the

- circuit angasicplsiydviien théwacte sivsbuossathes traces] assbepdustelly de.Eésigventivnch can
\t?ve) \glg/r y372|3%?6vi3;:gea simple and _inexp_ensive method for printing additional traces over the polyn%ér

PﬁT/ Us9 7{ 1 @3?@1aydditegﬁbi mask \gﬁgﬁ is m@llss/efm'eehTtidn thdbe ﬂeuﬁhhlandmhgi@;ﬁimecs hing
t he unpol yneri zed,  unexpqQse materl a .away. Ihe 1 xXture of the,present

di scl osur e CHrEuiLsy Hiddite 1{9&‘!"&?9‘??&8?“%%?’%%05?5{] ra;_a'iglﬁmf_ tpadsgre IPFé'RE‘f PR thet
~traces. Co gléfeysﬂﬁéa}tsﬁrfmyanﬁ%u@d% %&heﬁﬂﬁheiﬁﬁ?% d fenfletur& Wnich m@mg&;

ke
circuit tr nd assenble the circuit sinmultaneously, as described above.
The ci r cui tcoinpongs cany withstand; Fhemethod canmsachre used totreate nesk metal padsaandrte and
compl etely Yerl ' der LR 0. i Ly
ool ubl o GOa Eapbs b the GiHng pafl 1o S0ludfehc BRRSclrBl orifle Lz tBa
conpound caechhelogpphn belemplopedinertiich oiphdtoresist ie dsedi to define the corinctos tratesweith ~
Printed Crcyit lnper Layers . . Most cont enpoy.ary. print circuits are
mul 11 1y er A8k TopO e R OO e DeROtAS GO EL G P e g0g BrAREdte and | he
bul k of t hepigir&dbfithit FAGLA. OHS phdtedsls NvsRRed sdhddfidally th¥igusd 98 are -
| am nat ed between the two surface layers to nmake the conpleted nultil ayer.
Inner |ayers ar &hsthsatireating process isdone undenvondibigys vary sinilar tq spjdaring #pd in ’
conventi on ' il S0 S8, . Q&Fh Jy i Lok e i nner
| ayer subs?s’lgle |ishﬁ'3| m'%hr toag%r%\egeaﬁltn%%na ﬁeglgeﬁ?g%?g{r}%neééﬂg%ﬁnf - 4 '
mat eri-al butkossonsn tiabésrand attachimeenho fiomponenss. thisis accofplisheddiyqwinting @dditionati t ed

by the fac tmgtgr?gl onttheI Bttad n\égtr};[alcig B3 Lchetc%mlf)%ger}ts% ble%'xgurn%edo c];n tgle Bitcui %Parc}ncg the

components on the uncured material with optional addition of additional material to the
components themselves by printing or'dipping, and heat treating the assembly to |
* simultaneously consolidate and bond the additional traces and bond the componénts’ tothe -
" circuit, as shown in Figure 9b - © | |
: To achieve the ultimate in high resolution circuit traces, the presently disclosed
technology can be combined with photo sensitive materials to create a hybrid-technology, as
- shown in ?igu;e 9c. A photosenéitive Tesist o_f s_older- mask is applied to the surface of the .

circuit and exposed to the desired 'p_éttem of conductor traces, which can be very fine. The . -
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to avoid sgﬂgle strands of glass going fromside to side and_actin
~ potenti al P#3MdPY cuit paths. The epoxy-glass is |aninated FGT@§5§H$§tO|

on-one or both sides to provi de the el ectrical conductors to be devel oped
by etchlng and/or plating. - To produce a finished inner layer, the.

copper cl a es] ith a
i ggl d resrs l?%%ﬁag@ﬂsecgdnenbgdﬁn{}gégﬁaf LPﬁ’raw 0 %@W‘f‘?"%&%ﬁiﬁ‘@d

pol ymer i z:atetisl awenyi The nmttuneh}f ke pneseﬂﬂ dxsclasmas amihedhgmdn;mgrbn(dm blabiveg
unexposed resi,st.is. reno ustic._or solﬁzn %va tQ devel op a

oD e it i the ofBit MM POl Tt RARIAE o BAAfHEe]

the ex ID0Sl?ﬂ:e@&RP&Eerh@le|t19@éiﬁ:uﬁ'sfr§trltahe&is@0§s3dd§éﬁ3eﬁ(‘ab% lT}ie Ex?&ixﬁs h@di'n‘éﬁ'teﬂs
stripped by strong caustic. An alternative method is to el ectroplate copper

fol | owed -imyantoven qgneqhdpes thetmiztyre ansd commistelst pobyppesizes the rasjst oreoldss| yer

Tl shed Hafplh B)BetE AR S5baH Ad MRl RORS sl Bkl mask ox oting e
the stackconisbunil tiin beiygilied av/protecsthe Ginished cifopitépthegisualiwagh i s, again, two

| ayers of glass cloth inpregnated with B-stage epoxy resin. The stack S
then cured in a |amnating press typi caIIy at 400 psi, 350[err]F for an

“hour . dtenmg&m“ﬁrﬁggrL@&ged to renove entral ned alr and inprove
quality. ' 24 . - WO

98/ 37133 ~ Most contemporary pnnted circuits are multﬂayers with attachment pads for

" PCT/ US97/.16226 - . e du0| nne IS, |

time- consfﬂwl?toélegtﬁgn&ep% r%gg?eb Wﬁ?‘é’g‘f cog%e ‘?’H&%‘%WS "$1. 00
per squar Ehd atér aramhlhiitEd betweétﬁﬂhemo mrme $fyetso aRE themgmpteﬁed mumltte_/er
exposure._ The, cost of 8gr foil ated. to. the su z:tﬂéat e?ﬁé t he.

order of Renls Ye’§6{?étr% fmolpgy gs quier dgyersANe | opnent:
step S GiiPafQukE si&d%ﬂtdarvﬁﬁﬂg Seara g ttﬁiéﬂavasshssuatm seighgiy Step

suffers fromthe sane prob aS does the resist Strl'ﬁwltng process - There
Care nunermmﬁﬂr@m}e%ﬁr&miorﬁmsymmé@muéhm deahont hed

separat el ool Brbleor 88 ey BIE Y BLOBGiGhANS ok itayeck BEVSHY sl d° 11

t he 'S appr oxi na er circuits “nore
I ayer s Ny to mm dingle stemds Ioﬁglassrgmhg;ﬁmm Bidefto. sn:lelemd dchipg as;pmtsntal shqrbmmnpens e.

Tot al prod nin approxijately a .bil l.i.o uar e, feet -of
i nner | ayB él?’ y-gasslslatmnaﬁpeto ﬁf”bﬂ c nl?fﬂ'bﬁg 32?& %?Tthfhl s
lnVentlOnelleaﬂbﬂ%n&ﬁvt&st‘&M@&obeﬁwét&nﬁgﬁndmt;ﬂatﬁf nt - and- heat techni que
whi ch can produce ‘inner |ayers very rapidly and véery economically. The

i nner | ayer ‘maid@Pprogduce 3 figished ipnen eeﬁébecqwmlebs‘&ﬁfaatﬁeémmeéﬂea dﬂhﬁ% o-.v.en S

10 CONVET beslsPG: oMRASKHPa fi ﬁ@ﬁl& Wstst. PR Wb Rpdiseq 16 ErBlioflt Afhe S Y&ERIA" € 1 hen

| am nat ed e .usua greater : con m-es and hi gher
pr oduct i opolyederige theesist,omicle tsaxsuaihtarmcmlmenpoxnemattMeJ Bt unexposed resishisous web

f sub b K h
! nor " oo RS <otk 58Sy ey ech Bpepld R AP Bl
thi's appl cemeitedto difchithi bypstehiing Hgayths eRiosediCoppectoedve ghctﬁﬂsableﬂbmtﬁlhyo

‘Ink jet prinpting.and electrostatic prjnting at hi e candi dat es'
Fol I ow ngreshséwsq,qhﬁs stﬁgpgq@pstropﬁ gayste. f.lgergatwe meﬂ%la S1o ¢ e? ate copper

followed by tin-lead etch resist on the exposed copper, stnp the polymer resist and etch away
the unprotected original copper foil. - _ : ' _ _

‘The finished inner layers are stacked wﬂ:h the outer layers on the outsxde of the stack
and with mterleavmg sheets of "prepreg” wh1ch is, again, two layers of glass cloth .
impregnated w1th B-stage epoxy resin. 'I'he stack is then cured i ina lammatmg press typlcally
at 400 psi, 350°F for an hour. Often a vacuum press is used to remove entramed air and

lmprove quahty
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will be cured in an oven, still as a continuous web. The abi'Iit' of these
‘m- Xt ures toWOﬁSﬁﬂﬁsolld metal in seconds is critical to real |‘%/1Wl§9 f328
- concept. Longer processing times woul d make the oven di sproportionately
large relative to the press and squander nuch of the speed advant age of

hi gh speed pri di yi dual then be cut t
and | am nat od | B G be e RS e (IS 8 SRR T DBV BTG

‘the newspagge rQNRLOGY afiRbxilite h@tﬂpe‘rlsadi@é fd&lt,tdﬂdfmﬁ mnmaﬁoﬁ BioRess x@é;e&ﬁﬁg, |

turning out [nner |ayers si rrultaneouslzﬂ.nei are cured_ in_a single oven o
and . per hapss is¢he¢ exgosarcoFhe ¢ast ¢ﬂ%¢PB@ff@ﬂ P%te'étﬂﬂiﬁ" Aepsirateds Q@CWP% PAtion

i pr oss RGArR iRof RS Bk o Wby, 114 0eibfER o BB Hohdinlih o 000 0.

the stack. pffdugés ieealdotgwastd) Thetervhing smptduﬁ'eise&om theespmb pmmnmr, esdees the

i ndividual the circuits. Astill |ess expensi roa hasﬁ %s ﬁthe '

“adhesi ve oesist stnppmg process. There are numerous interm w eSS W, ;5 ave not VO
98/ 37133 ib tely which add to the cost. The averagé’ ﬁ}éﬂéﬁﬁrﬂ tfadstb-widdile
back surface 0 esgll-lne sgpasrf.ggd 1|nnner | ayers to | am %ate the stack w thout the

use of premhed.S. ﬁ'npppnmeisly sever. Mmm@hhmemuﬁahaveap loy more RayersrIé carpbe)

packagi ng BECHI BOg-Aen RLIENEVaY aupeist b AP PP R B ie & I ¢

(1Cs) to Prabpioinitélyiatillidaaguise feeVbEimer Tyer paryeant i onal net hod- of packagi ng.
ICs is to cenment_theminto a ceramnc plastic chip carrier a.ndwghre bond

the indivi dual ThSEPIDAEIEORS 3HdPEOCSHseS ﬁéﬂqsénﬁimf’ﬁ CqHup COmplexiby Wi get o)
lead frane. ,;Gg@g ngt %ﬁa\% hﬁ@eéhicﬁ B protibce 1ﬁﬁerQ§'}7e?sWe§y APHHIF YV WI th a

lid for pro s are separated fromthe franme and ben .
shape for wnemﬂucaily 'I'dlbmr&r lyciaatedal is ampmlmd;@rmdr@dtheyt tmtesadgnonen he

PWB (surfa t techn ng .
operation 3?8 o ethy.r{}%ge %XQ‘%%"‘S%% ﬁ%’ s cog%gc ors ?‘glggtél%ﬁ?évera
. tinmes as mygdy.roomas the ICs thenselves. Wth the intense pressure for.
smal | er devi ces and ] ower costs e,l reat incentive to Ilmnte
t he -package and kinsall %@@Wﬁﬁﬁh%@@%ﬂ%ﬁﬂﬁ% g“é?ep o
replace th t%%o%&du&ﬁ%véﬂ' Jf%umaélw& ﬁ%&@ el hla@ﬁﬁmmg aﬁwdpsparmua

| ead frame Ich can then be bonded to. Since the lead frames in

questi-on armtlpﬁnmxs@dhti&}l, a&shnwngnﬁﬂum IQ %mﬁﬁepﬁhﬁ%@@%“ﬁ%ﬂ%ol y| m de

tape, this technol o
- Some Chi p E%aglr % nrm r‘e!(;:{n%}?{%ghﬁg-liﬁ f%‘éﬁg@%y W reggon I'ng the IC
todp?ds on ammpmg?%hﬁmgmmmdﬂuimwmﬂhcphn?g step, the ?ewpé?y ve
and time congumi 0 ondi ng ce R0 |cta|ons
~are gang bd %‘3" By St AR 2 ST YA ﬁ%a@@h&ﬁg?&%%g © |
50' dering tdaGdsEimISn b&obdY is REtEAUSrealizihd this @Rt Longer processing times would .

make the oven dlsproportlonately iarge relative to the press and squander much of the speed

-

advantage of h1gh speed printing. - _ o
| “The individual layers can then be cut apart and laminated in the usual way. Long
term, for very high production runs, the newspaper analogy can be pushed further with
multlple rotary presses tummg out inner layers simultaneously which are cured ina smgle
oven and perhaps laminated on the ﬂy before die cutting to size. The lammatlon would be
done by interleaving the hot, cured inner layers with hot prepreg and pressing them between
rolls to expel the air between layers and bond the stack. After cooling, the stacks would be cut

apart to create individual the ci_rcuits._A‘ still less expensive approach is to-use the adhesive on
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the PWB. The bunping process itself is_tinme-consum ng and expensi ve because’
i't"is ‘done Wa@a@ ting a number of metallic layers under val& U0 T
phot ol i t hographi ¢ techni ques. Preparing the tapes or circuit pads is

expensi ve because it is at the limt of resolution of conventional

subtractivg etching technal agy, with 50 m.cron (0. 002 inch)..li ] .
Spaces. Tiige BafivuPtes ST S Pherluiteh 815h Pl e Ak BN e oF B Bldprse
- center p‘orfm 'ob@ayd ingsmcﬁ&m@i_cminfmg&blmbnet al” fingers pointing in _ -
toward the |1 C which can be individually .bonded to the pads. A technology in
whi ch | Cs coul d be gang bonded'to.traces on a PWB or :a polyinide tapein a
si ngl e -oper aty: 0N sl AR BEh sinplification and cost reduction.
The conposi t ?&%&‘?ﬁﬁéﬁgﬁgﬁﬁ ﬁ%‘ﬁ%‘%n ‘can be applied to ICs and/or to
pol yner -based The leading edge of electronic packaging technology is now the direct attghment of WO
98/ 37133 .. o epels e .
PCT/ Uso7/ Taiegerted CEewts (G &3 Pried, Wiring Boards (VY- The AeweBiaslmrtofRl 1 c 1o -
‘the substrgafc@ayhs (Coisto bdifenetiRe ihioCdderaRio R flabtRy Vhip' @R GersndWiteitRauld y and
reliably. The pads on 1 Cs are al nost™ uni versallyf made of al um num

whi ch is cisdividuabinpuviputpntipeds an the d6 o mdiidishnine onp metal lesd Josone. ShelC isthen

conduct or Is ' 1.Gal: Al i _ ' :
put t or  nghotke i paS: bechile SRENBY B Ripflecnbp AR o lbplted,
nati ve oxi fltemvhe frhimpand bett o shape folr insertiomirsto afsecket b forsaldernbgtdimnthatocpads :
~corrosion. W.r di and chi unpi ng have to overcone this obstacle to
obtain rel & ?‘ﬁﬁﬂﬁgfa%momtetegﬁgggﬁ) 'wi re bonding, the connections are’ '
- made to balls fPhd¥B@askagdsHad Mwié bshdiklogeRfibn dicuxpliivedMdthvbadkaped wel ding

themto the alum num. usually by ultrasonic agitation to nechanically
di srupt -t hiemgsendactors takenRiscyerabiines a8 mueh rgem @s the ICR themselives Yith the inteasec ase -
of chip b ' r i r i -hondi.ng "?f'!lﬁ'!i! : .
titani um %ﬁ%%eﬁ’flé‘?ﬁ@"ﬁe?& epgsl(ﬁv%é:ggtgf t@%ﬁ%ﬁ%g&%ﬁ&nﬁ?e cog}t:gg%e with the
al .um num apatkageodndibend thefICatirectte tiepR WiB. Ain intermduiiatd stapisvih reptace shelpdckage i ous '
to the si 'icqo{ﬂ' QX her .l ayers.ar.e gld Ed'tﬁsi | | af t he_copper ..or s%l d§r ‘bunp .
terrar By beodg bR G R S BRI R A R e PR HRD SRR, T e
qui t e expefshy PWH Sifdejthéricde frbmes indfuesitibnl st/ srodiced 6 eRBingRndthidaminatd difa o
surface of the chip_ to_ protect it ?fruom.t he. 1?ttjbs_equZnt processi ng, by '
cover ing aﬁqnt?a?umév%%stape, this technpjgeyis reigErd tops Agpm Avtagated SopgingdABons
o is inventi e, & W e IC-

§6mé hid dPBodd gdf?g? 111(5;%/?:\5? al%ﬁ%glﬁt'ﬁ% gotfleq{y Wikd ﬁtﬁﬁll) e IC to pads

photol i t hographi ¢ steps are a 1 ows | ] i ] putter clean -
“the chip semthed®WBpbuytdhis,whiletponygntional and coliable, ia expansive dpditime posgpmingr on a

| ayer of ggl@ —shhkyes. [ [ ckel .. Adbani.um. nmolybdenu en, nor
ot her int erﬁ?rgldT ‘?? QX%P %Fn?%@gg}o[r%%&\flm(?%% a%@g%u%?%%%g%&a%'%& e
conposi ti othehdd éni thelQweithiddded inkdal arkiselliering the bumps to mating pads on the tape or -

the PWB. The bumping process itself is time-consuming and expensive because it is done by

-

depositing a number of metallic layers under vacuum using photolithographic techniques.
Preparing the tapes or circuit pads is expensive because it is at the lilnit'of resolution of
conventional subfractive etching téchnolo_gy. with 50 micfon.(0.00Z inch) lines and spaces. :

 The tapes are further processed to remove the‘-poiymer in-the center portion leaving very ﬁné,

" and ﬁ‘égile metal fingers pointing in toward the IC which can be individually bonded to the B

'~ pads. A fechnolbgy in which ICs could bel-garig' bonded to traces 6n aPWBora polYimidé o
-taﬁc in a single operation coul'(_i’éu:h_ié:"ve''_'a.f major simpliﬁc‘:atioﬁ and cost reduction. The -

. compositions of the present invention can be applied to ICs and/or to polymer-based
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2) Pr| nt the. conposition on the pads to a thickness V\/mch Wi II pr oduce

somewhat nor¥OPKaM3Ehe desired bunp ‘hei ght after curing. - PCIySIGI6226t he .
conposition to produce solid netal bunps. 4) ‘Sputter clean the chip
again or chemcally etch it to renove the internediate nmetal coating

Ibgt :NFFE s? lrfsg %@?{éﬂo %g)tg% Iagaotfgxrxlxgtaggdt Ito gecurertﬁe PCEI {’(r;p thg?ttlb%tr:rat% ‘with'all the el-orsgtln?:alrmt hod .
27 AehelBibRy thade s1mu1taneously and reliably. -

PCT/ US97/ 16226 Met hod 1) Add a@c[)qttoto patter ned pon| m de or
“other diel ect [§ |Ble|m§spai¢mgelahwt umoereﬂlypn qfabmam whichis @nmmblemth - 2)

P o B QY B BE o SO Al UG RE USSR B BokBL”
conposi ti capphatb)t Evaporativf ot spuntering Alﬁmﬁmﬁi isedtéasyt&moddcfolaue e Qe eni ent.
printing process. Tests have been done by screen printing conductor, i mages.

" The i xt urt@sacmeata‘t%eﬂ%ﬂhwapmtm ; plugiigurs sprface from oxidptionaand spprasiomg
Gravur e Ptk %%@cﬂa'&ﬁﬁfgx@ﬁﬂv@fd%@ feofRhi3®) stﬁﬁgtd&tﬁfl%i%ﬁdohg?ﬂt' ne
| mages.. set ography ¢ be use as can |rect | Mpr essi ons rubber
or netal pthetcas of Mre:bondmg,tﬂle connectinns fava maldevth iballs forined bwthe edd oéetooymoh
al um num

! ' h latrly el -
T hogr apriteaetsrt Sosk e ioR o380 S B Btachid blntio 0o ot

stick to uhéchesitaty distupt mbdmdatﬁlﬁ@esotdmt@g@mh& slamiReh, \th tHe dagd o M de
and patterned to expose the-pads as before. The conposition can then be

appl i ed bychioRumping, aa!&}'?t@flatl infermediate haading metalsugh agfjtanivmsupeste slloyiis g
proc ess W

O osry | debodtRRg piasigs it bR Wi, (2B Rl bllhe e om W materia of

al um num phefburpp sdich is deletesiouxtadhe siticanc Otthee lajfossu arewﬂdndnktwhllghme copavlont i on

laor e Dalddh b BASRT A 3E8erepRBot ohyire iRl R Rtk g % et o
treating pxpashe. Ammnmmay&@dﬁbnmgpu&m thOsu¥isKoPtht chipdo protétk itver y

fine conductors on the surface of the seniconductor ICitself to connect
pads or r dFoamythe subgsquent peocessing by copgangalipidbepadss of this invention nust -

be attached eit '- ¥ iC
orroui 1t aces, T mithols BEpPIILE the bOBofior o this bl ChipBiffacihe ' ¢
i nvention W&%fmmmmhommm istepe axssaasdplidwshi gh r-esol uti on

Addi tional printi ng

J

Method 1 - .

) Sputter clean the ch1p surface to remove the alummum oxide and unmedlately
sputter on a layer of gold, silver, copper, mckel titanium, molybdenum tungsten, or other
intermediate metal or alloy to which both the aluminum and the composmon of this invention
will bond _ , ) o '

| 2) Print the composition on: the pads toa thickness which will 'producé somewhat
more than the desired bump height after curing. ) '_ _

3) Cure the composxtlon to produce sohd metal bumps _ _

4) Sputter clean the chip again or chemlcally etch it to remove the mtermedxate metal
coating between bumps and some but not all of the bump material .

This method is illustrated in Figure 11 a.
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‘processes are applicable to polynmer filns which are not applicable to:lCs. -
“I'n particul WO 3t33r ost ati ¢ net hods ‘(xerography) is possi bl e RGTAUSHTBOER6WI t h
ink jet printing provides the ability to generate conductor patterns direct
fromCAD files. This provides great flexibility in design and in small
quantity manufacture and inventory control. - -~ The highest possible
resol uti orMethogiZyi ded by photolithographic techniques and a hybrid -

t echnol ogy in whi b &l Dofrith ataaeaphicall Fasq,gf _
conposition of t@%%@ﬁ?@on ié’bﬁ’?’f‘ﬁlfg’gt’%‘r@{ﬁg%‘t’%?? |.E?% he chIov_es?e?s a
hi ghl y r eldsaghev domk.proni sing way to ' I :
28 V\098/?233833 . iotely o e e 5y before. :

PCT/ US97/ 16226 2) SPRRFfieR 3pd iymediztely. contwith iytermefiate pealas pefr® ang di rect
attach. -The net3)®gint as béferesane as net hod B described above for patterning
the chip.and the nethod shown in Figure 9 c above. . .The next highest
resol uti on may DEppiencleraprsichas beforeost atic printing with I'i quid toner
-suspensions with particle diameters of a fewmcrons.. S.P. Schmdt; et

al ., "Handbook of |nmaging Materials", Chapter 5, pp. -227-252, A S. Dainond,
Ed.; (Marcel DeRiessomphiitions of this invéntibromaybe applied torthe € by lapy téhvanent he

bstrate, the bonding. ¢ ' i ed. out i 2veral
1) Bot b SarLitGE PEBAdFES Bafs toeh ReReLY SEiTch BTG SRR GHBES: TROMOEPeA ed on
and r eheatigfle aisgibkH agplic BY Siehdilitp arldSak fbe priftiigl Craispriifing SiRith dfredt Smd OW
done, but the conpositions of this inventlon P

S | _Fovi de a superijor solution by
virtue of offet epadgiused to mrpduce fiamlipeimages Offsetilithographit sandgusedy ag ran diresbus

oLl T SRR L AMSORE SOk bt i BB RS

bef ore r ehdmhimgm withadtheyud thethérdodding layer, a paiticGlady stegamflitegniphid method y is -

printed and the o r conmponent .i.s adhered to it.prior. heat .freating to .
- Behieve trigndsoerkdBe sRORIETR ot KiHAvErion P aaeairk uiteatdd poitidd fiffad
pri-nting, TREQ &RGR dosicl MtheolyikideandBattdmdito kRidst Bk palls avbeBie/The Exanpl es .
The exanpl es described below indicate how the individuyal constituents, of

t he - pr ef er9oEPoskiopsan theg e 2ppiiedibydotonblading iacrass the FETGeAg by RaAvgh PRALNGN ¢ o
provide t ket : ' Tyl e SEL Vs i ) ' he
Pt ur e of RCSS ibebREabiucon Bal A AUS Dbl iy (o Cogoulifol Il AL Hoke
the scope thhpelyghideisificesipd bead up aicthe aluthingh pads producing thpprantsioictirai ms.

desired with higher resolution than the printing process used to apply it. Such a mixture nﬁght '

include fluoride based fluxes to dissolv_e the aluminum oxide layer during the heat treating
process. The same process could be used to mask off and print very firie conductors on the |
surface of the semicoﬁdﬁctor IC itself to connect pads or reroute /O leads. o
The bumped chips of this invention must be attached either to a polyimide tape ora
PWB with matching ‘metallic circuit traces. Such traces may be produced by the methods of
' this invention bya siinple print-and-heat process with high resolution Additidnal pnntmg
processes are applicable to polymer films which are not applicable to ICs. In particular
electrostatic methods (xerography) is possible and along with inik jet printing provides the
ability to génerate conductor patterhs.direcf from CAD files. This provides great flexibility in
design and in small quantity manufacture and invéntory éon_trdl. R R .
The highiest possible resolutioh is provided by photolithographic techniques anda '
hybrid technology in which the dielectric is patterned photogfaphic’ally"and a-composition of

this invention is printed or doctored into the grooves is a highly reliable and promising way to
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Exanpl e- 1. Copper conposition with copper flake copper povvder and aci d.
A conposi t i OWO88788en prepared for producing conductive coppeRCWU%Ri’é‘émn

di el-ectric substrates. -1) A mxture of 47 parts by wei ght copper
flake, 29 parts by wei ght copper. powder ("Nanomyte", Nanopower Enterprises,
Pi scat away, , and_ 24 rts.by wei,ght. neodecanoic a d was .conbi ned and .
'bI ended bg every qggéluo&%p mfogmgggﬁfre attach. emethodlsthesameas

-- ot B A8 ibed above for patt th d F
 BCT/ Uso7/ 1t B Bescgibed abovfor patteming th chip and the method shown iy Figure ¢ shove.

" honogeneous i nk.The rxe;:t MB@St reRolwkion 198}' bepromdeﬂ by ¢leomostatic pimting with(iuid\tongo

dielectric subst.rate air h

heat ed i n- 8RB %Wgﬁga%’f eg’éﬂ? ga?eaf BHSSeSC%Tﬁf@!\‘% %aﬁlf %%fer
vapor- at NDSRiaging Materials”, Chaptet 51 hmr-zsmA.s IBaibh€ Hdl, (Madee DéRicerdNY).L 0 the
touch, the organi ¢ constituents havi n%l been cogﬁ)l etely renoved. The

el ectrical resi following prntingof thedc and Sélbiﬁatg qadinigprecesomay hecamried putnas
cal cul ated ne) J@:?al%va%crmhm cm by neasuring the resistance of the trace and
wei ghi ng the Avount Jof net al deposi ted. The mass divided by the density
gives the total l\)ﬂothmtsndfuontaaﬂscaﬁb@embﬂmatmldnmmaquipomﬁonpnhieéomandwt

trace and i di.at el ved e le to t he hqnd
strength offcheateds iéﬂ@elr 8agﬂg’er‘r‘§? Ts %gw% \rl?BHtT’WCPWPPﬂEms
~ tape. Exaﬂmeu&enmppehd& balfferidp ol@edriby virtue of ndd nEQIHOS Hirk AndVaP stBE 8l

prepared for produci ng conductive,.copper ‘traces on dielectric substrates to
show t he ddwf inweducing extranseusgpetals intp thesenttiveemierndustargontasbher powder

L e AR LB AR R AR B0

by wei ght neodec nol c ac was co I'n a
- 2) The mxthefmemamrgﬂoaumweeﬂlebmchlr 10 produce-a hormgeneous |nk

The i nk was scr rinted onto to 929 dlelectrlc ubstrate at' '
room t enper at ur §?ila#é§?tr° contagss o 'f'ﬁé gﬁ@?‘ﬁ@?@%ﬁﬁ?‘@@% 15 aghg 'Pl}FWé?,ré"at -
350C for 1§RassaaRg to adhicve Md dpplSitionAhe the ARG EInAIGREANRT €. - .

Following printing, the imege is converted to metal by heating in an oven.

E)'(émples

The examples described below indicate how the individual constltuents of the
preferred compositions and the conditions for applymg them ﬁmcnon—to provide the desxred
result. The examples will serve to further typlfy the nature of this invention, but should not be
construed as a limitation in the scope thereof. which scope is defined solely in the appended
claims.

'.Example 1. Copper composxtlon with* copper ﬂake, copper powder, and acid.
A composmon has been prepared for producmg conductlve copper traces on dielectric

| -substrates
1) A mixture of 47 parts by welght copper flake, 29 parts by welght copper powder |

(“Nanomyte” Nanopower Enterpnses Plscataway, NJ), and 24 parts by wmght neodecanmc “

acid was combined and blended by hand ina glove box under mtrogen
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After heating, the circuit trace was dry to the touch, the organic o
const it uentwomsi7Izg been conpl etely renoved. The el ectrical PEIVEIWAERG of
the circuit trace was calculated to be 24 mcroohmcm Scotch tape was
applied to the circuit trace and i medi ately renoved at a 90 degree angle
to determ ne the bond strength of the copper to the substrate. Some of the
copper was R@nFhedniviurdiwesiollimilled in air to produce a homogeneous ink. -~ -

30 . _v\g_Qallhs-ZégS . : '®_ - dielectric sub N
PCT/ US97/ 16336 +he gk Was sczees prifeg,onto 3, Kapton® 30 FIN.979 dielectric subgtratg atoom o,
has been Rgmpahae: @i, Produci ng conducti ve - copper traces-on dielectric
substrates illustrating the detrinmental effect of elimnating the copper
f | ake i ngr ed erfhe tracesnyera heated imractubs fupmacp at 359°Gyfont§Apseonds ipa pitiegoriwRieand
24 parts hy wej )eodecanoi ¢ aci d.was conbi ned and bl ended by hand in-a
gl ove box.%pmz"}“g%ggrgﬁ'xt ure was roll mlled in air to produce a honbgeneous
I nk. 3): The ink was screen printed onto a Kapton 300 FN 929 dielectric

substrate at room tenperature in air. 4)..The traces were heated in. a tube
furnace at_BSO[%%@%a&W%FWiWQ f tqusBnie QrEARF © B here.
After heatﬂe@ﬂﬁcgﬁlgtg lreﬁ'ib%d.t'r[gﬁ‘@‘éfécﬂﬁﬁl LMY IFRR iU frdcd (28.7¥nYREC0.4 mm '

constituents \ been conpletely renmoved. The circuit trace was not _
cont i nuouswide}was Galcultitetl fodie Somicthobm-erh by measiring thexssistance ofifke trees andpl i ed to

the circuit .tr.ace and. i diately. ved at..a.9 LEE. - >t er m ne

the bond STTEHDE ﬁ‘eca)af“"[“ﬁgg@%ﬁ%é‘fepg%{eﬁh _ es‘ﬂ%sgtfiﬁ‘g?eeﬁ’ﬂﬁg %%?g?@ﬁ),ggtﬁregontgﬁ ed with
t he. t ape. vol@xﬁanhgtalﬁ} Scéioh ppe W:jals ?#;ﬂieda@ﬂﬁe&éﬁew@r' da.nd&ﬂﬂleﬁiatel}aﬁb&m&a@ata

A conposition has been prepared for producj conductive copper traces on
di el ectri é%‘{%sae@aslééo defstming therhond, m&%ﬁ‘ggcmfep & TIbSTAIE Ve e 3%
unreact i veepglhsl Witk theltysly ocarbon for the Reactive Organie Medium = 1) A
m xture of 47 parts by ‘weight copper flake, 29 parts by weight copper -
powder, and 24 parts by wei ght tetradecane was conbi ned and bl ended by hand”
in a glov : I xfure.was roll mlled.in air-to. produce a _
hormgeneoﬁEsPa?@l?z' %éygé}ﬁ%ggeﬁ?%v\agéd‘\gcreen printed onto a Kapton 300 FN.929
di el ectric subsAcamposifion leusibeen prepared for producing conductive copper traces on dielectric

~ substrates to show the detrimental effect of eliminating the colloidal copper powder "
“ingredient. | o ' " -
1) A mixture of 76 parts by weight copper flake and 24 parts By' weight neodecanoic acid
* was combined and blended by hand in a glove box. - o | I
" 2) The n_xixtlire was roll milled in air to produce a homogeneous ink.
3) The ink was screen printed onto a Kaptdn@ 300 FN 929 dielectric substra_.te.at room
té;mperature inair, o | | ) '
g 4) The traces were heated in a tube furnace at 350°C for 180 seconds ina Iﬁﬁogen-watet o

vapor atmosphere.

After heating, the circuit trace was dry to the touch, 'the'or'ganic': constituents having '_ a
been completely removed. The electrical resistivity of the circuit trace was calculated tobe 24
microokm-cm. Seotch tape was applied to the circuit trace and immiediately removed ata 90 -
degree angle to determine the bond strength of the copper to the substrate. Some of the copper

" was removed with the tape.
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tenperature jn .air. 4) The traces were heated in a tube furnace at
350[ err] C f oWOBEWconds in a nitrogen-water vapor atnospher ePCT/USIT16226
After heating, the circuit trace was dry to the touch, the organic :
constituents having been conpletely renoved. The electrical resistivity of
the circuit 23 4 mmwi de) was cal culated to be 25

m croohm cnqﬁggpggééégg%%fég\a‘ié&g%ﬁvgg?'to-the_Z:i rcuit trace and '
31 -~ WD -98/ 3'A 8dmposition has been prepared for producing conductive copper traces on dielectric 2
PCT/ US97/ 16226 ﬁm’redi atelq\é renoved at .a.90 degree angle to defernmine the

bond st r engubstetesiiiustagpg the

rermoved W thihhes b3R8y -ﬁ?g,m : ohl aT=Yols) 1B b '-.an_d
“a-terpineol 15 % A c?oorﬁ)o It gﬁvﬁégshgﬁégéﬁf%r epa?@%@?g%&pbggﬁglﬁ%g&g%ﬁgﬂ ve
silver traceki wes apimbiinsd anddlendpd by handsn egldveiboxng sil ver flake, a silver -
met al | o- or gani c .deconposi tion, C ound. and.a reactive rheglogy nodifier.

1) A mxt ure%)f 1%5";')2 ’%WWM%B'%?‘F%W??% ,0"?%‘79%1”3‘5/ wei ght silver
neodecanoat e 3) arghe iniB wls EdréentBHnt&d GHS 2 RaptBh® IDOHN UBSdicREPicREBtAR Lt RbGRAed

by hand in a glove box under nitrogen. = 2) The mxture was roll mlled in
air to prodemperaturofieneous i nk. 3) The ink was screen printed onto a '

iy e b e o R SHER W sRakd bfs AHERERARS, SosCoRE 4 TR s hiddhelhlae,

air. vaporiftinesphiesat i ng, the circuit trace was dry to the touch, the
organi ¢ constituents having been conpletely renoved. The el ectri cal '
resistivity of the circuit trace (23.7 cmlong, 0.4 nmw de) was calcul ated-
to be 3.7 m croQd¥erhRkting HeCirchit RiceRas RPR] the toucR, thb SrgahlcCohitithdRCEavAl -
i mredi ately renoved at a 90 degree angle to determne the bond strength of
‘the sil ver been eqmaplstehisremered. Ths ciretihiracgaas mohenndiguous, thus ifslidne cogiluoger |
flake, sil trfb?tﬁrd ' S A0S k4.0 en gy epared
for pr oduc?é% co dg‘g@%@gﬁaﬁl’@%‘g‘é‘g cg%mhtlrégeec{fﬁiﬂ@eéf&%&r a é@g gﬂadﬂg)n ' '
copper - sur fdagres angle o detenitine theitond strehgtisofithe expper toche fubstratgyNonwtdl was and .

removed with the tape.

Example 4. Copper flake, 'cop'per 'pt')wder, and tetradecane. §
- A composition has been prepaféd' for producing conductive copper traces on dielectric
substrates showing the detrimental effect of substituting an unreactive saturated hydrocarbon :
. for the Reactive Organic Medium. L | N ' .
. 1) A mixture of 47 parts by weight coi:p'er flake, 29 parts by weight copper powder, and
24 parts by weight tetradecane was combined and blended by hand in a glove box.
| 2) The mixture was roll milled.jin air to produce a homogeneous ink. _
" 3) The ink was screen printed onto a Kapton® 300 FN 929 dielectric substrate at room
temp‘eratureinait. o . _ R
4) The traces were heated in a tube furnace at 350°C for 180 seconds in a nitrogeﬁfwater '

- vapor atmosphere.
After heating, the circuit trace was;dry to the touch, the organic constituents havin'g -

been completely removed. The elec_m'.ical resistivity of the circuit .trace .(23.7 cm long, 0.4mm...
wide) was calcul_ated to be 25 microohm-cm. Scotch tape was 'applied to the circuit trace and
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flux. 1) A mixture of 12 parts by wei ght silver flake, 3 parts by weight
'silver-neoteoag®aB®e and 1.6 parts.-by wei ght neodecanoi c- aci dpgpgisspreazaed

-~ and bl ended by hand in a glove box. . 2) The mixture was roll milled in air
to produce a honobgeneous i nk. 3) The ink was screen printed onto a Kapton
300 FN 929 dielectric substrate at roomtenperature in air. 4) The traces

" vver e heat em:nedxaseljommwednac 80 degra0dizter to]detefmine @if: tumd streiwgth of the topper to the
PCT/ Us97/ fgv% . 36md Ofth%ro?%‘?r%é%’%v&d "f‘ﬂ‘ethﬂapﬁw t trace was dry to t he |

touch, the organic constituents having been conpletely removed. The
electrlcal resistivity of the circuit trace (23.7 cmlong, 0.4 nmw de) was

cal cul at eExample SPibvernepdesanoates silwersfiake, ande-terpinendpl i ed to the circuit

St rengtn of "t i Skt I Bterthe et lof SALIARE DA TSI G dBebB"C
ol d f I'akeubsymted comdmgmb’at ﬂakeamdh@ﬁinétanmdﬂ@nﬁfdﬁamﬁomnon compousdambsi t i on

has been pre ei]§ ‘or ro u0| ng conductive gold traces on dielectric
subst r at eSCARIYVHT %i ning two netallo-organi c decomposition

conpounds f L iR Téih 1 o
wei ght gol dq¥l gﬁe 1 pdgltgp%{;sevel gh ttgmﬂ%kgo%gég{?ﬁaéﬁ;ﬁg%part %y wei- ght

gol d ani nenclétpaylisbhemgmat-brplﬂaméwm edmibinedexl tianded by Hamkid algleveded undethand
in a glove.box.  2) The mxture was roll mlled in air to produce a .
hormgeneo m? 3) The ink was screen printed onto a Kapton[err] 300 FN

929 di el ect. a?)c mulﬁﬁkf@éﬁa@iollﬁﬂm%!ﬁip&fﬂ&dﬁcéa'th%géneousmﬂ) The traces were
heated in a box furnace at 365[err]C-for 600 seconds:in air. _

After heati AYy, Thednkwessareenprinted optosa Kagton® 308 8N Qﬁ?(melemsmn atroom
consti tueq J}Qt\ﬂ-eri een conpl etely renoved. The electrical resistivity of
t he CII’CUI RFace ? 7 cmlong, 0.4 nmw de) was calculated to.be 7.4

m cr oohm cmd) SOtk diacésapere heatedrinl bordutnacd 418009C ¢ati60 sedondeinadied | medi at el y
renoved at a 90 degree angle to. determ ne the bond strength of the gold to
the substrate. No netal was renmoved. Exanpl e 8. Sllver I'nk on Substrate

FR-4 - After heating, the circuit trace was dry to the touch, the organic conistituents havmg
“been completely removed. The electrical re31st1v1ty of the circuit trace (23. 7 cm long, 0.4 mm |
wide) was calculated to be 3.7- mmroohm—cm Scotch tape was applied to the circuit trace and

" immediately removed at a 90 degree angle to determine the bond strength of the s1lver tothe -

substrate. No metal was removed.

Example 6. Silver ﬂake, silver neodecanoate, and acid
A composition has been prepared for producmg conductlve sxlver traces on dielectric
" substrates and on copper surfaces with neodecan01c acid as a reactive rheology modifier and
flux. o '
) A mxxture of 12 parts by welght silver ﬂake, 3 parts by welght silver neodecanoate
and 1.6 parts by weight neodecanoic acid was combmed and blended by hand in a glove box
2) The mixture was roll milled in air to produce 4 homogeneous ink, _ '
3) The ink was screen pnnted onto a Kapton® 300 FN 929 dielectric substrate at room
temperature in air. ' : R '

4) T he traces were heated ina box furnace at 290°C for 60 seconds inair.
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A corrp05|t|0n has been prepared for produ0| ng conductive silver trace
‘gl ass- rei nmmla}aoxy di el ectric substrates. 1) A mxtuf PETHISY 'ﬁéﬁgrts
by weight silver flake, 3 parts by wei ght silver neodecanoate, and 1.8

parts by wei ght a-terpineol containing 15%silver col I oi d was conbi ned and

_?Leggggucgyahﬁ%l gwéw?%%;/e %&%mewagdr;/rrt]gthrg 13! fhe'05: or cot!oklstxlpuexltgga air.

33 gﬁ &Eﬁ}%?el removed The electrical resistivity of the circuit trace (23 7em long, 0.4 mm :
PCT/ US97/ 16 g % he ink was screen printed ontq hpaé ton 300 el;l}d929 _

di el ect ri.cwislepwas eetlexlaed tOdmﬂ 2 migreehmgae Speftch fape was 3131’

heated in a bo furnace ﬁ&@ r&gﬁt{k to the
After heat T ?tﬁlé( S‘P%ﬁa%ta%ﬁ Lxgglé?d'de?&n? tou ﬂhﬁg orgar%llvgr o te
const i tuerglﬁs&aylmgniaﬁewwfemﬂvedel y rem)ved The el ectrical - resistivity. of
the circuit trace (23.7 cmlong, 0.4 nmwi de) was cal cul ated to. be 3.2 '
m croohmcm Scotch tape was applied to the circuit trace and i nmedi ately
renoved at ik i QebtidcRhoH 8 Smid 100Gt of the silver
to the Sublé]?an?aledie%o‘f@ €°vas fermve ) % g{)er on Kapton EKJ
A conposi tion hA&ompemupnhmeenipfepméfm@dwglm@LFéWFﬁ ddeaspeon digleelEis on
- polyi m de-coat ed di rlc ubstrat es by

wei ght copPosat F%Wgﬁ %351}46??{’ W%'Bﬁ'?n 8%%0%3 \%é}&f&n%&n%%uﬂ%{f{aﬁ by
wei ght 'neoggﬁ,aﬁgkso@ﬁmchaﬂm conbi ned and bl ended by hand in a gI ove box.
2) The mixture was roll milled in air %ﬁ@l&, duc ahrm neo i.nk -
The ink was EcrémxBKFﬁf%Ha"&'hYow%}gB‘i@ll ‘g‘?‘fﬂ%@?‘ﬂure -
inair. ﬁﬂ g{n Ht’ﬁ?ﬂaek%oalfé\%e?mﬂéée Msl dmwhdamnaelbﬁued pyof a
typeEpoI?/ coate on both sides wth a 'polyinmide with a low

gl ass. tranlsandnnlaglmqimmature of 220[err]C which can act as a thernoplastic
adhesi ve. - The LI aces t &%q%ﬂ@t 350[err]C for
180 seconds ?)n gh‘ﬁ ' %asr%nguélfﬁaﬂ%ﬁpoﬁcw%m&ﬁn@ f heati ng, the

_circuit. tracg Wage Hﬂebvéscscfee@pﬁﬂu@ bntotaflea;ﬁdsr@aoe FN@29tdidlevtrid sablstaate agrobaen
conpl etely renoved. The el ectrical re5|st|V|ty of the ci rcwt trace (23.7
cm | ong, Otemperptureinair.

4) The traces were heatedin a box furnace at 3650C for 600 seconds in air.

After heating, the circuit trace was dry to the touch, 'the. organic eonstituen_ts having;
been completely removed. The'electrieal resistivity of the circuit trace (23.7 cm 1ong', 0.4 mm
wide) was calculated to be 7.4 microohm-cm. Scotch tape was applied to the circuit trace and -
immediately removed at a 90 degree aﬁg_le to determine the bond sn'ength of the gold to ﬂ1e

" substrate. No metal was removed.

-Eaiample 8 Silver Ink on Substrate FR-4 _ .
A composmon has been prepared for producing conductwe sﬂver traces on glass-
' remforced epoxy dielectric substrates. o
1) A mixture of 12 parts by weight silver flake, 3 parts by we1ght silver neodecanoate |
: and 1.8 parts by weight o-terpineol containing 15% silver colloid was combined and blended :
- byhandina glove box. - _
| 2) The mixture was roll mllled in air to produce a homogeneous mk
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. .wide). was d to be 4.5 nmicroohmcm Scotch tape was the’
‘cirfcuit trar‘?ég% mTedi ately renoved at a 90 degree angle tgeﬁ}éiswge t he
bond strength of the coppe'r ‘to the substrate. No nmetal was renoved with the
t ape. Exanpl e 10. Silver on Kapton EKJ A silver conposition has
been prepar g ige .y ogeigag pfag@s bk ﬁap%on@{%o 38 e EGEL bfroory,

-.98/ 37133 temperature in air.

PCT/ US97/ 16 1 xt ure of 12 parts b wei ght si] ver flake 3
parts by wef?lg g‘hgtqaeg)we;g eatedinahox furmage at 2809C-for §0 5eeonds igmitregenier pi neol

was comnbi ned and bl ended by hand in-a gl ove box. 2) The m xture was roll
mlled inair to produce a hompbgeneous ink. . 3) The ink was screen printed
ont o a Kapt on Bder beatingctheicirouittiace meas dryeto thetonch, equmganmcmshtnemshawngq The

traces were heate a bo ur e CfQ S i LI

Af t er heahe%comr. %eiglr vecf(#x 815&%&331 "EPF%V{% fﬁ% @i‘}&?ﬂglgﬂ&g’fm |
const i t uentide)lweasicalgulatsdio 8o B hicRlokm- @A BEBEh taﬂw@ag?ﬁéd 6 dhe d‘:ﬁ:&ir&fahahﬁd' of
the circuit trace (23.7 cmlong, 0.4 mmw de) was calculated to be 3.

m cr oohm dmmediataly.rrmoysd al 0 ‘éﬁsmq angleite d@"ﬁ%"“@? theihopd strength ofithe silvestn f.hpe| Yy
~renoved a%u Bhtrae. ﬁggﬁ&ﬁ@&%ﬁ&é& determine the bond strength of the silver

to the substrate. No netal was: fenpved. Exanpl e 11. .Copper Bonding to
Copper- Foi | - A conposition has been prepared forproduci ng conductive

copper tragces d to c er fqil, 1) A mxture of 47 parts by wei ght _
c-opper'-fliri%é'mpSQ ?Q%erl??%t%‘%%per powder, and 24 parts by weight . =~
neodecanoi ¢ acwcmsmmﬁs&nmaﬁéd%ﬂ&dd&mg&%uweeoﬂi&ﬁﬁc&% 2) The

m xture was_roll mlled in air to produce a honbgeneous ink. - 3) The ink-
was screeﬁ°¥¥im}ﬁeé@a¥9ﬁ@@1%@t%?ﬂbéfat¢smI substrate at .room.tenperature in air:

D i rogen HetSuEeas ol 6 Wit o 435k Yo pAPL Vel Lot By Ag R0 WAQ
dr y t o' t h@4tpeus by weight mcglamoxccaordsﬁastmmbmd land blegded by hand in a glove box. g

2) The m1xture was roll milled i m air to produce a homogeneous ink.

_L

3) The ink was screen printed onto a dlelectnc substrate at room temperature m an' .
4) The dielectric used was Kapton ®EKJ film which consists of atype E polymnde ﬁlm
| . coated on both sides with a polyimide with a low glass transition temperature of 220°C
which can actas a thermoplastlc adhesive. - _
5) The traces were heated in a tube fumace at 3500C for 180 seconds in a nitrogen -water
* atmosphere. '

After heating,.the circuit trace was dry to the touch, the organic constituents having -
been completely removed. The electrical resistivity of the circuit tra_ee (23.7 cm long, 0.4 mm
wide) was calculated to be 4.5 microohm-cm. Scotch fape was applied to the circuit .frace and
: immediately removed at a 90 degree .an_g_le to determine the boﬁd _st’fe_ngth of the coppef to tl;e .
 substrate. No metal was removed with the tape. - |

Example 10. Silver on Kapton® EKJ.

" A silver composition has been prepare_d' for producing :'cic')nductive silver traces on
dielectric substrates. ' | '
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been conpl etely renoved. Scotch tape was applied to the ci rcwt trace and
i mmedi at'el y WRBHYAP at .a 90 degree angle to determine the bon&'cﬂqsé'%@ﬁ of -
the.copper to the substrate. No netal was renoved with the tape. = Exanple
12. Silver bonding to copper clad FR-4 The conposition of Exanple 6

_ ggs _ beenwa)pg } ggftgxgxtu%g gP fﬁ par{satgj vgelgﬁtssﬂwrreerl fpal.(ko r3C gagts%gloxéight 11 %érrnaeogecanoate,

PCT/ US97/ 154¢f8 p arts by Jvefdh fszﬁx‘ghi’eop\ﬁlasle%rr%’iédSanmSléﬁﬁécgbﬁ hid M A'gldvedoR, 3
parts by weig t ver neodecanoate, and 1.6 parts by wei ght neodecanm C

acid was condji n@ﬂemmdutylveasd‘eunblledlmtomr@ug¢&henbgeneousm): The nmi xture was

roll milled roduce .a S i.nk was screen
pri-nted ont oé)a %ﬁﬁgwglsﬁeﬁmn@gﬁgﬁ"%g@?% ®ﬁ%ﬁf?ﬁ%§“§’ﬁﬁt§ aprqomy; - 4)
The tracesihbeminiteah g% i N a box furnace at 260[err]C for 15 seconds |n air.
After. heatlemé{ the circuit trace was dry to the touch, the or gani c-

const it uent s4ha%ﬂgamm%bﬁﬁﬁﬂdénélbpxM”@%@ﬁoﬁmm plied to the
‘circuit trace and i mediately renoved at a 90 degree angle to deternine ‘the.
bond strength of the silver to the substrate. No netal was renoved.

- Exanpl e 13 Pol ypa#er hitiak) the airéuittrace was dry tArthetoacty e m’gamcmnsuurentswavmg has .
been used for experi rrents on,_pol yrre,r meta,lllz?éleon 1.5 one 5@ OB of 12

parts sil vb‘?e“f@&'{Péeteg rﬁ"&PY%d ¢ elestripal seristiviry of the giguit trace {253 / cmplong, 0.4 mam |

by wei ght B Ul CalelafiRSs be QQ%cfbohHﬁchrS%\étcﬁ%pe%&%bﬁéd to%éemwaeaaﬁ&n
of pol ymer all'i'zing using thi's conposition has been . carried out

appl yi ng anmmd;mlmm@ad atrajJQ degreraaglarte detarmine thejhead strengih of tha sikeo mhpe .
was coat ed @# %bﬁeﬁgetéﬁ”v&ag %rﬁgve%l' | ver m xture described above and cured in

an oven at e 'mg-silver coating was firmy attached to the-
wire. The.wire could be tied in an overhand knot- and.dr awn tight wthout

flaki ng the coati | i.pear Si'S ce of 0.2 ohns per cmwas
achi eved whgmpl %{;ﬂt‘fweﬁﬁ%d%(%(%’l’aﬁ%ﬁﬂp silver .per cm equivalent to a
resistivity of J&dﬂ;ﬁfsﬁﬁhm&m pr@aembepﬁ&ud?ﬁ& oﬁﬂﬁcﬁ%to%bbéﬁﬁbé%nded to
| copperfml
1) A mixture of 47 parts by we1ght copper flake, 29 parts by wexght copper powder and

- 24 parts by weight neodecanmc acéhd was combined and blended by hand in a glove box.
2) . The mixture was roll milled in air to produce a homogeneous ink.
3) 'The ink was screen printed onto a copper foil substrate at room temperature in air.
4). The traces were heated ina tube furnace at 3500C for 180 seconds in a nitro gen -water
atmosphere. ' '

Aﬁer heatmg, the circuit trace was dry to the touch, the organic constltuents havmg
been completely removed. Scotch tape was apphed to the circuit trace and mmedlately
- removed at a 90 degree angle to determine the bond strength of the copper to the substrate

No metal was removed with the tape '
Exatnple 12. Silver bonding to copper clad FR_-4

The composition of Example 6 has been applied to copper clad glaSS-reinfomed epoxy
substrates. | o
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I n anot her denonstration a sarrpl e. of Kynar-| nsul ated wire was coated with
the si'l Ver wo bdamss and heated at 306 C.. The retal - was wel | aperusSsh Rtk
could withstarid being tied in a knot. The resi stance was approxi mately. 0. 04
ohmcm . To date the lowest critical tenperatures obtained have
been in the vici nity of 220[err]Cwth silver nmixtures, as.described in the
exanpl es. Sl Aamixturs of 12 phrteiey voeight sitéerifiake,d pnrlsrbybm@tsmmamcmoﬁh@w, d,

t hough at %mﬁ%lﬁ gf%l&t ndodan: a%g)%tag{dev?aslcgmtb Dedand bfeggéd%r rllagdr anglove box

" PCT/ us97/ 162)26Thenﬁﬂﬁ§@wﬁq6ﬂkﬁlﬂmaﬁft8pﬁdubeaH&rﬁ@ée'ﬁe&fs i@gni tude l-ess
severe than those required for conventional sintering and thick film

pr ocessi ng. 3ITh&he inks¥asscrasp pested onto rsopparsladdiR-4isubitrpteat raomitefriperature invet al s
‘and. di ffepent substrates that the conpositians and the nmethods of the
present invention can produce wel|-consolidated, well-bonded thick film
circuit tradesThatraceswent heatedlin pbby fienadeas26000fos 1§ sdcondsvihiaith coul d not
have been anticipated by anyone skilled in the art of circuit board

manuf acture or thick filmtechnol ogy. The conpositions and met hods
of the present AlfeyReHtingth@ bkt t?ac!% ta@ms B, AR gdn®t &:h@ni’thbzﬁghéﬁﬁé y
additive electronic circuitry. gure 12 shows . a conparison of t

el ect ri cabesnamplately rgmeyed; Sm’e@stamms aWhﬂh@ the ciowt tece and nmediatalyi on

Conai 1 ontRE36 50 dBlkinghth ARLARI AU of B8 R BT Rk Bl KL

I nventi onmtabwaslmnmdduct I'vity - (and soI derability) equivalent to
conventional 'thick film processing but at a t.enperature hundreds of degrees
lower. It is conpatible with polyner substrates but offers orders of

magni tudEEhEﬁbﬁg‘lﬁPﬂyh{ekﬁfﬂtamct ivity and:processi ng speed than existing

polymer thick filmand transient |iqui.d phase alternatives.
An example of a mixture which has been used for experiments on polymer

ﬂ

" metallization is one made up of 12 parts s11ver flake, 3 parts silver neodecanoate and 1.8 parts '
a-terpineol by welght prepared as descnbed in the previous examples A demonstration of
polymer metallizing using this composmon has been carried out by applymg a shielding

¢oating to wire-wrap wire. Kynar-insulated #30 wire was coated by.rubbli'ng with the silver -
mixture described above and cured in an oven at 277 C. The resulting silver coating was
ﬁrmly attached to the wire. The wire could be tied in an overhand knot and drawn tlght

| without flaking the coating off. A linear resistance of 0.2 ohms per cm Was achieved with a
coating of 0.0006 grams of silver per cm, equivalent to a resistivity of 12 microohm-cm.

~Example 14 Polymer metallization. ~ .
In another demonstratiori'a sample of Kynar-insulated wire was coated with the silver
mixture and heated at 306 C The metal was well adhered and could w1thstand bemg tled ina
'knot The resistance was approxnnately 0. 04 ohm/cm ' '

To date the lowest cntlcal temperatures obtamed have been in the v1c1mty of 220°C
with s11ver mixtures, as descnbed in the examples Similar results have been aclneved with
both copper and gold, though at somewhat hlgher temperatures in the 300—350°C range.
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37 ' Caim1l _ A conposi tion-of matter conprising a -
reactive orgH0|9sl3md| umand a netal powder mixture, wherein saQE/USI?/16226

conposi tion can be pplied on a substrate and heated in an oven-to

consol idate the conposition to a solid pure netal conductor at a :
t enperature bel ow about 450C. -Claim2 - The conposi tion of claim
1 wherei n Thess conditiphsyare st arders qfenngmxdele@eqeeee dunithesareqwired fon sonventional

consi sting_o und -
whi oh can_ iR Rl ARk AR RORER nfpick RERGHG: iRy it SRRIREC

and a mixt dietal$ finl different substrdtesthin tBe compos1tlo'ﬁbﬁndtmemezhddebﬂtlﬁfprédeﬂt ifivéntion .
“wherein said reactive organic nediumis, conprised of one or nore.reactive

or gani c cofRReduceelconsolidateds wellfhonded fuckdimRiRguit ?ﬁﬁmé’ﬁ’b@n&f’ﬁﬁﬂe S
wher el tNBofyBRebhid S8 4afs St iR A hafe G126 QRGPS Wa&y%ﬁ?%ﬁ&d‘ﬁﬁh%&c“ o

is differe
' of circuit board manufacture or thick ﬁlm technology

- The composmons and methods of the present invention oﬂ'er a Wholly new approach '
to creating fully additive electronic circuitry. Figure 12 shows a comparison of .the electrical
resistivity of traces made by the method of this invention compared to those of prior art - |

. methods along with the respective proeessing conditions of temperature and curing time. It |
can be seen that the present mventlon provides conductivity (and solderablhty) equlvalent to
* conventional t}nck film processmg butata temperature hundreds of degrees lower. It lS S
compatlble with polymer substrates but offers orders of magnitude better. electncal
: conductlvxty and processmg speed than exxstmg polymer thick ﬁlm and trans1ent hqmd phase .

) altematlves
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- from each of said reactive organic corrpounds Claim4

composi ti-onWR983733n 1 in which the rret al _powder nmixture is Wﬁ%”é‘&zﬁ
a) 0- 100% netal flakes he %e PﬁEERlT about 5 mcrons and a

thi ckness @faipgss than 1 mi P b) 0 - 100% col | oi dal
net al partlaes havi ng a dijanete L'@ han 0 1 mcroneters wherein said
nmetal particles are-not- significantly aggregated into I arger-.particles.
The conpositiGiainel claim 1 in. which the netal is sel ected fromt he group,

consi sting of copper, .silv gol d, zi.nc, cagm um  pal | adiu iridiu
rut heni um osm 6&PmPH§JH?%H%emb¢¢£P%Bﬂ§m$ FW“Y?D‘E&WE Tan etk pAwde

anti mony, ﬁ.ﬁfﬂr %ﬂeremssmatéa mposition can be 2 hﬁﬁiﬂ&s&ateandh&té@l%'&ﬂ@v&?{ |
pr.oduci ng so |3 pure netal uctors gﬁ a substrate conprising the steps
~of: . - cohpolidad the nomposittoncko@tsolid pursaustal sondustariata theperabire peloweaboubn t o
t he substrgoe, B) heaing the substrate in an oven to.a critical

gs than a

tenprature bout 450[err]C for a tine | ess than about five
m nut e; ' wherei n said applied conductorprecursor pattern is converted
into a well- consaolidated, well-bonded pure netal conductor wherein

said conduct(ﬁa';!? cursor is conprised of a reactive organic nediumand a
met al powder m ﬁirﬁ‘i”l EFEQ@‘E Qdinfli Ged &£n
sai d conduct or %pfr%é:(ﬁorrlsoglrmn&bpp %v&xe{eéngaécll su st%ate bé/mgl@haﬁ o ?)fg% :
sel ect ed . gronp chmsiging 0f a owtaliosurganic oﬁfcpmposmomcqmpamndng reasmmpogmd whmhg :

printing. SRR et R ot ot 4 Gerynd DR fercor

copying and el ectrostatic printing. Clal m8 The nmethod of claim
6 in which said conductor precursor. is a copper-based conposition and in
whi ch the ovéra@apsphere is nitrogen with | ess than 20 parts per nillion

by volu me Of Oxi‘ﬂgébrﬂﬁtﬂt%%? ledirh Q%efeﬁ?d&&e%fvre%r@ﬁfc edidrh ¥ecomprised of one

or more reactive orgamc compounds each havmg a different decomposition temperature,

wherein the reactive organic medmm has a deoomposmon temperature which is dlﬁ'erent

from each of said reactive organic compounds.

Clalm 4 _ . .
The composmon of cla1m 1 in whlch the metal powder m1xture is compnsed of
) 0 - 100% metal flakes having a d;ameter of about 5 microns and a thickness of less
than 1 micrometer; and, : | N . |
b) 0 - 100% colloidal metal partxcles havmg a diameter less than 0.1 mlcrometers
wherein said metal particles are not elgmﬁcantly aggre_gated into-larger particles. -

Clalm 5 . _ . D o
The composmon of claim 1 in whlch the metal i is selected from the group cons1stmg
_ of copper, silver, gold, zinc, cadmmm, palladmm, mdlum, ruthemum, osmium, rhodium,

platmum, iron, cobalt, nickel, indium, tin, _antlmony, lead and bismuth.
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Caim9

dain W%gg;gﬁ?get hod of c|.a_@ m 8| n_which water vapor. |s %ﬂﬁhge. o
gen to the extent of approximte =guring 't errod in
whi ch sai d conductor precursor is beilhgd R RHEET KNS BRRAN flef ore or after the
heating phase. . . _ Caim 10 e_nmetMFHASER | ai mll6 in which the
substrate cont@pai6, pol ymer which is sensitrve to tenperatures above about
450[err] C. . A method fobbRIdEtihg solid pure mERE colubaes i a GibSdrdtt @orhgri%%ﬂi@ the
substrate contains a sem conductor which is sensitive to tenperatures above
about 450C stepsofCl aim 12 The method of claim6 in which said
conduct or precur 0L i ' ' . ] i tric
insulators to nuk: apeﬁli%? ??@i‘ﬁgtggﬁﬁ%%&olﬁgﬁ)%g#%%é&feﬁgg%%nt%gﬁ?oos?rgt%’ P
daimi3 BjReating kecubdtratd iaiamoGen to avritichl temperatmeliscthan aboir 480 Dfori S

applied in step_ A t% v]?tgtpt 0i ,rrat%eabl e dielectric material which has been
patterned b¥timEdesshanOgHtdBinB®8 et i ne channel s which are to becone - '
~ conductors, Wher ghyedhil @Bﬁ&i@n&u&éﬁr&&&i&ﬁaﬁérﬁkk RYEHAGRAUCHAL- Pr-ecur sor
ng, -

by doct.or bl adi ng or printl .~ wherein upon the heating of step B).
si mul t aneoussngolidatess Welibondadepuzg metabeanductant eri al. and consol i dates said -

applied conducto ] o Claimda o The. Qd . Qf -
T8I m 6 in whi o eBF MRSl vRlclisor i comb R Rek et crualndfiep By
cont i nuous mefal pdwddrinixtardhstrate matrial and cured-in stop B) as'a

continuous web in an oven futher conprising the -step of:: Q) -eutting -

sai d-continuous web of thin substate mateial into a final product, . .

~Cdaiml5 - Claibke. nethod of claim6 in which said-conductor ‘precursor is -

applied to sem condctor- . U S, e T
. ' - The method of claim 6 in which said conductor precursor is applied to said substrate

" bya technology sp‘lec':ted from the group 'co'n'sisting' of: screen pﬁnﬁné;:.é._t_e'néil .printi"x:_t_g,: o S
 gravure printing, impression printing, offset ﬁﬁﬁtﬁﬂg,;-lithOgraéhi'é'p'ri_n;ﬁ_ﬂg, d_i:§pensing-‘, doctor

- blading, ink jet printing, x¢r'ographic.qopyi_t'lg:and'éle.:;qtros,tati'g pnntmg Lo

Claim7 |
" The method of claim 6 in which said coiductor precursoiis a copper-based
composition and in which the oven atmosphere is nitrogen with less than 20 parts per million

by volume of oxygen preferably less than 3 parts per million.

Claim 8 |
The method of claim 7 in which water vapor is added to the nitrogen to the extent of
" approximately 5 mole percent during the period in whicl_l said conductor precursor is being -

 heated but not before or after the heating phase. -

Claim9 | L “ |
_ " The method of claim 6 in which the SUBS_tfate_'F’Ont_ainS'ate_mperatur#-sq‘n_sitilve_‘: DR
'- POIYmer.. | L S S

I
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Clarm 10
' . The method of cla1m 6 in WhICh the substrate contains a temperature sensrtwe

semiconductor.

Clarm 11 _
The method of claim 6 in which said conductor precursor is apphed to metal

conductors and dielectric msulators to make electncal cormectlons between the conductors

Claim 12
_ The method of claim 6 in whlch said conductor precursor is apphed instep A)toa
photormageable dielectric material wt_uch has been patterned by photohthography to define

channels which are to become conductors, Whereby said channels are filled with said

- conductor precursor by doctor bladmg or printing,

wherein upon the heating of step B). srmultaneously crosshnks the dlelectnc material

'and consohdates sa1d apphed conductor precursor pattern

Claim 13 _

The method of claim 6 in WhICh said conductor precursor are applied in step A) to a
continuous web of thin substrate matenal and cured in step B) as a contmuous web in an N
oven, further comprising the step of

C) cutting said continuous web of thin substrate matenal intoa ﬁnal product

Clalm 14

“The method of claim 6 in which said conductor precursor is apphed to sexmconductor

devices to make electrical conductmg traces and bumps ori said semiconductor surface.

0 g

HIIII

heet Has Been Replaced

{

40




