DESCRIPTION COMPOSITION SET, CONDUCTIVE SUBSTRATE AND METHOD OF PRODUCING
THE SAME, AND CONDUCTIVE ADHESIVE COMPOSITION Technical Field [0001] The present
invention relates to a composition set, a conductive substrate and a method of producing the same,
and a conductive adhesive composition. BagkgruappAiolQ002] A printing method is regarded as a
promising method for forming a wiring pattern, in view of its favorable aspects including low energy,
low cost, high throughput and on-demand production. This purpose can be realized by a method
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paste in which silver or copper in flake form is mixed with a binder such as a thermoplastic resin or a
thermosetting resin, an organic solvent, and if necessary, a curing agent, a catalyst or the like, has
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necessary, a curing agent, a catalyst or the like, has been used. The conductive paste is used
by applying the same onto an object with a dispenser or by screen printing, and then curing
the binder resin by drying at normal temperature or heating at approximately 150°C to form a
conductive coating. In the obtained conductive coating, only some of the metal particles
existing therein are in physical contact with each other so as to establish conduction, and a
cured resin gives rise to the strength of the electrically conductor layer and the adhesion with
respect to a substrate.

However, in this conductive paste, conduction is established by physical contact of
the particles, and a binder remains partly between silver particles and inhibits the contact.
Therefore, the volume resistivity is, although it depends on the conditions for formation of the
coating, in a range of from 10°Q-m to 107Q-m, which is from 10 to 100-fold greater than the
volume resistivity of metallic silver or metallic copper, namely from 16 x 10°Q-m and 17 x
10°Q-m, indicating a much inferior conductivity compared to a metal film. In addition,
silver particles used in a conventional silver paste are in the form of a flake having a particle
size of from 1 pm to 100 um, and cannot be used for forming a wiring line having a width of
not greater than the particle size of the silver particles. Consequently, the conventional
silver paste is not suitable for forming a fine wiring pattern.

[0004] In order to overcome the drawbacks of a conductive paste including silver or copper,
a wiring pattern formation method in which metallic nanoparticles are used has been
investigated, and a method in which nanoparticles of gold or silver are used has been
established (see, for example, Japanese Patent Application Laid-Open (JP-A) No.
2004-273205). However, use of nanoparticles of a noble metal such as gold or silver
increases the price of the material itself, and the production cost of a dispersion for ultrafine

printing is also increased, which inhibits a wide diffusion of the same as a general-purpose
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[0004] In order to overcome the drawbacks of a conductive paste including silver or copper, a wiring
pattern formation method in which metallic nanoparticles are used has been investigated, and a
method in which nanopatrticles of gold or silver are used has been established (see, for example,
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Summary O e fnventlon nlca owever, mo ion 0 a resin of a substrate is
not appl|8§W@%Elﬁl%%ﬁfé{@¥ﬁ%’é“&ff%lﬁ%i’ﬁ PhdupisrAbis Ee b ranamaEticerfisFRYs been made
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attempt has been made in order to improve the adhesive property by modifying a resin of a
substrate (see, for example, JP-A No. 2008-200557).

Summary of the Invention

Technical Problem

[0008] However, modification of a resin of a substrate is not applicable to a substrate made
of an inorganic material or a metal. The invention has been made in view of the
circumstances, and aims to accomplish the following object.

An object of the present invention is to provide a conductive adhesive composition
that exhibits high adhesion between a substrate having conductivity at its surface and a
conductor layer formed from a dispersion of metal-containing particles, and secures
conduction between the conductor layer and the substrate; a composition set including the
composition; and a conductive substrate produced from the composition or the composition
set and the method of producing the conductive substrate.

Solution to Problem
[0009] The invention includes the following aspects:

(1) A composition set comprising: a conductor layer-forming composition
comprising a dispersing medium and inorganic particles comprising a metallic oxide
(hereinafter, also referred to as an "conductive ink"); and a conductive adhesive composition
comprising a binder and conductive particles having a number average particle size of from 1
nm to 3000 nm.

[0010] (2) The composition set according to (1), wherein the inorganic particles comprising
the metallic oxide are at least one selected from the group consisting of copper oxide particles

and core-shell particles having a core of metallic copper and a shell of copper oxide.
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An object of the present invention is to provide a conductive adhesive composition that exhibits high
adhesion between a substrate having conductivity at its surface and a conductor layer formed from a
dispersion of metal-containing particles, and secures conduction between the conductor layer and the

substratgng a9mpnsiiorR sebinelAine e sempesiion: and araedhlve Aubsikals piRfuced from the

composition or.the Gom 03|tior11 set.and the method of Producp%the conductive substrate. Solution to
Problem {068 TAE ?ﬁ%e%??o%euﬁ%‘iﬁ%agpg% FoH WG AP ERES" CORRY A RBRTP &SN 4RI Bmprising: a
conductordislge edbingiold esrpddaiornebpiptsing exdispeitsmgsthedioxidanpritishiganipabladioles
comprisiggiaematlic@xkiei(hereinadtaicalganafeicre txas.an "conductive ink”); and a conductive
adhesiv osjtion. camprising a binder and conductive particles having a r,average particle
e of T R e S B P
particles Y8 BiRgthahiResEaiS Kl Ohe RUBPBREUbIBetRRf from the group consisting of copper
oxide paftioles and) d@refegshqusiaiﬁ'tclm_ dwavinigng tmae}oémnetﬁ_(m) m@p,ewhmha &imetb_liﬁerdpper pxide. 2
[0011] (3).]He,cOMPATLIAMIG! AFLQLA AL ) 266D HRRIGID She,copduciusPatticiessmprise at

least one selected from the group consisting of copper, copper. oxide, cuprous oxide; gold, gold oxide,
platinum B8t ARN BIUES SR8r AAYABISE THLF a2 B ﬁaaﬁﬁﬁeasad@} HRSIRIACHSHU™ oxide,
nickel anetnibketsxiderd@d 1Ji(4 1 Thexeoepesitiod patcactordimgptouadsyoditeess.(1) to (3), wherein the
binder is[gp lqlp%‘i}?ifﬂe@%ﬁqﬁ&iﬂ@ﬁ%ﬂ&é&?&iﬁ%@fﬁ%w@% fagreaflei#l(Bihdbeicemposition
set accoiding o any.one.of (o (o Wi erein e buder s atieat ane oraanic pinder selegted from
the groupecSOnS|st|ng ot'ah epoxy resin; a pcﬂlylml rué)sm, a porf amide resin, a po yarl%nde-lmlde resin,
a phenolidTeesinxile i SoesrpnaxdsiAlng o aiEs khresivn okl dadipteswioxapapesidantithresursor
compourjde 15| thegea (R4t (6} Tl composiipRiagt acabsting levany Dosnehlyédilf; avherein the
binder is AhFRSHAIRONAANYPIIASIREISHR (OMR ORI SRNSIIHRGRI SR QX G fitanium
OXIde, Zircon OXIde, tungsten Xide, Zinc oxide, cnromium oxide and precursor compounas of these.

[0015] (PANESHettiethrsasitss o hiec RS Rghes BiRarare Mkt BeErag Al@ k7 conductive
adhesivectaykrpive\pded les liheicg nduchive filardfepeoticacixeddhesiventaye3beingna ended product of

a conduchiyR AqBLeRIVE: GREVRRIUANGOBIRUSIE AdIRAST ARJ SOMAUGHvE AF ISIRS é’tﬁ‘%{ﬁ}ﬂsiﬁé‘%ﬂmbef
average pamdgﬂﬁ nﬂa conductor layer provided on.the conductive

adhesive' Y. Sﬁ%%éﬁ%?&%ﬁ{%ﬁ%gﬁ%%?@ﬁaﬁo BYSTHHATIEE FRHROSH! BPORRR ST BB nductor
layer-fordhisngrsoraposiiion eodhiprisiagardidpdesiegnpesivgn ardaliorgsidie particles comprising a
metallic p¥irle] (8) The conductive substrate according to (7), wherein the conductor layer comprises
metallic copper.
[0017] (9) The conductive substrate according to (7) or (8), wherein the conductive film
comprises at least one selected from the group consisting of aluminum, copper, silver, gold,
platinum, nickel, tin, lead, palladium, indium tin oxide (ITO), indium zinc oxide (IZO), zinc
tin oxide (ZTO), fluorine-doped tin oxide (FTO), InO,, SnO; and ZnO.
[0018] (10) The conductive substrate according to any one of (7) to (9), wherein the
conductor layer has a volume resistivity of from 1.5 x 10°Q-m to 1.0 x 107Q-m, and wherein
at least a part of the metal in the conductor layer is bonded by metal bonding with at least
some of the conductive particles in the conductive adhesive layer.
[0019] (11) The conductive substrate according to any one of (7) to (10), wherein the
average thickness of the conductor layer is 100 nm or more, and the average thickness of the
conductive adhesive layer is from 10 nm to 2000 nm.
[0020] (12) A method of producing the conductive substrate according to any one of (7) to
(11), the method comprising: a process of forming a conductive adhesive composition layer
by applying, onto a substrate having a conductive film, a conductive adhesive composition
comprising a binder and conductive particles having a number average particle size of from 1
nm to 3000 nm; a process of forming a conductive adhesive layer by curing the binder in the
conductive adhesive composition layer; a process of forming a conductor layer-forming

composition layer by applying, onto the conductive adhesive layer, a conductor layer-forming
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[0016] (8) The conductive substrate according to (7), wherein the conductor layer comprises metallic
copper. [0017] (9) The conductive substrate according to (7) or (8), wherein the conductive film
comprises at least one selected from the group consisting of aluminum, copper, silver, gold, platinum,
nickel, tino{aadsiRaHadFY i uaiiReaxide(bhtn BT 2Bk Opile ALQRb P g XidRa(AI O),
fluorlne-do? d tin oxide (FTQ me , Sn0 ‘an ZTO' 0018] (10) The ccirf)duct ve.substrate gccording
to any ot BF (7't B} SHRerai? TRAEshER RGBTy BY Ha BRBARE FBStatiONy S B B30 81 1m to
1.0 x 10-iglamin dopidiretier learmprrcomprsitiendigthe conductor layer is bonded by metal
bonding peith |Gt leest seeirigéihe soRduetivRRIIGRS R theusendoctivecagiposiviedayer. [0019] (11)
The conductive substrate accerd any,one of.(7) ta (10). wherein, the aver thickness of the
conducot 0 e SEle 8 5%5%?8&%9&3%?9 e R RS % e om
10 nm t HNOEL PRLiokasHe fdist pryadeirfdhaonductive substrate according to any one of
(7) to_(l][n(mb] mmh@dmmmtﬁsimgdbeﬁmpﬂgidﬂniﬁgﬁm@%ﬂvﬁwﬂbﬁsﬂemmmnJa,ygr by
aPPYing, GRS, A sHRSIEASHEIHA BerRECL itk oRAUCHR AdNRRMB ComRGEILDR GPmPrising a

binder and conductlveé)artlcles having a number average particle size of from 1 nm to 3000 nm; a
process iy 8% 0Rive adhesive layer by curing the binder in the conductive adhesive
compositidfetapétha onaoesm of forming a conductor layer-forming composition layer by applying, onto

the cond[{m‘ryﬂ a@%&&iﬁ@i@fh@iﬁ@&%ﬁﬁ@ft |ﬁ¥%§§%l@%q)?b9ﬁi@ RRMARGOMRIIREIGA dispersing
medium and inor aniclp ticles Cﬁ@ ri in#a etalli?aomde' and. a Pro ess of forr(rfing a conquctor
C X N1D1 ] uctivity at its

COmMposItIon, w can 1 sion.between a substrat vin 1N 1S ...
layer comprlglng a metal by rec?ucmg theméalie oxide in ?ﬁe conduc oralayé'-cf[())rmlng cgmposmon

layer. [0021fpce3yAl eoieddeias Hakediveis denpsdifiointaatispaision firmstabepmpusitemasiciscording to
any one gidkptar8)canmhammpisesca hivdenandozangiictivernastiblemeaviognipotimhesaverage
particle %&%éeluocfiﬁrogﬂelc%‘ %9 OO 0 ) ﬁldﬁﬁpa‘i!%ﬁé{&g%g@%%&etﬁé’ ﬁ&%ﬁ%ﬁhéﬁ fhused for
the method accor Ing toF 2 anc?comprlses a binder and conductive particles having a number

average FRIRRIS ST eraRGNE Methediouadveingdbe sPaTHYE sHBFrate.

Brief Description of the Drawings
[0024] Figure 1 is a perspective view showing schematically an example of a conductive
substrate according to the present embodiment.

Figure 2 is a cross-sectional view showing schematically an example of a conductive
substrate according to the present embodiment.

Figure 3 is a perspective view showing schematically another example of a
conductive substrate according to the present embodiment.

Figure 4 is a cross-sectional view showing schematically another example of a
conductive substrate according to the present embodiment.
Embodiments for Implementing the Invention
[0025] In the present description, the expression “process” includes not only an independent
process but also a process that cannot be clearly distinguished from another process, as long
as the intended purpose of the process is achieved. The numerical range expressed by "from
x to y" includes the values of x and y as the minimum and maximum values, respectively.
When there are plural substances that correspond to a component, the amount of the
component refers to the total amount of the substances in the composition, unless otherwise
specified.
[0026] <Composition Set>

The composition set according to the invention includes at least one conductor
layer-forming composition (conductive ink) that includes a dispersing medium and inorganic
particles containing a metallic oxide; and at least one conductive adhesive composition that
includes a binder and conductive particles having a number average particle size of from 1 nm
to 3000 nm. The composition set may further include other components, if necessary.

[0027] By forming a conductor layer on a substrate such that a conductive adhesive layer is
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[0023] According to the invention, it is possible to provide a conductive adhesive composition, which
can exhibit a high adhesion between a substrate having conductivity at its surface and a conductor

layer that is formed from a dispersion of metal-containing particles, and secures cond
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[0029] [Conduc ive Adhesive Composition]

A conductive adhesive composition according to the invention is a liquid that

includes a binder and conductive particles having a number average particle size of from 1 nm
to 3000 nm, and is used as a constituting element of the composition set. Also, the
conductive adhesive composition is used in a method of producing a conductive substrate as
described below. Therefore, the conductive adhesive composition is used, for example, for
imparting adhesion and conduction with a substrate having a conductive film. In other
words, another aspect of the invention is use of a conductive adhesive composition including
a binder and conductive particles having a number average particle size of from 1 nm to 3000
nm in a composition set. Another aspect of the invention is use of a conductive adhesive
composition including a binder and conductive particles having a number average particle
size of from 1 nm to 3000 nm in a method of producing a conductive substrate.

[0030] The conductive adhesive composition (hereinafter, also referred to as an "conductive
adhesive layer-forming liquid") is preferably a liquid that includes a binder and conductive
particles containing a transition metal, a transition metal oxide or the like, and optionally a
solvent. The conductive adhesive composition is applied onto a substrate by coating or
printing to form a conductive adhesive layer, and a conductor layer, which is formed from a
conductive ink described later, is provided on the conductive adhesive layer. Details of the
conductive ink are described later, and a conductive ink containing copper (hereinafter, also
referred to as a "copper conductive ink") is preferable. For example, a conductor layer is
formed by printing a copper conductive ink and then performing a conductivity developing
treatment on the copper conductive ink. ~As the conductivity developing treatment, a
conductivity developing treatment including heating in the presence of a formic acid gas, or a
treatment including applying a solution containing an agent that allows a copper oxide to

ionize or to form a complex and a reducing agent that reduces the copper ion or the copper
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[0027] By forming a conductor layer on a substrate such that a conductive adhesive layer is 4 formed
between the conductor layer and the substrate, with the composition set including a conductor
layer-forming composition and a conductive adhesive composition that includes a binder and

cond UPW@IHSI@Q%%R@@H&QH&Wr %H&réﬁﬁf@ﬁrﬁiﬁ@r%%?réﬁ feoaw é—"?éﬁd@h?éf@@aﬂﬁbn@x_ce”em _
adhesion e%we nt be.achieved even if there is a

e cpndPLljctorél‘af#ertgnd the substratte surface caré >
COﬂdUCti\slglﬁ}%nQ' hE8'SBE T Ste S _5c ,eﬁﬂ%tlélﬁcoerll%rﬁ?é%aq fof’B %X/é‘é%at e%:léff‘lductor layer and
the condeetipesitarcaabersdbofadimie psadrdenesitisapbiughe eobduat Yodhesij8028] Since the
number ¥aip@stRArHae sizenefdine Benductiveanielesd prihe KoRdusive adhesive sepapesition is
within a specific range and. highly small, the thickness. of the conductive adhesive layer can be
Sianiioa e e R P BN E AT REB IER 2 e,
some of BRBABHYG AR e particles in the conductive adhesive layer are likely to bond by metal bonding
witr_l a m@@ﬁBMclmhmﬂuetﬁmuﬂmWéwmia@opmfetmmm p@y&mﬂ?h@mﬁ@i@, dat BSthoafght that
an intendegpehesion candehiained Quing dp Bisplersiemiiis AlhesienAaniadiy the binder

and the adhesion derived from the meta%)o#l]ding, even If the conductive adhesive layer has a small
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accordindyathe inseoripniipeclicrald tHarnglodessadidaPand cbhddgtivmparisclesthagingea number

average pRHiGIR SreOf Tk mmyodARingaacis daed Aaanenstitving £1eens of the
composition <ob A120, fip conduciye gdncelye combosiian s Lseripa Methad of praduging a
conductivens%s%rate as 'SCI’IBed be OQ;V 'Fﬁere Ol‘e,at e conauctve adnesive compoglﬁon IS used, for
example angrasigareisy Gdibsion airebedifciernorsi B BRIFPANUR A0hg erpdnelintivdhRiYeIn other
words, apethsisasRent dfalaed iventiatisise: abpeanductiacachesisoshivposiiondndluding a binder
and condugtiye, fQEfilf]%%iO@w%P%{ikL&*? Y SUR08 NAHYGRIAR Mé?lmo]odpmf%é’@%o%} a0a
composition set, Another aspect of the invention is use of a conductive adhesive composition including
a binder RS Rstvm A PeriieiseRERHEPA FOmbRs msardtrEsatien was fHeiRethen to 3000 nm in a
method oh@radeciag socbrodhictiveasubisty atsifiod30]sdthie coneluectvadticasmcompaaskicariikdreinafter,

also refegigd tas ABAMUE AUNASIYE JRYPTIGHRIN M RRUERAR ARG Rt includes a
binder and. conductive p rtcheE containing a tran%on metal, .a transition. metal oxide or the like, and

optionally s8R UPRE EBRHIEHTE BARE e eB 8%&%#@%(66@@8’8?%{605@68%&9%8 ing or
printing td5&frnd ashehrctivefdhesive layer, and a conductor layer, which is formed from a conductive
Ik descripeshfatgsmOVEHTRkandise Rl AsipgRYelo eI aliteicouds ik are
deserived)lgtel, and 2 canductive ik containing copher(herainaier lsgreferedo as a. copper
conductive'in zlsppre?eraeole. or éxal%pP]e,.a conductor Iaayer |.4f ormed %ly printing a copper
conductiéethRdaAERaH pefdehintibe donbiéeivryteaevsibpihg #etasitBeing coppamasedisetive ink
As the ceneltietivifyldevalepingtieatmeiplicsonduativiy develiipietieatmentdncluding heating in the
presenc formi i 0 ' ' ' ' inin t that
allows ai(g%g r g)% le toéjslogr?_ghee gl)[[rlgftc%lr %ﬁﬁ?ﬁg{%ﬁg&%ﬁwgﬁﬁ%ﬂa@ﬁaﬁgredagre[%ﬂt)@gj %%pper ion
or the copplr LarpRAPRI i R B pelriRiam AT d s teRERRst R Re S erefiting treatment
solution"}lisppreferabtedAftrtthpresatinigtorgprioting it e agbrduitivvecad bl .eagoavposition, part or all
of a bindgr: of: i ARt ?Fm%]' 'W 0Sit} oyr, eating.
Through%?%%@gﬁiﬁﬁ%gﬁﬁgimpanﬁ%i e maintaini%%gégﬁggg?iaﬁg It?gtb%gglﬁgfgg’]bstrate as
a base a4 eSNSEROESRIERE from a conductive ink [0031] The conductive adhesive
composiliov3plefEramiyhisadavggmimicwipeessigpethe Sicchhasme yamess wied, bpdlovRgso8o that the
compositipncean e applied QB mpoNEHAIeNB Y GRAINE Oh RN JMPAsi Ga5e0b DesiatBang printing
by ink jet printingin paricular, e unamic viseosity i Breferably fom 5, mia 19, 60 mpa.e. The
dynamic @86;5}/ can be measuredS y avi coelastic y measuring g@pparard%s (Por ex§mple, PHYSICA
MCR-50 4§ abitofrod Ry a2 dp si@iid afposned AreBpHEHE RGHEM: DOl qEPBE- RYSHiHiCan angle of
1 and a gidoretepafdthngtlis aitacheentptbeemeasuring apparatus and a conductive adhesive
composiiggis chardethin e MARSTG BRAREALSS AL AMERSHRAROR AR SHeN ahdug gpnductive

adhesive composition spills over from the measurement tool, The spillover of the conductive adhesive
composititHHBHE YD fBest ORIt oI B ORI P RS AT S B RIS ie(FRbasuring
position txs@pis, prmoved aaddotinbimmeadre oyentns daroiedhourti (Fhb abeader smerfeistkdmmedeout after
10 mir)utgﬁ(pg §%§&?9&%§9%?%%¥8Mﬂ%%&“ﬂ&%’tiﬁ%ﬂdiﬁﬁ@%@%‘?ﬁg Qﬁg@&éﬁ&ﬁ%ﬁ%gve
adhesive camposition, at a }eﬁg)gradture of %5% and a.shear rfate of 0.5 5-1.

curing temperature of the binder and the desired degree ot curing, and is preferably from

100°C to 300°C. From the viewpoint of heat resistance of the material, the heating
6



[0032] Examples of the method for coating for applying a conductive adhesive composition include a
spin coater method, a spray coater method, an ink jet coater method, a bar coater method, a gravure
coater method, a knife coater method, a die coater method, a comma coater method, a slit coater

method, QR ARRIGRIR! RSABRIEAEI? SIMERRIR ilac IROTRHE RIS Reoffor printing
for apply{ﬁ%g Cé)ndﬁic ve a hteswe compos tllggg o%ft aaleeflred1 3: on ?b. uéje an ink jet printing
method, A diEPeReSITISHNOY, EIHEEHIA IS FEHAET PREHA ,yaliglf?er% ess printing method, an intaglio
printing i3k, Bhgraveire peritmdeniettioeliensurédenayartiedgiskumss oh e prirtired YaetHsdivg transfer
printing mehadrapd Renefiret prinidag Mmaten[0oRpbEtm therviawRoinéwhsinppIressing the thickness
nevenngss eaused br Jdawags ofdhe sondustive.adhesive caipesiion, e conduelive adhissive
composition layer, formed by applying h “conductive e})(iﬁesweycqmposgtion onto a subs rateyby
coating &%rmﬂ@,q@ﬁrefe“r%ytgﬂwwoanbaﬁ AeflHsSeAHE SRHISHHAN ISHYaRSEUYE hedltfistEreducing
pressureadiresiviolpastorimitigcihe subShguentipcdee ashf805heo i phaartehiypSipinod piksyemibng a
binder inﬁ&@&g&gj@&;{%@%@?%gﬁ%p&gﬂggf{%@gggging into a conductive ink layer upon

application qof the con%uctlve ink_(for example, printing) and inhibiting development of conductivity, the
binder is|JfErekabyPRUGEYRGAEISS -cured state or a cured state by heating. The heating temperature
depends on the dirmpidnypexatdheof ¢ebingen@anoh¢hsl cesileas tieng dendfafiadndyeimetis preferably

from 1006a/9-RR04ndERMUR® MavRabY Rirhertdissistance lihei easiRlethe H8AHINGHA temperature is
more preferably from 100C to 200C, and fram.the viewpoint of reactivity of the pinder, the heating
Do, T eaanon) g

temperature s u'rthereere elrlgﬂ?f} %g%aiﬁgl 0 Ibec: U f‘srﬁoeﬁalr iscoufgrarse%‘iﬁr’iction on the
average Paitielrsskage wraderitiibtiveldgosidectaepaoieiesd dfemamertstd semeosetheEle composition.
From thenviesmabiniafdlevelapmesiahaghasion | the@veiadesthickpask iss prafetily tendmeir more,
more prefer nm or m vie int of.r tion in cHan resist via a

cond uctﬁl/@ggf%éﬁ/%’l%g%,p%ggﬁ%gﬁgsrs%oﬁc%hgwfg% ueé{}v%%% r{‘ggi\é/%“l%ﬁﬁé] r_%ssy?)rr%fg?sgg}% %%EE% or less,
more preféralnpipermEntases detrEPestORIPIbIY ORMOFRISEVIOOEA (CohdUci R Bsftticles)  The
conductiyeoddhe3ive @onhposit paridisdes]at ddasttbeedddacof cadberitive papusiesnaneftinebhumber

average paftigle,sizgPHHIG SRBRUGHNE, F&?é%ﬂ% ISHORi o WP 423000 {ABLG IS PR ARG Iar
restriction on the, on%]ictlve pag}gples ms&ar as the particles h?}\ée CondUCtI\[l%}\/ The conductive

partic ty.
particles S8} 0395 ABRDEETREBISEP b & TrRatePRA PRIVARS d O8N e RURAORY TIE RLEPBPER m or less,
or particlesptratooide, surpnductoddageldiigtlthasiddtptaperformingrame dyiclags theatsibrer wnddy, the
conditionsafRida.aORAUEHNIN deiR!aniNaFealbeRines d8sChiRRE RsiPciecvolulRe regigtivibeof 9 x 10-7
lim or leSS'J&Q?{?\J The c nduc{iv Eﬁ’;\{ticl{as incllllgct?ddi?r})he { onductive adhesiv? agl:?mtp?tsition preferably

include at 1east on glétfgc ed'from eeaFoﬁrpl)ecsoenss%ng of a transition’ me %ﬁl Rd R transition metal

oxide, ariBatbradrdfarabipmmeabosisls.Jhreetatenicheters Hrdbp codyitivigrertidppisrpedprdhoxide,
cuprous pgigRsgolthroaldxidee platinubly patinidgooxtmosdver, silver oxide, palladium, palladium

oxide, fh@tfggég TRALR.AKAR DiSKatend BigkeAXAeaiRSR IESRAUGEYS AR %ﬁﬁ&{eg%ﬁde at least

one sele om,t € group co sistin | tl’anSItI metal an a nsition meta e content
thereof i YHE QoRIRIEHW ﬁ%ﬁréllé‘%s”igaﬁ? PRV HFREs YrdF oSl sratar sl 86mass-% or

more. transition metal oxide, more preferably transition metal oxide particles or core-shell particles
having a core of a transition metal and a shell of a transition metal oxide.
[0040] In a case in which conductive particles include a transition metal oxide, as described
later, particles including a metallic transition metal are formed in a conductivity developing
process for a conductive ink. In a case in which the conductivity developing treatment for
the conductive ink is a "thermal treatment performed in the presence of a formic acid gas" or
an "application treatment performed with a solution that contains an agent that allows an
oxide to ionize or to form a complex and a reducing agent that reduces the metal ion or the
metal complex to a metal (a reducing treatment solution)", the particles including a metallic
transition metal serve as a precipitation starting point of a metal compact layer formed from
the conductive ink. This enables bonding with at least a part of a conductor layer formed
from the conductive ink. As a result, it tends to become more likely to achieve adhesion and
conductivity of the substrate and the conductor layer more effectively.

[0041] Namely, the transition metal element included in the conductive particles in the
7



[0039] The conductive particles are preferably transition metal particles, transition metal oxide
particles, or core-shell particles having a core of a transition metal and a shell of a transition metal
oxide, more preferably transition metal oxide particles or core-shell particles having a core of a

transition: giRkRRAMIGEY Q&%ﬁ@t}ﬁ&ﬂ% EF%@EQPSJ@%JQQ/&QL|Hl@f£%?&ﬂ@ﬁf’ﬁi§n§@my\’)? particles
e

include a transition metal oxjde, as descri ter rticles in Ium@%};{g allic transition metal are

formed in 4 ¢BR A% RIS ALUAIRE BiHRALY f32 cﬁ%ﬁ%c RTh RS S hductivity
developititktredirasantctive p@ﬁuﬂmmmqbée thiepnsalll o aetd rexpdafbreradd nfmélp‘i@hence of a

formic acidgasoromeml aﬁgliﬁeémcsrs@mmwfwmmambge soludienithat agniaikpopmagent that

allows an 9 %%n fbc%rélze or I¢ I{I%r{pl a c ?acg a redlfﬁ'n a,glerdt tp at rgduce% tcn)% etal ion or the
metal co ex to a me %afl{a reducmg reatmen soPutlon) e partlcPe INc uélIl r% a metlaﬁlc transition
metal sePVESHR1S pt &%ﬂ%ﬁrﬂ@%ﬁtWh%@&me% bkt eRgEctive ink

This enahlealhondiilg withcahlbrsiva it oDardandictosdayartfolimeantvionthe ebodidetivetiok As a
result, it {epdadaResOMEmeiREln G adise AERIRN ARd ARRGNRLAh R sipirate and the
conductor layer more effectively. [0041] Namely, the trafsition metal element included in the
conductiV@PHHBIELHIHES7 conductive adhesive composition is preferably a transition metal element

that is caipahl ofsemires & tpedoipitatidnbstaringipointetfl asee tar toerppadukdyer metivied fitom the
CondUCt'Yﬁe'@&n&iﬁ%&@M&&W@d&%ﬂGk@ﬁdﬁ‘ﬁYclﬁ& ﬁetf%&di'%fﬁﬁﬁ' QHide, Fﬁ%ﬁ% the metallic
transition mgtal onl etoé)eaggr e gergrflsetﬁ)%nduc v1t evelotH treatment for a
conductlve MK ds escr ¢ OVEPIR of)pro dcing a condiéive sub tPa e '8s described
later, a coRdacaold/ Gedelomiiy Qf@@@n?@ﬁpfg Béﬂérﬁ"\)é’doféﬁr Pstigeirlgtmwne eideoshigéiimessitductive
ink. Duringdhigtepatnent, Ihq)tmeﬁiﬁpmhmetaisamerﬂettmeﬁ@a@pﬁ&ewvimisdatﬁﬁﬁgdtwed
thereby fgrragﬁ 2dne I(l)l}g 51 anﬁ ? R,% c[l}]vlﬁ  RA; cée 4093§h§x§mg§%of the element

of the transmd metal use ort e ‘con ucti’ve partlc e conductive esive composition include
copper, GRIOBiRHdR StiffehsameiRl xR Atmiikshatn tadiceaudhipdd nfamsxipiBlthese transition
metals inchndeipabactiin oxicetigoith gxudehsiboad oxitéryatgypérpoxides aupraderoxdadptatirum oxide,
rhodium gxide, and nickel oxide. In particular, the transition metal oxide is preferably selected from
gold oxi tinum oxide, rhodium oxide, silver oxide, palladium qxjde, copper oxide cuprous
oxide, s?ﬂ%% FBEDS kAN A PRk S S O CReA0d %%IH‘(E/%WH{SW ’PH: r‘?afﬂé‘tlémgfﬁl at an
initial stakjeoof tﬂtﬁevaz@m@mmfwdﬂwelmmn@ tredumanityorfa condudiivedidiic 00 48] cTHbauwmier average

particle Sd%@r@%é*fﬁr@fé[@é&%‘f@;ﬁ@ 'ﬁcffﬁﬁ'olqﬂﬂbtgmﬂ mdreopReiBm Mg WRRIN PhadBesion and

conductl\é(% a CO%dUC'[I e 9dhe3|v the number aeg%pagyscl{elstlz IS rllarefgrably from 10 nm
to 2500 nm, more prefera fy nq(gB 155an Fom the View 0|n ?’ac ieving an even higher

d.spers.mwgrag@@m%étm&géwnémeewlﬁsew&éhbe l&&&.@t@@@%ﬂeﬁa@mwmn or
less, mosypratesaldys>Qithen prefessy furienprefasshly Ehnan wpshtofimshieviawpoiataf achieving

a” even HGNG! SAAdUEDY ESF t@ﬁd?MSQPS{ze? g %‘%‘ﬁﬂ@?ergfég SH3R OJoﬁﬁ‘@lSH{?é’ﬁ&HY&eB ﬁg@&%ﬂ&) eferably

1 nm or more, more pre 0 nm orm urther prefera nm of more number average
particle stz%f)twéoeeﬁaameﬁé?h&te@.g%%%nr@d Wa&taﬁ%ﬁ@é@mg}&%%.c%&opy ora
scannlngleieburmmmgmpmm $ioe ekt pteydincthe pasécrfsassoamning elébtromanticiesoape, the

number RygipgeRRTICR Hi26: 9T iR condicivsRaltides fan 1o rbiained iy aRseRdng the conductive
particles at an. ac%—:-leratlon voltage of 10 kV and a ma nlflc ion athﬁvté]?gh the diameter o{ an average

conductiVe*Parie & EEBLPISHAY 8%{5]5?6% %ﬁfﬁ BFHEH &ViEta 4R Lt?é‘néﬁ%ﬂﬁ &h“&hthmetic
average baklgaoheddeqbiearerg thﬁc¢erdia¢ﬁetepgr@f3@Sﬁ@trﬁ!r@dcctmdmwelmiefe@thﬁtmErandomIy

chosen frﬁﬁgﬁﬁemmmg%@c&@ﬁ@s@ﬂwm atheﬁgeoa@fmﬁmpeameotbﬁemwaving a
dlstlngU|shabIe erq[flle I&O/:—to 28 in W lﬁs b e to chag)se a hundred Ql%rt'ctetﬁ at a single

< Vlsua ][]6%}304']1%%‘%55 volume-%% average

visual fle?g fﬁe mea urement IS carrie Iur wsu§|€1’neﬁ§1

disperse8qyaviae: §ize%¢wm%etsmfaub@ééﬁﬁ eesdiscbrf@fea&mw thehqondem)orhese frire
preferab Igné.daﬂah(&@@é)pam)cws Iesauﬁin@ &fopé&feéﬂbbpﬁlg Foh @06 any) witIkssindlihough there is no

partculag GsUGARLA R IOC Il I RARIHA by LSRG RE PREIRFRE Nt AR framore:
from the viewpoint of dispersibility.
single visual field, the measurement is carried out at plural visual fields.

[0044] The 90 volume-% average dispersed particle size of the conductive particles is
preferably 2 um (2000 nm) or less, more preferably 1 um (1000 nm) or less, further preferably
0.6 um (600 nm) or less. Although there is no particular restriction on the lower limit, it is

preferably 1 nm or more, more preferably 10 nm or more, from the viewpoint of dispersibility.
8



8 The 90 volume-% average dispersed particle size of the conductive particles can be obtained as a
particle size at which the cumulative volume from the smaller particle size side of a particle size
distribution of the dispersed conductive particles is 90%. The particle size distribution can be

measuregfsa afisRessionpldbaicanduervRibRIticles Mith A laser SCaRIing BaKtisle sizmdistribution
analyzer. £004§_l}glhen the o.r%ﬁ tive adf?swe omé sition is applied by an ink eﬁsﬁgn ting method or
i ink et OB SIS BN LS SHERIGHOE AU & OB SouR AP TR A5 Ohf ciepersed

particle Seetisfahzcdituetivensdrthasispepeteaadycliyamasiqlesss PREre id honsarsdedzaestriction on

the lowedliibanenoay hiendeiitred et BERraIRPIE thheonaudepaisnes seighparicle size of the
conducti\slgaﬁalrltrilclesaritslccfet:)tszit%ne lsgl m.a die}i%?r%ie?n of the conductive particles with a laser scattering
particle size distrdution anaﬁ/zer.%dgfg] \n example of the measurement method with a laser
scattering’ BarticIdV s BsaondushivaRdledys< empRTitisa dwapplicdbi as infe iatavingipamelBosize
distribution anialy 7&rdo%tt8 1320 ¢B & Konan Condiierti Ve alatachammpihitouniversdidiguidimeodule is left to
stand for 30, py S RIe L L Bm@&ﬁd@@d‘&égﬁi}rtgégé%% l@gw&%g SiaRilizRga lightsaurge. and a

dispersing medium not including particles is e liquid module with a "rinse” command of a
measuretEM PIHEFHEUAR e itE HBHEBORRNRS ihERIdhE Ge- BB Pneabife offset: “align"
and "measenuatKoypusil et xected IBubsebpeamd pasdidispér sioniné dHeoooadisptiveipracticles that
has beenjshaleRdaRasRmeuRiam isaddas dadbediaeid medulewithe drapper until the indication
for the s BbalglaanAwount tur?s fpﬁrln "Low" to Ot( ﬁ]&gp q_ﬁ)a ticle sizteéedistribu ion is obtained by
executinz "measure™ oM the measuremen nprr(l)lﬁra(r)ns‘fV & &8 1|rns§% or the faser ssé%ﬁtering particle
size distibitibntinaapabrzaresphenm SpaY: 70%, Include PIDS data: ON, Run Length: 90 seconds,
dispersing mediumesractivtering exitlc R32zd @speibliviely afal¢ieadtves ingexsaiestadciapending on the
material PJ&'?%&&%%%H%YE &’%@:&é?%ﬁigﬁ??dﬁédhﬁg §'F&?{3‘§%&&‘ ?&‘%B%ﬁiﬁ%ft%%‘%ﬁ\( P 'tﬂgrﬁﬁ- [9047] There
is no particular restriction on the shape of the conductive particles, and examples inc ude a nearly
sphericaP¥HApBItPAREE RS e 495 IsaRiSKIBg A dety pafysRage, HseeangHagtiva BAigRsaANEr shape,
an aciculgarsbipésahdraedaly Hediighshapelukr omithe' niew/poinirnisdibé bilityfareppticatiggram.printing

with respegt ioAsyRsHRlG SRR eRdHEIvGRATE BaRferahly Ry SR aearly sphatialRhane a flat
shape or a long-granular shape Tiﬁ@hape 0 thgéondu,ctlve partlcle(f can be de&gg_ ined with a
i

transmisBST BIRUbTR RFELUG e oPWDRISH SRRl 8 spRdRI e RaIsIss iththB%ase of a
scanningbetacthekemiorbsewpe vthiéoshapedsted hethetarminaddweobgbrvidgpher cotditutive particles at
an accelgrafianomliaagcfabiblovaaiid MAgNALeRat whigkthe madar dipmelerspfan ordinary
conductive R rticle corrbe[sPordq)s to aaﬁroximatelx from 20,10 40% of the visual field. [%)148] A

.dis r131'111t10n 1S obtaine executin casure ' 1ro t]ée easurement programs. e - .
conductive adhesive composma/n ‘may mélu e asingle ﬁ}n of conductive paﬁﬁc]irés, of may include
plural kirfg&ioRedpithethsch seatrss g wabglcivesitpa beirmenvy zanie EBympsSpeptiiéive adhesive
compositigsluda iDg ude aon&ilionemetalowossasirddiptis capaiieaftaraig ansekitinn3 10049]

There is peparlicylar TESUICHORONIRE CABIen el ihgBanduGIlve RRIAISS dn. s andyctive adhesive
e O et e Qe o P o Kol

composition, From’the viewpoint of conductivity | ction o ness after performing a

conductiBArte\eispties e dhmdispcised BRI GriFEEBMEIRIRe particles is preferably 20 mass-% or
more of ffi®4ignvbhetita coopotierts iestne ttandochivshadbesite comjpositiopanndes, jpreferably 30

mass-% r e, fHeiNee PIRIGTIIRMAAMARHE QMR JEr Atk IEWRRING MAJRASIRN, the content
of the conduyctive particles is preferably 96 mass-%#}r less, more léeferi%yg 5 mass-% or less, further
Hhsorgs

preferabfff 84 PHARE: 95 Jpgean ir*?&e"’rilcular P& RO ARHALaRS S mp LR includes at

least onevidnp@hadbisigbilinebirpetisetivetobohdgmatbanshestive partigiass Wit slondokites a metallic

transitionp gretad dpatfexisl§ ok isdasneds R aicangdetve Rahaseday esn 0@ sHbSEatp &Y Way of its

chemical ﬁldhesHQ and an anchor e[fect. T e(Pipder is re[ﬁrapla}/ an.organic binder,.an inorganic
shape o pe with .a transmis at gﬂg

. c Con tfive 1C1eS .can 0 Ac 1 n CIc 1CIrOSC
binder, oracomblnactlonlfﬁerec?ﬁl?romt e viewpoint of chemical adhesion an ness?’gr

developiff BSHXANE SISEHOP SHEELSTURS birftpscisable Préte s of thicBuEERIBRRIlY cross-linkable
organic hificescapbyree-chaensianalyecaronstdidbaibsinoigarie bindactiot paoiaibinatan thereof The

binder m@é{;g&h‘ﬁ&q &6’&9@% Of 1'@ E%RW?%&&%&%&{ @Wﬁéﬂqgg ‘major diameter of an ordinary
conductive particle corresponds to approximately from 20 to 40% of the visual field.
[0048] A conductive adhesive composition may include a single kind of conductive particles,
or may include plural kinds of conductive particles. In addition to the conductive particles,
the conductive adhesive composition may include a transition-metal compound that is capable

of forming a solution.



[0051] Examples of the organic binder include an epoxy resin, a polyimide resin, a polyamide resin, a
polyamide-imide resin, a phenolic resin, an isocyanate resin, a polyurea resin, an acrylic resin, a resol
resin, a siloxane resin, a polyether resin, and precursor compounds of these resins. Among them, the
organic hyisley israierably HRashQea SEBHIEH fRRTLIEN g IURCAIRIHIG Y/ RRAXNHESIN, &
polyimide regln .a polyamide resin,. dpoly ide-imide resin, %1 h?ﬁrw‘i‘ollc resin, a(iu |s?;§/an ég)a resin, an
acrylic reSAIUTRSATRSH MR Pesint "AM S SEOVESILS %%1 L BRI HESHRL PhE S rganic
binder is fthoriskesadiieapdeRsmone sedadtsdifroae R pirtLiscebneistily edeisdpdresin, a
pﬁlyimidgd@@(uaﬁag ﬁ&aﬁwama@t@rrasiab@mw?&@h%smn?ﬁe FreRnsarcRMBRYRGR afthasatiesins. [0052]
The conductive, a ive_.composition may further inglude a curing agent, if necess in ition to
o orga bR S LR BT ) B B e et Al
exampleMAsg @eMPiRhichriie Brguswnaimgef adhetes drespsignteditheirandyriiyeaeitipsdy be
selected proferastivariyasis@t @uking agenise Spdtifieexamplesotthefatthnigpagfenibiycddde a phenolic
curing aggnt(preferally, a multifunctional phenol, a phenolic resin, and the like) and an amine curing
agent. The caontent. of the curing agent with respect to the binder may be selected depending on the
curing aégﬂioﬂﬁoﬁ%mble, the ratio may be from 0.8 to 1.2 on an equivalent basis. [0053] The
inorganic binder Ehprafedabliy atibwstvermsplecten froudhe gricap coaisting efbsilibon okide, titanium
oxide, ZinGandexide 4D BRAENRX s RGBSR EEY QTHINR i AXIHE AN RERU ISR AT PRUAC Af these

oxides. A so][-gel co den%ation ro uc%t may be.used as an in%rsgani binder. fSPeC[jlﬁC exz?mples of the
. -61[()15 Or.1S Foame ll’l% on 1ve adhesive %%GI' tH a]su I te&;g.wa (0) ISdC emltca .
inorganic binder include an alkoxy silane condensate, a halogenated silaie condensaté, an organic

aluminurpdbepigarisskan ancAROECED tithhrubindentiarstaeablyrial ogeraedtnstehmnesgrisnsate, an
alkoxy zireadecadensatendibaloganalebaireRn wansansatehanitadndsalioh andoxganiccactdr an

i <G 0,0 9%, PN S ISR AE. AR P SLANgraae . 221 o

, , Amang them, an inorganic birider Is prefe y at least one
selected $Fot &S P LB Rinde ot Bresidingiiandlysiatntiakebninnenic SinfsiGhfcondensate,
an alkoxyditarnanoacheenfatd lars miatkoxpzircahs ogiigensateo b} dMvio€ twa solngalecondensation
product ig;Hged as the inorganic binder, an additive may be added in order to improve the stability of a
precursog(ﬁ?ﬁ)rf added in th Fi;{onductlv adhesiVﬁ\ omposition. Examples of the additive include
triethanot &hine, diBTRASP A SARt BIRSHIPSHASE IR AGHR BPHE RARFE ™Ay be selected
dependimyyanthdetygsenon tdypmstssenad¢iresad dithen {00563 iThanbndeaate fmably halyargolar
substituartin theaolecriathereql] fram, hevemMpeItDfi @m}c]@ﬂ&egr@ghgemrb%&@ﬁ}nity with respect
to & metal, Examplesyof the polar supstituent nclyde, 2 polveihylene alycol rop, 2 Rolypropylene
glycol grgap,pauhy&rox group, a'carb_on?lggrou;j, an alg)mo group, ak imi e%{roup, an amide group, a
thiol gro@ﬁl%@%ﬁﬁi@ééﬁéﬁﬂﬂméﬁé&%@ﬁ%PEWG@E)‘@X? pediplida ieoeyaRRiEaRiggdaE Y dup, a
thiocyanisle @i ide-ansdanedigroybeactitoZang gratqeyarsilanaia grodpydiditasale gsoslesinda
phosphori r grou i refer I neki | i t selected from
the grouéﬁc::oc%%%stri%g&é%?eg ge[?é{\%%%%}? g)rlm%%gpo ar%&gﬁﬁ%sgn;ﬂﬁ%%%ﬁ?h%{ a|gfir:'gtrﬁaIjs&é)é.refera.bIy at
least ondEdfaehiy 3RSt LR CEHEMRMRE ST AUBreRivSHP & PHHE BRRXST TSN & PARIUASSSSiRKed
oligomerainsacasatinredmcrthergbndexitiy enddiresiveocomppsitids afchedeseaisolvent, solubility and

dispersibjifips withriRSESEHIRR SLUMRHS dBIREOVRR PYhHF RGAPIREHIGOR RLARIIGAMET as the binder.
When a precursor Or?ﬁaﬂllﬁsm ris used %S the blri, er, a.promoter forﬁronfonng,%c%ﬁ]a reaction
may be AERSOTAED S ORI A5 SRS DB S e DB AL P AARF o SR AR RS inking
reaction thedontkelherbiedficierdtopsxamptaniotecasa mcichiehthsergametandarahdudsaditiepdike are
commonjygisade EhadyRe @ theytse e Ay e saleciBtuspptapHatebtascorshagitR a binder type.
[0057] There Is no particular r%sérril?fﬁ’ uoc{é%hehf%@ ent of a bind ”?%PQ% ”Qucﬁﬁ‘g?uad%ﬁia €
composiﬁénl.nlgrom he \(lewp%lrgt or a QSIOIR e conPen'}go?gtﬁe naer is %’reftélra yI}fmass-% or more
of the noPRIatila RtARNETHE cIthEhe drkql atiden amead eI fpgsaition] Rscienpsieirer4b/coTEss-% or
more, fuiheitpréateradpych tonarshiader mayehersssttiedenpainbaftimparinogendudibtty, the content
of the bir&g@prg{g@ﬁ%ﬁgyrﬁgﬁ;%@g It%s§2r’88r?ﬁ1%r eraply gQmass-% or less, further preferably 60
s.[0 h ticular '

mass-% or le 058] There Is no particular restriction on the content ratio of the conductive particles

to the bikderin ﬁél%&}ﬂ&%éﬁ%&%%ﬁ%ﬁimsmﬁﬁﬂlf‘émé&ﬁaﬁkl%ﬂaoﬁam&%méen the
adhesiorsi@duedrtlva idonciaoimityox de finncthicknds stagsttionx ifie ratiooxidhecbomteniodiie bimber to the

content of Hag CONAHRBYERRTICIES EURRRS! CONICIdR HRIGHSR) SpREa(RIaRAY Berk0dls i 4, more

preferab i)rllcf)g"ggr]li(g'gglégrl'SSpeciﬁc examples of the inorganic binder include an alkoxy silane

condensate, a halogenated silane condensate, an organic aluminum condensate, an alkoxy
10



[0059] The conductive adhesive composition may further include a solvent, if necessary. A 11 solvent
that can dissolve a binder or a precursor of a binder is preferable. The solvent that can dissolve a
binder or a precursor of a binder may be selected depending on the type of a binder. Specifically, in a

case in Wiichan RNGRINIRNiS AN AR ABIRIRSRXAMRIRSQTthe-slvRRtInalde a carbonate

solvent uih as #rgr?/lene carbonate, an ester tol\{ﬁent such.as e/-bug/r(z(};‘actomit a %I col ether solvent
such asSB? AR G S TSR BIF oA PSRVIShA GIedl s drR i Wik 83! LR LR S &Y
tripropylésidghediien salepéiin scons) sokantingel ekae st aid. isabursgit ofdbleesemel, and a
ketone sgivenirelich @scmeiidtisoRrivhkekent anthoreihid BHydietRgribE aasadnanbich a binder
includes an i(}qo& a (pic tBiendrerUl eégmgtﬁ qfigr?aslglventiiggéu(:do% awa grasnocl)uble.al%%%%lnﬁolvent such as
isopropyfa CORo , eIt]ﬁano% %LRanq , glyCerine and di iycerine, and water. [r(%gﬁ] en the conductive
adhesive eBASPEYRIGH m&w&t@%}%ﬂ@ﬁﬂ%%rﬁ@ﬁgﬁaﬁiﬁ@%@wﬁp&fé}ﬂﬁéﬂ%@rected depending on the
type of theosalyeMvhbn pasdicgtr o conienpaiding soksedtistinenerabiycasljukiedsudtitivatilag content

of nonvolatile £OMPBREATS, ik PR SHIARHHE T A RasYr (3'BLeRieteRRlY fnfi,LRypass-% to 60
mass-%. [%OG;L] (Preparation of Cond ctlvﬁe(f]ﬁ«f:qg ive Compositio An example Zf a method for
[

)
preparindd\EBE GRTR HHRRsiVE"CHR RO IR LUBE 4HEf (SIAGEHE particles
having aandmthenalverage pdrhiclensizetaffioraddimeaom3p0o selvetigaldwitting opticrialy asdd solvent.
The typemm%qﬁmﬁ@f_ the respective components are as described above. When the particle

size distripui the.conductive, adhesive comppsition obtained as a dispersjon by the mixing is
crastor thlh Ble B AR RSP PSS TR T mdomurn
particle sizevdPineadisperelongmalcsrdjdsséansy patfoiepsgt doctansifibatibramdenehthooda] The
dispersingibigiaieie i dsuge Heienethwith agtaromesty uspol ghspeyiale Exanpespfdhedisperser include
an ultrasopic di in-laye ar disperser..a b ill,.a high-share mixer, a liquid-liquid
collision gllqs)g ’rggr?:ﬁ;%{léﬁ%%?é?ﬁogéﬁn%?g é%srzfl{li}tl ?ﬁ%%ggggrﬁqlﬁ%gﬁ?éa@é%ﬁ{%ghqd%a colloid
mill. [006HFHHECARY R ARHPYE SR AT BEXYeH O RS W%YéB?&?n%ﬁWﬁ%éﬂo%s%iﬁcation
apparatushidgeyamptesoiphe glassifigatipnaappanatus onpluds lancen fitugah sepaaat groapidration

apparatus, & SyiRatcRt GertHfugahSeHime IR AR S MR SRR ISP dimenialgr, @ disk-type

centrifugal sedi entatﬁr, and a sediment tl%éobperatlon for coarse payticles by still standing. [0064]

[ConductttIaer By LBrRsRIESHE Of hARYHBLIHORSRURCIHAMHG 0 the invention includes at
least ond @¥fductbe laipdefarprielgrebiypo ststrocoredattd érnk)the reocprdustive gnif imphedes @t least
one kind @fiopgrpRICRaIgas ihabiRaisdecomMeialie oxXide candawisee RN IR adh&igenductive
ink may further include other components i[i ece %%/ér'sritgel.?ond ctive ink is pr fera%tglsyaliquid in

i .

. C osition imcludes a solvent, solub an 1 with respect to a solyen .
which métaltie nanoparticles mamlfi/ ormed oPa metaic oxide are dispersed in a Hlspersmg medium,

more pref8pAPKEd igusing AHRMIEOp pEAIbaksenirsphetiirdetaiMFo iserbrsesgper oxide are
dispersedlipondispersiogsnediindeAs prediatdd i phoieh ane partigesanainigroead ofi¢apper oxide
are disDeﬁ?%Qcﬂcﬂr@sdoﬁr&W&er, for example, progress of a three-dimensional cross-linking reaction
becomes more efficient. As a promoter, an acid, a base, a metal catalyst, and the like are
commonly used. The type of the promoter may be selected appropriately according to a
binder type.
[0057] There is no particular restriction on the content of a binder in the conductive adhesive
composition. From the viewpoint of adhesion, the content of the binder is preferably 4
mass-% or more of the nonvolatile components of the conductive adhesive composition, more
preferably 5 mass-% or more, further preferably 6 mass-% or more. From the viewpoint of
imparting conductivity, the content of the binder is preferably 80 mass-% or less, more
preferably 70 mass-% or less, further preferably 60 mass-% or less.
[0058] There is no particular restriction on the content ratio of the conductive particles to the
binder in the conductive adhesive composition. From the viewpoint of a balance between
the adhesion and the conductivity in a film thickness direction, the ratio of the content of the
binder to the content of the conductive particles (binder / conductive particles) is preferably
from 0.04 to 4, more preferably from 0.06 to 1.5.
[0059] The conductive adhesive composition may further include a solvent, if necessary. A
11



12 medium, for example, a liquid described in JP-A No. 2009-215501 may be used. [0065] The
inorganic particles including a metallic oxide that is included in the conductive ink may be either
metallic oxide particles or core-shell particles having a core of a metal and a shell of a metallic oxide.

Exampleg,pfdharmetah airieant shatdermsdhe-melalicraddainglude cemper. silvetoRalediym, and
nickel. Among them tpe metal element thaftf rms the m ta”If oxide is preferably at least one selected
bt P e denehiine dudh

from thecgfi% tonsis HE%%‘%%%Breercgﬁgrsﬂv éé‘}af”heeréeise%g p 41588t |§ti6’Reo?1ft?1e content
of the métaieroxitemiradlzdimathesmorydumeh paieksc Rndergtisentiainnsl esatbimdst.threamplesilic oxide
in the inaypaRisRRsticiaslislpretersdint8Adinass eRh i Teate: pigieiah 2l erassviataomore,
further preferaRly SRAMAES ML Qe LR pualil.Jn de canductvg nfsagaarring o the present
embodimer¥t, that a metallic dXide component ai usesPaspg metalformate or aymetaf’ion during
performifeR X erfIabiralvaoaIshinethearriate ARd GbpoRYs BHelyRdtansline ioalaBaYe particles in
the condusitieatadbieah/eilpyenland aslibmytsytlchocandlciod layeniersobaifitoneihs eastbyictive ink

bonds wilhthe, FREANEINR Adhes enlavanherely dexelapipgiarheiian aRd RIS adccordingly,
the content of the meﬁ%llc cgilde Ln the inorganic particle |sﬁ%r%[5e15tabl 80 mass-% or more. [0067]
There is%‘é‘%érﬁéﬂﬂ? SHHP O thiehgsE SHARE TRBIRIS A PRRIDE L SHAY BPEBEherical shape,
a lumpy shapel, athacidutartaivdpdyecpiatyasthdps yectomy-grdmu@r.shape, an acicular shape, a

polyhed rﬁkﬁhtﬂﬁ%@gfﬂt@%u#ﬁ%uEﬁe%m%mfv}%%@bmﬂiﬁm%@hrt]y @1%14@%5&&&?@9%3@%0& the
Inorganic parucies prerer Ve a erl ape, u ape, a long-granular snape, an
il i e R e R i R e A 5 A
with a tréhenfbatahieetestbhiiefvetionyushdhah dee raatgoholdleayelatileiomanecatiiadiffication at
which thenmgjos giameiessofamerdinan inydanic PRRisle- LotsaRpPanRgs 19 approximately from 20% to

40% of t ' leld. There i ' tricti the di ter of the pri ticl f th
anid SR A crer of the primary paries of the.

inorganic part . From the viewpoin Ispersi , )
inorganic particle§8 BraRREN #rBIRtCA P EPHO8T 1N, SHRtECHMSTAFRBRVF SRIMPAHIRS 50D nm, further
preferat_a hylétqu dOmixihg 2 GOnden a‘ﬂtbcnpdmbéwaperﬁge_sﬂmimlg esmerq&etma/@ﬁgwpyrr_ial&islescﬁ’f _the
InorganiGRATICIES MHaYAFIREASHE S IR AFAnT ISl SIFFLIRN MIGEASHEPEAT I ELASERYENY

electron microscope. For example, in the case of a scannjng electron ,rqlcrosc pe, the nu ﬂ}er average
particle S22 6IRRE b FG IR AR RIS L L AR BAOSBEAREE by'd %F%Wfﬂg %F@é%ﬁ&“ﬁ&ﬂf& ‘an
accelerationdvotizigedhics v kvoamu sitinaghifivadors atdispiohitnebglithmeering ingasaseagmmdiganic
particle _Célfé%ﬂﬁé}ﬂfo%&[aﬁfg&iH@@é’rﬂﬁm&@%éﬁt‘}@% B Peeryisual. ﬁeﬁ)e@ﬂﬁix@rﬂ@ﬂi @Qﬂﬁkﬁﬁ
arithmetic. average dvalue of the eguwdallergt gcle diameters Olf a nglredt inarganic particles that are
randomI)%ﬁ8senefrésrﬁetﬁ%%eo?n%lraﬁlan?cap]élﬁlg e¥Xe L%I]i?]lgn ao%@%bé%dgginrﬁ?eagﬁ other and not having a
distingui$he®id pFoeIdispersiBadechingicts RIEIBIbE bR eonemenbevaadHoRet Particlasnales single
visual field tHelmgeass griedt isnaatrisdmc dapplveal visual fieitsh {068 dsoppdehniadd, Manoparticles)
Coppef'%?gi‘?—%?é‘ﬁﬁé‘é}lcﬁEiﬁ%ﬁ‘{&-_ll? ﬁfﬁr@o?i}’s%h ?Zs?e?s@:?, 39l t-%Beféﬁ%Eﬁ%ﬂ%ﬁ‘é{%‘f&ﬁﬁﬂ%ﬂl f copper

I
oxide particles and particles having a core-she ucture with a copper core and a copper oxide shell

(hereinafteiriiugaldieied 1ol ailbamdet ridmikide core-shell particles"). Either one of the copper
oxide paftifiey ofMtirectoparitoppenoni wasebsipelifpartid ey meynbeandedsat dotkifrrayide used in

com_binagﬁﬁal{ﬁgéfﬂ ESRRRRS Orifle BatifeRion afptAMRIGR RS SARRRILAKIAERATICISS include
partlclesﬁ at include, as a malﬂc%ggonent, co%per 1) oxide, c?;%per %I) oxide, or ixture thereof
There is HEBRAACTBF AN RSN I L COERe fSSSéé%H%S?Fdé‘ AR oRBE S/t BaTticles. For
example sédisnpnedanalolyligl-tyressettrdr gabsed mentaprefend slyeddrarission epatating forgrargsreferably
95 masspy4 8 destinsaRRRE! oxide particles may have, for example, a spherical shape, a lumpy
shape, a igular,sh or a platy shape. The.copper oxide particles may be selected from
commer@a@é@viﬁ%@%ﬁcg ﬂ%?g’,%é@hnﬁéz %%88%@ 8>_<'de nanoparticles produced by a vapor deposition
method from CIKIR&FHNIOSEBPHGTASAOEEPHET Biidey pRliRIpHIGIEIES sy irpE SR8 dByacHasma flame
mgthod frgférl‘ﬁ:b’iiﬁhﬂg Eﬂ@wmg(bmdmdﬁt;e mppem)é(iemafdtc}eSIfRQﬁtﬁhmiﬂ@sLtﬁe Rind copper
oxide ”389%%%% EXME‘E@E&‘% i%Xlﬁd%%%ﬁQtMi&&?o%ﬁ&t‘%%, %@rg%gsggé%&iﬁlﬁ?esﬁhgoﬂ Ltd. [0070]

The primarﬁaa ticle’diameter of the copper oxide particles is p y from 1 nm to 1000 nm, more
preferab§PREHEY kS8 AW RCHRAI pREie: SBIRPSRN ol hRTIES 8% nnt 166G PR UESY B Eopper
Oxide CorefSthabllyRdrtieldsa which metallic nanoparticles mainly formed of a metallic oxide are

dispersed in a dispersing medium, more preferably a liquid in which copper-based
nanoparticles mainly formed of copper oxide are dispersed in a dispersing medium. As the

liquid in which nanoparticles mainly formed of copper oxide are dispersed in a dispersing
12



The copper/copper oxide core-shell particles are inorganic particles having a core of metallic copper
that is coated with copper (I) oxide, copper (II) oxide or a mixture thereof The copper/copper oxide
core-shell particles may have, for example, a spherical shape, a lumpy shape, an acicular shape, or a

platy shapeaiTiie SARRSHEARRER QI SorSplbpatide s sslsgttogommercialy
avallable CIS, SUucCh as .copper.nanopallicles re S esize asma fiame, metnod an
e a 1Ty SDADaE SR ISP GAITR LG AL P S AP BT rat have &
forcibly oxidizen e disleer, freial TOERIRNIA PRI ies Syesteasbal aCelaaday o drm nsalindgoint of
improvingheflhgsioneamacanndeictivitnabrcondiciaiayemie canerhoticopren nxisede the
copper/cgphel oxide core:Shell RATIFles, 5 Bisferabl B0 Iess:7a0r HaLe [IR(e Aelerably 90 mass- %
or more, urtlflwer p er’ai) Yy §5 mass-% or more, in the tOté amount orflcopper oxide and metallic

copper. IFeaHis HEGASPESRbEYDE FRtasoTelRteth R She SBAvR AsHE! B9RPS @fper oxide

componeaiitdiffuses as copper (I) formate or a copper ior! during performing a conduct.ivity developing
treatmenopag depRsils AN d4Retal A" IRGEABAYGIKE PAtGES MR SomdUsYe AheRlysayer, and as
the resulf, a conductor i%yer formedﬁigﬁgﬁﬁ; conductive ink bonds with the conductive adhesive layer,
thereby dRVSHIBMBPRISIE imPHB\Lg ShCSRIPRD EtWﬁﬁﬂlr’c‘id’?%?erH’et B BISERRYP PaF kTS
core-shelb partictds pbéferadsh) haveaqrineasprdetididystderoisi-dtot mareofW@d prafembty preferably

from 1 n%59559%%1@rthﬁﬁ@ﬂ%ﬁgﬂﬁ%ﬂﬁ@%éﬁhﬁ@ﬁ&@ ﬁ@%&a&ﬁﬁg% ﬁi&%ﬁeé@rﬁ%xﬁ%&iﬂéﬂt[ estriction
on the cciﬂt}?nt of thle inorgani%%artlcle .}fat includes metallic oxide in the conductive itnk. From the

. - thaf a metallic oxide compo en{ 1tfuses as gtal Tormate or a metal ign during per n .
viewpoint 0t adhesion and conductivity of a condud or layer 6 fornsed, the .con%?ﬁ o(frfﬁe ﬁmrganlc
particles s préfstanly develapkigdrentment ambespnete tiblymoareishosurdwdie wtHdsspedido the
total massadibeveaniidsiivedpk|Q8d 9k (RspertingMeditidy) layerhsamen af the Wispaisirgrredium
included jp, the caneelNE RIS NCile ORGSR RGN B MRHIXRIRGIRNE, Nimgylpyrolidone.
propylene carbonate, ethylene glycol sulfite, acetonit |Ie,.suﬁ ane and terpineol. Among them, at least
one seletetPTng thdhs eRIBEE RS S SR NHAKAS HEtBR &P rapinarEickbbridedesilyidle glycol sulfite,
sulfolanenmdr%mimm’eis preferred. T_he dispersing_ medium may incll_Jde a single kind of prganic
solvent, Gqaay Ielde O RrmAE s AbewAHe Selvepisn R n e Ariey arissikalion on the
content o%?ee,dllzpersmg edium. From the v %%(/]v‘??]ggt o] ilq?CO%lty characteristic, and from the
viewpointRICHGAEHBRCaR YRRt bR - APEHYC B fo ¥t HAHENRSE fHe dispersing
medium isigredeshibhe SOMobbsdelothiass anbteegiieferablgrBthmaissvppiot dsbspeitiivdgpeotto the total
mass of (he-copdbriiveriMs{9 A8k Tha ceRdpsHnadDiETaMmbIckie atlifi-sRMRARENIS [imggdition to a
dispersinsglll mediym and inqrgaﬂic é)articles con ining a rqettallﬁz oxid hEx%mIplei&f such components
include a safpr?age({ré%'ﬁ%l %ajlfsa rd ?%gf%paﬁf iﬁpﬁar if aad'e% Bthic eense_re,1 and a reducmg agent. In
the condbetiifdcikanties deteanned & AR COPHHeht 05EHsa R YRIGIMIIEROEeBXRIMNoN or a nitrate

ion, and wtaérsipreiolaiply 3O0L0R0 massrfmifitdEss, aNwtadprefe mbiyr 4aoR mastapprdiantess. When
th t ionie i - | |ati ipitati
e contgp aﬁ&rﬁ%gcggor%ﬁ%t@ﬁgﬁﬁlg Xﬁ E%&i%&%gggg%}??ﬁfﬂf% §PtCORIU e orpiggipitation

of a component Ir; cah be suﬁefr ] The composition set may constitute a
compositibRMRHIFHRIIERGHMEP R MR SEHBAE i SRfoRTEnay tretidaoltbs iageemitmRm s mposition
and the dondutdtive adhesivel depgegitiay, thxamnplesod e pimacopapdeients theluaeganiinstruction
manual deserRINg,RPRRIHGAIANPMRING fipPNAHCIRSARYRIra RS HBR i DAY AicoRAHEt Ve film with

a conductor Jayer-forming com ition and.a conductive adhesive compositjon, a material. safety data
et o BRIt 13 B AN St g R RE BT BTG e il
an anti-reéthemengmiaparnicles mephduetesurgdewitna troukitisgiinkslactiennimey aolrner aritha
hydrophiieihtiephelisntisrigR0bagerb BB r GanBeeive P uRSHMED cleclBR £ANGUEsYE Ssubstrate
according, (o (hGOVENIR0 KRS, 3 upsliale Nawing. & candustive iy 2 aancictive diesive layer
rovided on the conductive'tiim, the conductive eslive layer peing a cure roduct of"a conductive
gdhesivei%aﬂ@éf‘smﬁfé@h%ﬂgiﬁ%lwmV&Hw%ﬁﬁ Ledde %&rﬂ&@g%i&ﬁﬁ@a #Huriper Bigerage particle
size of framnletmoitadA0Orage; Atk Ropdticto ctayspphavitdeshprotieenductivecndnesivs yer, the

conductqy, layer, GaF0RY! ifi‘cgc%,l%%ﬁhg‘éﬁ %Mﬁgtgéﬁgeli’a[sgéj%ﬂééfo% i %Teﬁyﬁfﬁﬁrﬁﬁ‘%%%&%“posmon

comprisin ahdlsgersmg medium and inorganic particles comprising a metallic oxide.
OI a nun

red inorganic particles that'are randomly chosen from the inorganic particles
excluding those overlapping each other and not having a distinguishable profile. In a case in
which it is not possible to choose a hundred particles at a single visual field, the measurement
is carried out at plural visual fields.

[0068] (Copper-based Nanoparticles)
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15 conductive substrate may include, if necessary, other components. [0079] (Substrate Having
Conductive film) In the conductive substrate, a substrate having a conductive film is used from the
viewpoint of developing a function of a conductive adhesive layer to establish a conduction between a

conductor layer fored.-BamumeARSALNS Ink AdkABHbRIEle: dliakeRiale Rakig:aygonductive fim

may be a substrate gf an electr %c cond ctor ire.body is c nCHJC'[IVG or a8y ubstrate formed of

an insulatiy SURR ARG T %8%%‘& > FS) é&s affedstone 388%?%% th8GRHYG substrate.
[0080] Exaraplebaoferpsetalide éhﬁib(hﬁml@@ﬁ%oﬂlﬁmrﬂf@trﬂﬂrmsf;l%l"@@nml&ﬂmﬁtrﬁ?@ﬂ%tmmhéﬂe having

a conduq:tafﬁcﬂhm jnclagdgeRluieiophe COPRaT ositkepagaiits RatiuBppiskep it Jerld doatiadiim, indium

tin OXIdnéa |nd|u Z|nc xid Q), zinc tin omdd‘é T quorlne -doped tin oxide (FTO), m02,
5n02, a En ES‘P% e cond ctlveﬁq(ﬁll%pr%é{‘zeora f/c}r%lﬁo gm? east one selected from the group

consstm@%@%e TrepRrr Shdds Bt Compounds as mentioned above, more preferably at least one
selected from th&ghaippes@isistiagp péadotidispunt deQimbjpgrepaticl goloht{ (8idd e casenof a substrate

having ap skRIRS.SIRSITAIARA 2GAAYEN & JEn e AR Ahleast ondsulecs Bl fasulating

substrate, there is no {géartlcular restri hape of the cond uc ive fllm insofar as the

conductlxl}‘ésﬁfﬂlf?[ﬁ’r% SQURRE f‘r@ﬂ%ﬁﬂ’&%ﬁ’s teOPRYE CBABRATNE Tim )FB v?&é%l on the
entire supiateraflihelinsskatingranbstyateropieiayably Stovidsd’onlymora pathoef phadrshljatihg substrate

surface. |R,8:0856r %&Q'Chﬂk@&%ﬁgﬁ%ﬁﬁz Eﬁﬁkﬂé&rﬁf&? GehRN f%rF@Jélﬁf)l@% '%ﬁié'ﬁé‘zﬂ%l%ﬁésﬁate surface,
there is no rl;l)artl ular restnctui)a é)lq the sha slﬁ]e regl?ﬂeat which th ctive film is to P%
ed

provided, AN ;P%e selec %Per’lglrnag oriRed urposes ar%’%ﬁexn lecrgslénr% p%l? icular
restrictioF R feERRERITALSFRHE e dredietivestiith 28 aaPpR %@WH@&W sepdersd HEPending on the

purposes:apeF Xasipleh fhaﬁbtcmﬁs@nm@m@@iiy@riﬂnmi&@p@&raﬂu/effﬁﬁbg&mgo 100,000 nm,
hore Pl a0 RILG FRAOMEMR HIRKGSS SR SANAHETL BT S ERNiEC win

three-dimensiona ntact profilometer, a st an Xg:q? [0082]
ExampleR3giigHs ﬁﬁ%@i&hﬁ»‘g}g@&%&e mgaep&rfwmdsw@ﬁ%sm%@& 8 #8 Ssﬁ \’—‘!Hﬁxy resin, a
polyimideisehinga sititodeianiiabrpesly@mjdedmide resin, a polyamide resin, a polyethylene

naphthalgig A6sinyiR BANSHShasliong.isie: @f%x%ﬁklx%ﬁe%&%%ml@w@@ﬁ &3 Apglyether
ether ketone ra in, a polycar resi allqumz?]iryst?rl (})}ymer sin, I{:ﬁte es'sj esin, a fiber
reinforcel? 4R T o BI0BIaNA FEY &1}8@&%6@@ U IR LY SR B im,
silicon n|[ﬂélbor@nmﬂr(@@p&nd&ﬂldoﬁemﬁt!eﬂ Phetrdds-no particular restriction on the size and the

thickness of the ingula ma@ﬂa@eammp@aem@@m@m@@m@pgm@ £Bofaepurposes

|
and the ke, fior example, (e Bigkness ofthe V74alno SuRsIals Js RleleraB lor A to 5000

The copper/copper oxide core-shell particles may have, for example, a spherical shape, a
lumpy shape, an acicular shape, or a platy shape. The copper/copper oxide core-shell
particles may be selected from commercially available products, such as copper nanoparticles
that are synthesized by a plasma flame method and have a naturally oxidized surface, from
Nisshin Engineering Inc., and copper nanoparticles that have a forcibly oxidized surface, from
TEKNA Plasma Systems Inc. (Canada).

[0072] From the viewpoint of improving adhesion and conductivity of a conductor layer, the
content of copper oxide in the copper/copper oxide core-shell particles is preferably 80
mass-% or more, more preferably 90 mass-% or more, further preferably 95 mass-% or more,
in the total amount of copper oxide and metallic copper. It is thought, in a conductive ink
according to the present embodiment, that a copper oxide component diffuses as copper (I)
formate or a copper ion during performing a conductivity developing treatment and deposits
on a metal of the conductive particles in the conductive adhesive layer, and as the result, a
conductor layer formed from the conductive ink bonds with the conductive adhesive layer,
thereby developing more improved adhesion and conductivity.

[0073] The copper/copper oxide core-shell particles preferably have a primary particle size
of from 1 nm to 1000 nm, more preferably from 1 nm to 500 nm, further preferably from 10

nm to 100 nm.
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more preferably from 10 j.tin to 1000 j.tm. The thickness of the insulating substrate is measured with a
caliper, a digital linear gauge, an ultrasonic microscope, or an X-ray tomography. [0083] On the
conductive film of the substrate having a conductive film, a conductive adhesive layer, which is a cured

product ghg7agnauciiyesadhssiva cRMRARIHGA thahinchidss srkindabaRdic PRIty mRarticles having a

number ave;lr eﬁatrti?le si%? offtom 1 (rilmtto 30%0 r;i[_n |s§lrovjded. On Iihe onductive adhesive layer,
a condudfSP ISR MRAL TR RS LRSS WHINS 18% redQBLHBrAGNRPBY & BB A er-forming
compositendiritviirlatie s disper bisier todui dpimaedl theggatiotprths drorgaigingrachaetallic oxide, is
providedpRiremifa Sanducive adiesivererdnBudes adindesandreonduciipdatyeirsibraying a
number %’f%agﬁg?c?rgCl g{lzyee\{\ﬁikhin a specific range, and the conductor layer includes a metal, which
is a reduced pro uc_:% of the Inorganic particles, it is possible to achieve excellent adhesion and
conductiVityBétiEbspereEtH film and the conductor layer provided on the conductive adhesive
layer. [0084] In tixaaptiyciftbsdiptiaieg ihediomductividdhdsiveldyetivaaykbequdeidachsita region

on the insyang srhsiais AleraR:e. cRadlie Bh L AdsUTia (amdraienan e cadyctve fim.
In this casi%smce the insula ‘?ﬁq substrate itself does not have conductwﬂy@%&g&nductlve adhesive

layer proVied-Ges e stHg b athie RiRlon< 0885 Remnh RsERAE i Hthe conductor
layer ancithepinsofating sdlystreteo]8066¢, Prepelisaoapbotietdaethestrictibycohsthtaverdgleithickness of
the condyclivgadhsisiy ﬁﬁ%fro@hmﬁ%ﬁ'@%ﬁagiﬁfeﬁhﬁﬂ hesjqRe e avgragerinickressaaidthe

conductive adr%esive Ia){er is Qreferabl 10 hm or rfnore, more preferahly 100 nm or.more. From the
. . %ol}len 81‘ a{y nc]ﬁl two or n¥%re ll’ldS (0) TO anic 88 Ccnts. CcIe 1S 1i10 articular,
viewpoint of conductivity, the average thickness o conductive adhesive layer Is preferably 5 Rm or

less, morespieteraplytherrantsnfeisthdisperpregaradiym. Rirem &k VRGA MO edA96iHt of conductivity
and adhesigactheavergadhickaessvaidhe conthisive adhesivectayiey i prefedably:froferlo kun to
2000 nm 'Hﬁ(éﬁ Qﬁ%f%%f%%fé?(gﬂe%éeﬁ'é}gtﬁgﬁ%%}ﬁ% ;{H'Q%rré’oﬁf%al%'é’sﬂ%}?&sﬂ 1000 nm The

a an

average {P]IC néss of the con uctive adhesive layer e determined as an arithmetic mean value,
which is BISHIBE Y Masisuring eae datrcspes ittt vy idmeRmdy Vg e conductive
adhesive Wit anTéléipsathetere mkutiey krifedorotherldempdrikdppintsideieatedaadsipcasilyewith a

three-dimgengion %hﬂ‘?ﬂa‘fgé}{ﬁcéé}fﬁfﬂé@'&%&fmﬁ@tﬁ{'&%@[ﬁ@ IQERIer, 1A RIOBHG G B AYGRRROPE
(AFM). [0086] The canductor layer includes. a metal, which is a redu%%dg]grodu%égf mcgganlc particles

containing AN et HE &G deN OB ATHE it BEIRT SRR SNBARIRAD &AL AGHEEFBN" R AiSAHEHE 1ayer
preferabgint|udesthetaiic doppek, The ceritenoop articular qespiotion, svcthes votbmadesistivity of the

conductapl@ual idiheriohime: iReisiivily Bfctne pRIEBIONIRWeD mmeigmlly ENor pAletdory t0 1.0 X

10-7 lim, referably from 1.5 x 10 Jim to 8 x 10-8 lim. [0087] From the viewpaint of conductivity
et g el TRl el BSOS AR e I el

some of BBV ETISHiciOsSH] Be BN BIRSIREAEER SSioC PRI Iritas BoREHSEY MBkecprdierably, the
conductasulspyresdads a volume resistivity of from1.5 x 10-8 lim to 1.0 x 10-7 am and at least a part of the

metal in Wﬁ?‘éfjndﬂ%% 8§iéf093 6% %ﬁ&fﬁlﬁéﬁt& %s?tfii?r?izglf) N IRATHEISH 598158@31‘6%”3

adhesive layer by metal bondin ere IS no particular restriction onthe average thickness of

d
the condltAILRAN FBEIERM BHIN B YIRIDE cIRRemgRd et trsagBsstSr conductivity, the
average thiokoes®nf tHexeompiesoddrthayehds praferadiys 100wt ar insone; tiow reaprefiededalyiirogr 100 nm

to 100,000:09 firtRsRrRfarahi LR 1R0PBh R 200 Hie AVRARE (RIRKRGS ] the conductor
layer is dete(ﬁmlneii as ?g arithmetic mean value, whéch is O%Iﬁ%md bg measunng the layer thickness at
f ﬂﬁ‘éjr?s

10 points SeIEELRE AYBTir SFK/ Wi AR Ld FORAFRBES ASHESEI HOHIBRTELRP: A Bt brofilometer,
or an X-rsafaordegralndey. a certificate of analysis, a reagent for a conductivity developing treatment of

a conductive ink, an anti-rust treatment agent for a conductor layer, an insulating ink, a
cleaning solvent, and a hydrophilic/hydrophobic treatment agent.
[0078] <Conductive Substrate>

The conductive substrate according to the invention includes a substrate having a
conductive film; a conductive adhesive layer provided on the conductive film, the conductive
adhesive layer being a cured product of a conductive adhesive composition comprising a
binder and conductive particles having a number average particle size of from 1 nm to 3000
nm; and a conductor layer provided on the conductive adhesive layer, the conductor layer
comprising a metal that is a reduced product of a conductor layer-forming composition
comprising a dispersing medium and inorganic particles comprising a metallic oxide. The
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[0089] Next, an example of the structure of the conductive substrate according to the current
embodiment will be described by referring to the drawings. Figure 1 is a perspective view showing
schematically an example of a structure of a conductive substrate 10 according to the current

emboc"”&%ﬂh@ﬁ@féﬁb‘iﬁa&’e‘%ﬁ? f?k'ﬂlH@ %%%é&%%'el"%%ﬂ%ﬁéame In Figure 1 and Figure 2, a
conductlm éyéT gs Pgt‘OV{d over ntire r%r]%l of one surface of an insulator substrate 5. On a part
of a regi g i glggna"u oY pposite to the surface facing the insulator substrate
5, a conductive dalibsiventiigsive subehtis &&@@%tplhﬁjd@g efapredueitviublivdsdiedsitarctheaposition, is
providedy o prdRiadRpian ofanstoRee @E@h@&@n@mﬁ\é&wm@@m \ayss1kIPRROsHECINE surface

facing th%8 ongrtljgt%e cfi”m[or 18 cogduct (Ij% egg 1}(1)(5uc?d frl% an ’t‘ra Qr Ia]yﬁee {9 mln% composition
is provide € conductor layer to the conductive i yt ie conduciive adheswe layer

1, and .sf@@@ﬁleawlﬂv%vﬁi PRAthe LoweRittce it eéeqﬁlm%oesﬁﬁe&f«}@% BatHstRody, i which a
conductarnlajeniz e accandibstive: dohesivel ayatsil ancadanductive dikondlarevaydne bimthisorder, the

conduc:todrt I@gg&gg{@}@& %l‘?f?él%?ﬁﬂfiséﬁﬂsﬂﬁpe conduct|V|ty with respect to the conductive film 3.

[0090] 3 is.a perspective view showing schematic y an example of a strycture of a conductive

e
substraté%%%c bramgls flé Qi frémdaiiteamaat S AConMME ¢ LB L &ional view of
the sameuhstRitunevangridchiglueive Ebmdoctivie ﬁlmslnmeq@mmdsdm wobdrgdpoinsrof migrface of an

insulator gy ll§£'€iitﬁaﬁa@ﬁh@ RS ﬁrﬁHﬂ@@?I‘T@Pq]ﬁﬁﬁ‘&%ﬁ&%ﬁ'ﬂ&éﬁﬁ@@%ﬁﬁ%ﬁ%%@é@i@ﬁ facing the

insulator substra nda rt trzg ce or bstrat 5,.a¢ nduct heswe layer 1,
which |s§cﬁ}rel% p0 cflo 'ﬁ g} ?j P\;Gé adh vergif;%rrlnpossjti%)en“fsr:1 r}lr(g\l/‘f ef(cnll 3nnect the two

conductivéctilaes at lcagtioae, wheatphfianahsugraep W@%ﬁlfﬂhﬁ\i@%ﬁé@ﬂ/@%@l@ﬁ P@pp@@@ to the
surface fagiﬁgnlﬂi@ls@raﬁaeéiwﬁéﬂmé?@mym leslaierssledaiiat® D, tcondpaondryap 2formed from the
conductor1 ;ﬁ)rﬁ@gc 2)&1&0 % |(§ provided. The conductor layer 2 is bonded to the conductive
films 4 by the conductive Adhesiv ayer 1 and the insulator substrate 5, and is in electrical contact
with the i%%ﬂct@eafﬂﬁﬁg af wﬁét@éﬁB%Weaguw}%gzwhﬁtméﬁéﬁé%ﬁ&%ﬁﬂ&@é?r@%dprov.ded
SO as to oonméetsthvméwor taedifativenimsgidgyutheaonductienaghestvdalangstrictidre cxothd sbtgrelayer 2
exhibits %ﬁﬁ@%@h&?&ﬁ%?ﬂrﬁ‘ﬁqs%%dé%\é'%ﬂﬂ%{%ﬁﬁ% {0 ﬁP@v&fH&d&FH}’@lﬁémﬁn &iggirically

connects the co C'[IV films 4 rowde t twq regions. A ure 3 illustrates an embodiment
W

in which 88’ﬁ ﬁﬁ’r@gp(/ 9aY8Y'£5SE PR Fd%‘%flé‘fs%‘ ‘E‘%‘? fﬁﬁ RIREOSHARL EBRims 4, it
is also pbsgibderided mlbrovld@meowmjmuhﬁiagihelsstl@thaysrfam:at slder sasfacews ot bhibconductive films
4.18 [OQ%MM%H%QE BredidetnBrOnatsH R SURSIRIE SubstraldWIMRNIARRE Rrag paitiaconductive

substrate agcordln th |nve n mclude,[s 3 ProGess of formln @ condgctlve a&irHaswg composmon
ction % ion at w d e &n % rovi
layer by applyln onto P su Strateha ing a conduc & T, a conductive Bdnesive Comp05| ion

comprisifg @bma@ﬂwémth@wwmw%mﬁ@@nu%@ﬁ avepaRfstsatfEeSieioneorha nm to
3000 nmehacRriesess it fesndingiacconaustiy ehadiiebiss aysr thyselutngl i didder on the papdusiive

adhes"’%?'%]&ﬁ? 1o d@u¥ﬁlc1& dﬁ&?ﬁa% EB‘&UE‘ER% ﬁ@?i‘%‘ﬁ 1RL4R) fr&%r‘i‘ﬂ‘%?&l%%%lﬁyer by

applying, onto t ctive_adhesive éer acon ayer rmlng composition comprising a

dlspersw@%%ﬁff?{ IR b 508 L Bpridibe thirkaeshieldR e B piYER LS of forming a

cond uctanéaymredomtmresth@&dmemisbgnaédumngmﬂaet metaltinetide syloe pofidoctaelayeasforming
composnjppa yc%o thod may further include, if necessary, other processes. [0092] In the

process ndu e adhesive c osition layer, a conductive, ad e5| osmon that
mcludesfaé@)géi]e%% S IE S YRS I Mt UL IS8 BF BRI 0 3000
nm is appn@@@mmalsubstrht@nm/mgm goHtheopvissiima Phly pardedmaideotsin spobyranedhaciig a
conductIu%l%mpr&ﬁ%mnﬂm&ueeaﬂh@w@&ﬁeﬂ@9%@1@&&1%M&m@%@k&w Fxamples of the
method ftor Qf@‘% %a conducgivetf;? ve gom ogﬁllog onto zarl)sot%lb%érgletsg incl ldeda (%oatépg method and
a printing m hé coating Thethod and a r|n gt% e Selected from v inarily used

methodsPByBerdesitg %Caéaﬁﬁgj?ﬁ?éﬁ%ﬂlo% ﬁkﬁrﬁ% ﬁﬁ@%ﬂma@cb?ﬂde}&f%fﬁﬂﬁeélve composition layer
of a de&t@(ﬂy@h&pﬁeﬁ&mbﬁiﬁermﬁd Qass shliistraisllyropaiittied AhnsdicasaiatideyBuaghacadeuctive

adhesive, H@é&l@g}@ "R RE YRR 1 ASSILER POHSHD PR SRR pebly usec.

[0093] SpeC| ic.examples of the coating method include a bar coater method, a comma coater method,

a die codfsPlERgoYP atréﬁ? Mé&%thsaelaﬁ?sm%& PO hAnHAS MUTRP S ART Higthod.
Examplebkef thEqprimtimplnetieatiivkolexder fitbenpenl pringing shethodpafetphnfogq rhetnad, 800nk jet

printing ﬁi%@r@ﬁ&@ﬁfﬁfy@&%ﬂ)'ﬂﬁm@%@@ atsetmningReabed & MspeHmGHRds and a

needle dIS enser method
measured with a caliper, a digital linear gauge, an ultrasonic microscope, or an X-ray

tomography.
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[0094] There is no particular restriction on the thickness of a conductive adhesive composition layer,
and it may be selected such that the average thickness of the conductive adhesive layer is within a
desired range. For example, from the viewpoint of adhesion of the conductive adhesive layer, the

thicknes 0@)‘8@]6 M%@Mﬁi@&hﬁﬁﬁl%ﬂ%ﬂ%t@%ﬁ"ﬂﬁé&@f@ﬁﬁﬁ%@@'ﬁﬁﬁeQ syicduthrkthe average
thrckness fa.co ductrv hesrve I yer i 10 gm or more, nategleﬁ freferab?}% 100 é]mor m‘gre From the

vrewpom? ROt IY;V/&) 2 EOHIIART9d U RES vRndN RV TRk SR RE TR RN dRE VI Sehesive
compositiidiayadisqndifetiap Iyaa@@t@eavsugh thanbheayvetag patticlerioss ot fleenconanferi08dhesive

layer is mRMOfr@sgemorepiataiaklydiRmdtclase utyétherc@ﬁetert@bhﬁﬁeﬂﬁwmtﬂﬁaetmaﬂhe
conductrveha%hesrve cQ pOSI&IOh Ia)éer fo& c%jr en the substrate i is R ferghkgl mcéibt?CtGd to a drying

1S a reduc O () Con orming com €S a
treatmen‘fv as necessary. é) periorming a ldrylng reatmentgffowgge o?nhe conductive adhesive

compos.%wwegemb@arﬁbweéaleﬁ%%% dingremsiliseoxalerdaang\idsthtamidse haddition,
subsequeantiqrabessdiscsiay |bgeraacliylgesfoitndedandharedischiogatiiciitamrastigciianmbethe ¢neftiod for a

drying tr?@tﬁ@@%@@%‘fﬁﬁa&%@cﬁ&%ﬁ%f%‘?f(‘i‘tﬂEdéBﬁH%th?tﬁ%lsnﬁmPﬁe&&Mh%ﬂmr@ treatment
include standing at norrrrwggl temperature, drying by, heatlﬁ% and drying in va@ %g?xamples of the

apparatUS s RIP B B HRIEAR O PR i VHRORSHR M RIS R ST pRiEt M drier, a
warm-airciurdiede;ity hittogen dideqratuénfrafdchdvidribarcomfdacea tayeapeyaded-imftheafidnréce, a
microwa\égﬂéea,t@[ayejaser heater, an electromagnetic heater, a heater heating apparatus a steam

furnace, ate 00 6 In a case of perfor in atmen eatlng the
heating t@{b @r t?ure ?scgréiﬁecr% Lf SI‘lro C%é@%%eo?e pre erab %Pr% 0 for example.
The dryrrﬁggt@ﬁéistheI'é‘éte@tl@éﬁeh@m@eétﬁhﬁféh@eahﬁgqeﬁhlﬁewtﬁﬂeﬁomthéd&bwﬁ@ﬁﬁéﬂ@f ancdsductive
adhesive:eadngastifiint ismrlﬁwa@ystmmtﬂerrﬂmtetmmrmqreeme&eﬁahivﬁaamcﬁﬂnﬂatto@) min, for

examp"*tﬂQQ(?ﬁ!t&'é‘tf%’%%ﬁ%ﬁe rﬁ! P&%&@”Q%%‘Y sﬁgﬁﬁﬁgﬁg UL ARAGR! éE‘Eé‘I% Q4 the

conductive adhesive compositio eris cured curin er adhesion between the substrate

and the @Shaﬂsrohwétetgvﬁ%ta@éa@ee% Irré%rr@#ﬁ Faa%%twe SBRERS of the binder, and also the
mechanif@d&ijerfibrofisme partdudiiveadhesiven ayenviselfctinckecsnpfakedodhetucindhtraatment for

a binder beﬁ?o‘i{?ﬁlt@\%@&v 1§F£‘P'a&HéH?QnatHH‘Qx%’raEQ%M@@M@WAHE&@I@%@E&Q@% be selected
approprr%ely dependr pe of the b|n Pr¢<e The method for curing a binder is

preferab %F’th%m?aﬁV Ré“t?eoatm%]ﬁ:t f[tj’é@g]f gnfelrﬂb’et%re oth ‘thVéFPhBﬂWc%ng
treatmemqnau}ctlmsseIél@tevedawethmhgewctﬁélwdmheemdh@lw lyestikepTlrzadafingrtemisssature for

a thermaghRUSHRELFHBRIM QN (S Iefefaiphéd ﬁﬁ@felc@&? 1%35&Qe§§10@f2fﬁfﬁ{@bl¥\ﬁ§t§ﬂlt15@c to 200C.
The heatrng&mklfcéepe d on the eatrn ture the lik gor e Ie when the heating

hé ave € COH
temperaturer |ng Ime is eerabé rom min mrn more eferably from 10 min

to 30 mrm{MIYIﬁ@We]étrﬁ@l 924088 HarfeeTRpr @biﬁéf@h&%ﬁé%l%%%@@th@f a warm-air
furnace, prefitrapBNaien Mminfrarem ome, arriiafﬁaz@dgtuﬂmaﬁﬁes% tathiefearenl durRachesi veitrpwave

eater, a. g6l H& m%& AR HOGAG LS MR OGO ARD RN G HAStHATL Qﬁ%ea 0
rcter, S Ut ]SS AMIAORIG e Vo e bl o

plate press, or the erm y-curing treatment Is performed af ation conductrve

adhesiveEMH %ttrtfﬁi 1y EmoTnEARYy Hee SandRG adhashis i Abe porGHai Ry HERTTBIS
treatmentiabdbkeriized lpderts| 600k thathéardgessihod thrmrrdgmmmndaldtomamaéo;)mﬁgmmmr)osrtion

layer, a nggygtgfdﬁy&ﬁg%rmpglp%m@{g%tga(trm lislegg gigpersing medium and inorganic particles
including allic oxide (conductive ink) is a a conductive a hes e Ia er. The particulars
et e R AR SR A R e
layer-formaritcsorapusitiors entstalborndidtive Fadhedive iypeiniayf bendeefovineehdypdhesatinthenethod or
a printingspgthest- 1&9@@@9@%&%&@@5%%@%@@@dqaebarsqaﬁﬁehmeﬁms@a%nmrheater

method, & tll?ng(%gglesrtl(fq og(tihéi c%lrlltd%%%re {ayer. The volume resistivity of the conductor layer is

preferably from 1.5 x 10™®* Q-m to 1.0 x 107 Q-m, more preferably from 1.5 x 10® Q-m to 8 x
10° Q'm.
[0087] From the viewpoint of conductivity and adhesion, at least a part of the metal in the
conductor layer is preferably bonded with at least some of conductive particles in the
conductive adhesive layer by metal bonding. More preferably, the conductor layer has a
volume resistivity of from1.5 x 10® Q-m to 1.0 x 107 Q-m and at least a part of the metal in
the conductor layer is bonded with at least some of conductive particles in the conductive
adhesive layer by metal bonding.
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20 method, a gravure coater method, and an ink jet coater method. [0101] There is no particular
restriction on the thickness of the conductor layer-forming composition layer formed on the conductive
adhesive layer. From the viewpoint of conductivity, the thickness of the conductor layer-forming

composifigisiayetiz RrRfarAindeisrRnadRMIhthat b aeiagenthickparsehihe wenduetor layer
formed from t%e conductor a‘ger-for in c&mgo&

n layer is 100. nm or mé)ret,gref%? l}/ from 0.1 j.tm
to 100 j.tRIO WSS BHERS S BV SR RSB KW Trur 8an}¥& SPSBIDHIR ¢RI D5 i [6482] There
is no partlickacse siribgorwadneter dhegasatreierddndiionayandsrnmegeduripusitioiaayép0and it may be
selected [depanehog.e fillehbtpReEesH K al N aD A:GABdUCH00 layer NEnng & destirdtshaRe ¢an be
formed. g gxample. Ihe condusior Javeriaimig.campasiiion [aver ey B (e an fhs entire
surface of the cond?Lthlve adhesive layer, or may be formed only on a portion of the conductive
adnhesivellgyarshthipiiessidd dpmniesqsesd]aridradhonitor yrs-fonemsipedmpasasiidpplied onto
the condprifViemadiesiveyhygrafibidesadiapeisiag toredittaphit. is preferable to perform a drying

treatmenjigegidauiQ ramovsahieashe AaIt Rt ERASINANCHIUDSRARY J0-BRITOIT R Gaaguctivity
developing treatment aidescrlb,ed I?]iger. The dryn;&é%gﬁatment may be selected perfarmed by known

methods S TREBHBIISHS Yo AENE BANY fe STt PR e8RS cte i B ISehHiAPBRRAZ Y BY the
content chawiispecbigatedivian ehentipickoiesstoictne: corductdndtye sdbstring I€ornpoditigriddier, and
the like. theAninrthseaitehiay:he pasanaatiiocrRRIRIBoRY DRAHBIMYbeRLheIdypgrérgatment
is performecgl;bglr}eatlg% Hbe hﬂeatlgﬁgtgrpsperat edmaéi_ Hle frgtrllg Sé)CatoflSOC, ILEurefer{';\bIIIy from 80C to
150C. Tﬁlé1 dry} ugetime rﬁayubce Yrom B minto \é‘ Hin’ heegppa?afﬁs ﬂs(e)l&ef%l% ciarg/?n(b %y heating are as
describethgiatns sghstietthe cdMdladioi Riyereimmiog TompesitbherraudedivofdantcopanséRiincluding
a metallighexgiea(e efeiiabliic coppaEopnerxBla condwtiel pakicies lape aoppesioxdepaticles), it is
not ”.eCeﬁ?@&é(%&ooPﬁﬁ%&&ﬂ&i@@’é‘&%&%ﬂ %‘PHE;%?R!%%E%%&%‘V}MQ&EU ?3%’9%%&%?'&@%”%&%‘&”“'(9 the case
of using a conductive Ink containin metaﬁ articles such’as metallic copper partic &s as Inorganic
particles S{ofea Ptbsc Prdpetsee RPAEIRRRIBEIAPhe S HHBERIfRARIE G+ PR usiva JEBr3-
layer-formingdonupdsiitol kayeris fredutedtmdotod oendunionay@npositainiisgpeoniétd!. Bihperforming
excellen e B i & case
in which & %ﬁmf@né%laaﬂ%@%“f&béh%ﬂm?& -5@523(1 ARk Pﬁ%ﬂ}%f?oemﬂacg
compositiceidyetoatityer Condwodvetiiimadhes siedstrertéd, o aiordadian dition rmrstéd ysxidentHastransition
metal oxigladn the cduiveRENRSIND IRYSIIS I8 AdREliSR ARy kRrAVEY VI RMplaR IRGkeatment.

As a result trgmsippn gnetal, which serves as a precipitation starting point for a reduced product of a
) coi}]guc 1ve f1lm 3. . g ) . ) :
metallic oxide in a conductor layer-forming composition layer, is formed in a conductive adhesive layer,

thereby fSI9Ng HlEBFRIBEtoY PEYPCEHAL SR BTD ROV v B ated|y i Axeasn e eé matiugitrereSpect to a
substrateohdastiptesubéttae: condidotivity devrlepinghtreativeintdacuae Bheautieatinarine the presence

of a formg %%-i 9@&&%@%@%&@%@ trl%aﬁ@eﬁ&t W&Wd%f%ﬁ‘é%”@oﬁ%ﬁ%ﬁ\%“ﬁﬂﬂwa?espg&?i‘&reiﬁed 21

below. [0185 Heat Treatment in the Presence of Formic Acid Gas
on two regions of a surface of an insulator substrate 5. On a part of a surface of the
conductive films 4 opposite to the surface facing the insulator substrate 5 and a part of a
surface of the insulator substrate 5, a conductive adhesive layer 1, which is a cured product of
the conductive adhesive composition, is provided so as to connect the two conductive films 4.
Further, on a part of a surface of the conductive adhesive layer 1 opposite to the surface facing
the conductive films 4 and the insulator substrate 5, a conductor layer 2 formed from the
conductor layer-forming composition is provided. The conductor layer 2 is bonded to the
conductive films 4 by the conductive adhesive layer 1 and the insulator substrate 5, and is in
electrical contact with the conductive films 4. In the conductive substrate 20, in which the
conductor layer 2 is provided so as to connect the two conductive films 4 by the conductive
adhesive layer 1, the conductor layer 2 exhibits excellent adhesion and conductivity with
respect to the conductive films 4, and electrically connects the conductive films 4 provided at
two regions. Although Figure 3 illustrates an embodiment in which the conductive adhesive
layer 1 is provided also at side surfaces of the conductive films 4, it is also possible not to

provide the conductive adhesive layer 1 at side surfaces of the conductive films 4.
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In the heat treatment that is performed in the presence of a formic acid gas (hereinafter, also referred
to as a "formic acid gas treatment") for developing the conductivity of a conductor layer-forming
composition layer in a layered structure of a substrate, a conductive adhesive layer, and a conductor

layer-formypg ompReifiAn leyRiasiRERViRUaMiNestiaRag.-2 metallic oxide is reduced to form a metal
by performing a g.glat treﬁﬁ\t ent inéfl é;as atmo%ghere [ clgdin a fo micta%d %ags as an es{s ntial
component, thereby tUf |8§ BTOSHEMES Y EHHOrFR Sé%?%%%%‘?ﬁ e it S EORO& T he
details ob@feepsicoddii g reandoeii yaaylnsivsfeprapomtifor laxeinbylapphtataceisnal Fbbligion No.
WOhZCzjl_L/mﬂ@. aGofRneald h@;g@scaﬁa@anwd . glimwéamgagmi&m i_ﬁi@fﬁé@r@w@@wed r?y flsl y
method in which a carri s is saturated with formic aci coriacting t r gas with a liqui
formic s B e g e B R A e SO T OB o b et
or a metRERFRIVRIENT IR R couductiyssifbery luvbbngurHBa s birdetid tBe4qBd4ENS0C, which is the
boiling pamte@fvf@wﬁq;acidomarﬁju@ip@&hs mmﬁgwmbﬁ@ntmeagasﬁ&mmwmﬁpbmm object to b.e
wreated. ip 3,085 AFIRRNGHESRE AR A IHGARIYgeS o LinAElBrable- Roriaid eopiaRiabine liquid
formic acid to dn objéct o be treated. In a case in which the liquid formic acid contacts an object to be
treated, (FEMRISHE AP IFRE %Biﬁmm%@%@a&mm@%ﬁ&%@&%?w%ﬁaﬁ%ﬁvity
developmaneis irhibitenigla eaditiolor foy examplesiapamahhtmetdliongitie fptefbrabiydeopper oxide)
may dissQiuaubrée e F6ienaiE CRaYSS @i dpSa R (erae MBI MeKLieReH NG RRBIRPAHIRE lpyer or
deposit oftﬁt metal (bpreferably copper) outside the region at which the conductor layer-forming
composi |one]ﬁ%rso%eeéﬁsapplied. [0107] The carrier gas is preferably a gas that is less reactive with a
formic adi0g3k. in perieedtass aldombiratsanshursing e dids oo g ooty sy Cadsstigaition or
explosiondieveiasapodiaohiecalciad gas bnaludssduogritithe raticlaf xygen Hkdsenic acid gas is

preferabi s SYpIesMRIANGE TS SRR SLIEHS 07 GxBRSINe NG G APOmER.Or ess.

or 51 volume-% or more, in a case of mixing formic acid with air. e treatment temperature is
preferablffibt 148 aHHBE (IR RS Uats AbERL arePRE UAsA AT aed thresaprussy srRthes Mietallic
oxide by ¢bmposmicnacitagaledceatabbvieor Eneayiplgpoﬁthefmeﬁmﬁkﬁwat@lmwmdecﬁ‘temperature is
more prefgfallyNALessi AL AP subie P RRI[IRIE Qb ARG JreRtRRNIHE DRI S HaRRN SR, for

example, the heat-r}tlasista t temperature of a suhstrate. Thgg isn .partlcular res'fgc&'on %n the
treatment PN MEPIHEH A A B SBEPAfy 8Y C5rit6HY SORBYBAERCSFEBERFedut¥d pressure,
or increasdecpressuretimpontridathvent piméng preferdilydfotustompibesigenconpdsiiomayergreferably

from 5 t0466-{A1A3pdn RSP IMYA Ve A BEMik aCH PaRteRIMARIBsUATImARY ACRRRItiaEMIng a

conductorlg er, a process of removing formjc acid may .be.praovided after.the formic acid
treatmert B SR S e A LSRG UG s See At » S g (B S SEN AR may
generat n formic acid used in the treatment remains on a surface of a metal 22 (preferably

copper) faonsf peerfuctionmpre berseppaasgetethxainpleseof bae aatianinbdemeiingaormic acid
include & EATENREHOIMEHIoR PYIROIEH 935 oM eA RS LURRIMEN RETRI TG nder 3

reduced pressure, and a washing treatment with water. The heat treatment performed In an
oxygen-fIEeaHE IR MGy dexameist RbeImt I RNed IRCA T micTseningRs B At ¥dsbel while
supplyingmamtiogygethde ergak natpnatudingetbobia aeidfor @rincag tnestmd rinpeiffetpadtinih a heat

source in,ama4y QR ISR AR RARUGRNIEe R g@s dlow. The heat treatment performed
underar %ﬁ% d pressure maggbe in a case in which.th formiI% acid %?s.tregé%ent is performed in a
s

reduced S8 M RRSHE YRR EIISS SRS PR RS A URRr terminating the
supply offonpisiaeidlayera dndat treatheesel gseefbsnebdlint ibdureth ge dbivlire svalrthfpoaarsiucipplication
TreatmenipéReduGigs Waatheatdiadithhee. I'Fiie2nRAIRM@RINER)ohe JesuEEg irepgmaent
quid (herenafier. also.eferred (oagareducing iquid freamentl for deyeloping ponductivity of a
conductor 1ayer- orming compaosition Ealyer in the prewousﬁy deSchibed [ayered stuctire including a

substrat@refeshbuediveted nedibaniher aserase Suskiraopiayeibiehivrydorpeslaget sy ng or
conductiviiyrelevete pirdeireatmentris pe rarracd lrpaphlyingn sadudiognideadviendlichsd to the layered

structure s AR MR g6 R AER TR USipls oL KIslERa i reatment

may be referred to, for example, International Publication No. WO 448. [0111] The reducing

treatmerRRGERPIY AUGHASLH DRI AN RSk RS ShPe RSO ARESIvC dNEE oretBrably
copper oxidejscompoprefitraly 2netabidespfefdraipyetoppbr lanher &emetal complex (preferably copper
complex}oagedueiRa-aaent{os Fatgina g RUIRHh Mealinmed el corvpirx pdeallapipg the same

to deposit %nga rg?tal,gﬁnd a solventtfor dissolvin tl(”ﬁ?e c?m@onenté?, as etssential ?ﬁm one?r)}ls. The
reducingSH‘ P IFq i % B S HBI M AT SRR iory PRSI SR %’6%5??&?&“5 Cdescribed below.
the conductive adhesive composition layer can be suppressed and a desired shape may be
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[0112] There is no particular restriction on the agent, insofar as it can dissolve a metallic oxide
(preferably copper oxide) by way of ionization or complexation. The agent is preferably at least one
selected from the group consisting of a basic nitrogen-containing compound (such as an amine

com DOU’}Qaﬁﬂ?G@H}Hﬁ'ﬁ)@@ salt éﬁ&tﬁs%ﬂé@@%@ ;Si%@&@é@k”& REL ﬁ&iﬂﬁf&ﬁ”'cﬁfé% /N
inorganic acid salt, an organic aci 8%1 %g,&?.lc acid salt, a LeW|s ac d dioxi
t

thi
i xS S e R i I B SRR selected
from basi&@n@ogérﬁb@dﬁalnﬁ@@@%@ﬁﬁ@%ﬁﬁﬁ@@é@@@omp@ﬂdﬁb@mﬁ@mmﬁé smiesabHsic side.

The aget-jsn Brehpreiar bl afyaﬁgsmlﬁﬁ{ectemﬁﬁmemefgn@taplfe@miw@&iqﬁaargm'gmycom pound
and ammon£a The,a F?gent is further | %Eaa'?h’o f sast one selec&ed from the gu conS|st|ng of a

or drying in vacuum i Tier
primary amine-compound an ammonla since métal ic oxide Is well dissolved with these

compouﬁﬂgomﬂz’]%%m&e@éne%m%%ﬁ%%&@nm&gmémﬁnﬁg%?ﬂwévﬁd include a
tertiary ahetnercogo lirdicsuthas asalignkathyderedidrrinaetbitaaceigpacithstrietteanofiamics, and
triisopang), aaning @{@?}gggs of the organic acid and the organic acid salt include a carboxylic acid and
a carbox&ate Among em thl% organic @gd or the organic gmd salt |S£ﬁeferably at least one selected

from the GBUY cOhaiSHtLOPSTHRURDSIEH: CXBS,HAMEEN PY DS Rt A5t BeHERRSHIVE S romatic
carboxyliereicidbinierond&fic wﬁ&@tmram&wge&bm@ﬂ]&amdﬁar@ donydroxglcarbbhglate.

Specifically,iBeiHOaNcIaad Acpea Q&qlféa"tﬁlg'&ﬁ@ﬁﬁﬁ?&kﬁﬁ%ﬂ@%@hﬁ%lﬁ%}%ﬁ%‘j from the group
conS|st|ng of ta{tarlc cid, phthalic Ielca %ﬂ |n|c acid, fun}%nc acid, sallcgtl %fld malic

acid, citric’ aC| an saﬁ? of t?’lmge ccl)?nlpounlaé3 "fof amr}le%lro hé duo%?mné%ed’u er&ln?]ethyl

egOX|meffBeh%illnelngtl‘9/éQ|me} dptaxaneyldohexanedione diglyoxime. Examples of the 13-diketone
include gotyiacetonprdcsaoplrsaitbe asmineecetitipait dlakideaaimaninecAtiedsuahas glycine.
[0115] T nt ft niz | iQn,of l e in the
reducing R I B R T ol

IS pre
to 15 mottd srmfﬁé%?éfe%zwqma@q manereyedifento thaeriginal @&h@éﬁﬁ&ﬁ@?ﬁ&ﬁﬂ@%@em is 0.001
mol/L or biwdes, amtatadithoxidehiancid torchgsolvetlat eoadfficieatdhtsi{0 14w Aisdiieaetcing agent, at

least O”Qﬁﬁl%%%d from @1%9&%&9&%‘%&'99 $1haPAHLN B AItdg: SRIABH AN RBAHH rBfHElé}yd”de
compoun na ine porane, ine com ound an a]Ideh yde comp OE ?os phorous
compou ﬁ%ﬁﬁ@ ‘BHH}%&stHfﬁBHﬂH @ SElSSIBLRERPRIEIY JERImBRARPABRISER R1cBRol, a tin 1)
com pou@@et&lﬂ&tld&:obﬂhﬁ@)ﬁn&té@e antha hpdrdxyamintsrahby vbdavelabiynired. Among these,
at least qpa sgdgeted from the group consisting of dimethylamine borane (DMAB), hydrazine,

formalde ascorbic aC|d andc balt.(I1), a tate favorab used. Further, cjtric acid or the like
may also@)b% %alvora%@eﬂtée% H?f]ﬁ e%c(:roznlcgﬁ?rn% O c ocf'“lt]negr atmemm W)m %e %egducmg treatment
liquid is lefeaBly PibicCIB1RTBR LIRS0 Rord b?é?@aa@t%m@memm to 15 mol/L, further

preferabléranil §-Qhring e demkd tMiopiefMABEN filden caIcen ation@fitbecrpaifcing pgent i$0:0ad mol/L or
more, forpgtion of 3 Melah etﬂ9§3% ﬁPc%rS YR A Hggct'&ﬂ IR L EL TiRe m%@’éf&l‘%ﬁé the content

of the agent for causmg lorization com exatlon allic oxide to the content of thé reducing
agent (. VR dheatirsIgARRALS ﬁré?érgbﬁh?ég&wgﬁ@mmﬂfﬁ@b B PARYAE RO18EE-than
5,000, thecenuefitratigrohind méiabidn nekeased into the solution tends to be not too high, and

deposnlo[@@gq mgiakRh ArRIRIPP PSS HaeL GARHHE LR By Rl S CAMBRS PR AAvekiis

SUppressf%mace a nitrogen drier, an infrared drier, an infrared furnace, a far-infrared furnace, a
microwave heater, a laser heater, an electromagnetic heater, a heater heating apparatus, a
steam furnace, a hot plate press, or the like. The thermally-curing treatment is performed
after the formation of a conductive adhesive composition layer, but it may be performed after
performing a conductivity developing treatment as described later.
[0100] In the process of forming a conductor layer-forming composition layer, a conductor
layer-forming composition that includes a dispersing medium and inorganic particles
including a metallic oxide (conductive ink) is applied onto a conductive adhesive layer. The
particulars of the conductor layer-forming composition are as described above. Application
of the conductor layer-forming composition onto a conductive adhesive layer may be
performed by a coating method or a printing method. Examples of the coating method

include a bar coater method, a comma coater method, a die coater method, a slit coater
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[0119] From the viewpoint of dissolving the agent (solubilizer), the reducing agent, and the metal ion or
the metal complex, the solvent is preferably a high polarity solvent. Specific examples of the high
polarity solvent include water, glycerine and formamide. [0120] Although the reduction reaction of a

metallic oyl in theseducipgdreatment diquish usuplbepiRERARG! room temperature (from 15 to 30C),
the reduim%g#e entli%uid mz%/r be heated or cogle@. en%@fﬁ&gn the needs for.acceleration or
deceleralion of tHe FEatHShPARGGHTEATO 6 Y e RARG AR SFACTS P S et ik (SR EI P fayer), and the
like. It is eseppoIsisiblaxer perfarthoadbitiorndnetivaadiiseystiyig, Vitsatiba vewpeibswhte, or application
of ultraspicdw@wasy, ik tecRHEROseHE condiglitngherremnaityRhsomesal il B fraigyate, foaming
during reagtion AL fey OARHLING eonductivi. devaioping ieatment RSHRImEd by applving a
reducing treatment |qun§ 10 tBe conductor ayer-f)ormlng composition layer formed as previously
mentiondaySPeEHAS campredion laxckisthdy ey AppreatalriaRiddramidthuem & dhing stbstrate
having apmefiduistp0layen-forsoinghcanthesitiiofetaysr fiotmed fhareolbipm. reducing treatment liquid in a

containeroRgsh 2 FiRiHad of SIRXING AIERHGRGIERIERL Al LAt saNdytapayeEforming

composition layer in a continuous mﬁnner. In either method, a metallic oxidé ln the conductor

layer-for TR RUHHEb G A8 & b REsesedsirpiBting 69 L RYEMSHs & SRINEIhnd then
reduced layarhetaldy desedd shmpagenbeAsranedsult gapsaplerthakendargetiygaiticiesgan be filled

with a m%%p@%‘fﬂi&%%?%%}ﬁg@%&%@ﬁ gy %ﬁé%ﬁg@ﬁqﬁ{@éa?l&%ﬁm&m@%H%MH}&, rgducing
treatment Iigt{)id{na Be S{et degendin op he coclimc ntratgﬁln of a treatment liquid, temr{:)erature or the
iy orme on oIt utg aé t% Cr,

like. For eXample, et?éla\fmentff%neomay 2 r8m_ '.lgen%urgs%e SUH ity .eegerrrﬁapé_lrature may be
from roohf t8Aiperherend goClapr A8 nins senipwseisntssntiesd anashictradustsacdicyelayss been
formed binéheieedutipgrtinatmenting preieiailkakposestiotiiraauymwatenaeihamlt@dand dried by air
blowing, lgt rm-air blowi ven, or the like, | rt Jitate .

RA%LP f%a%%% Bﬁﬁ 5be] d’l‘rgg%ab%e%a%g %‘é%t BHSr Fé SIS iﬁgiﬁﬁ&@tﬁll

g%@%l@ $9Q vent such
as acetone, methanol or'ethanal, replace water the so veP{t, prior to performing

the dryinge0o0 By psibRnh i the Thetiotnsrimvairihgind e sraceh R Hors A YA B¥8ing to the
inventiomashaescribés abaliepascdonductinasyibvstaienthabebieibiis exd ebpobdidhesionchgpaeen the

CO”dUCt%éaéfcﬁ{té}Rq)FQedﬁny%ﬁ%‘%@a%ﬁﬁ%@ %@MQB%@@&H&E&'%@%MQ@ o gronductor

layer and the conductive film of the substrate can be produced. [0125] (Methqod of Producing Wiring
Substratiﬁyer’ af&tﬁ%ﬁ%‘fmirﬂﬁs FEMRIET IR A SRS e QWﬁja%BmH%qm’rg‘%ﬂﬂgme conductive
adhesiveVebengbsitinmn atrdatmesn faspéntpenadr inghsattegn thy baplyingamoadoconydyefcéorming
composiBen(eonduativerénk. b pregaidchapsoand pertoaming aike ViboHey@lpRidetyeatment, a

wiring sufetrate ot exhibls xgslient achesien etween e wiing nd the sibstate, condyction
between%e wiring é)l?g ﬁ1e SUSBSU’a{e, %n& ayh gﬁ Céﬂ(foCaIIVItey cah pe o talnec]i. (fn edT% owing, the
method dfYSiotuBIHE RERDRAHECSUBStHERS IsepmHfRHtideicachsl nethogtmlmipsida(rsiarahdymethod
of producisgptine aaid ustive @ibstialiepagipieviadslymhesotitopariy s eitmsnot Hewseonguetor layer and
the wiring DA m CRNEMGRHJPHINHOH IMENGRAUER SFifRiAAChlike the case of

using a conductive ink containing metal articles such as metallic copper particles as inorganic

particles.

[0104] In the process of forming a conductor layer, a metallic oxide in the conductor

layer-forming composition layer is reduced to form a conductor layer containing a metal. By

performing a conductivity developing treatment for reducing a metallic oxide, a conductor

layer that exhibits excellent adhesion and conductivity with respect to a substrate can be

formed. In particular, in a case in which a conductive adhesive layer, which is disposed

between a conductor layer-forming composition layer and a conductive film of a substrate,

contains a transition metal oxide, the transition metal oxide in the conductive adhesive layer is

also reduced by a conductivity developing treatment. As a result, a transition metal, which

serves as a precipitation starting point for a reduced product of a metallic oxide in a conductor

layer-forming composition layer, is formed in a conductive adhesive layer, thereby forming a

conductor layer that exhibits improved adhesion and conductivity with respect to a substrate.

Examples of the conductivity developing treatment include a heat treatment in the presence of

a formic acid gas, and an application treatment with a reducing treatment liquid, as described
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[0126] (Formation of Wiring Pattern) As the method for forming a wiring pattern in a desired
manner with a conductive ink on the conductive adhesive layer formed on the substrate, a printing
method and a coating method, which are conventional methods for applying ink, may be used. For the
formationQf,a pattern with a conductive ink, a screen printing method, a jet printing method, an ink jet

printing method, a transfer printing method, an et printin thod, and a dispenser method may be
applied.%e@% A el%ﬂ%%ﬂ%%’ﬁélﬁtg??rﬁﬁ?%r%@%ﬁlg@%ﬁﬁﬁgé\%)ink, the pattern formed of the
conductive ink islubjdetatittentmesh dudtivippderatdomtheresasaeer i a lomilanmdsner to the method of
producinthare@afiogtiversehstltes Wherehnamatplis axdmitharaltedosingdueediauatvial and a
wiring SUBSITBIR (S AIRINER Gormind IS AIBSASR PHRSSRYTRL IR NG ToNMAaN ol apailer with a
conductive Nk IS su sta%%la y?ﬁe ame as the process o??fﬁe meIt-Hogti1 .ofo prooHJcmg d conductive
substrateOTAv e dgReti R Ne)e T ihreBSHAT AAS FAIEHING FAMRATIHEpIbEE ce drexiansPles [0128]

The pr.eaeiahinxa;ﬂt.i@mmﬁﬁﬂbeaﬂﬁ&eﬁﬁ)edmﬂte@fmﬁifmﬁiwawwfofﬁmme& ti-laam&;teri,ntbggesent
invention, s, atilitnitei iithe FemRrlasid 0428l IPRERIR M RIRRRMRtIRReh CeRdietve Adhesive

Composition s conductive particles, JE1.75,g of co%r/copper oxide core-shell nanpparticles

(average BATHEIS aAIFIEtBIT S HHTRASUR EXGIHRIGEPTLLS Were HbAIANA o JORRIGH Prefired by
dissolvingeasatimdgry Orefe gt tdipropyene!glyutirdigiyoid Plubhert BV RESIR) GR37866.
Polysciengass|Ng:he 85.ehefsBispbenah AnONRIac eRRK st BRRIG O8rRaratian @nd 0.74 g of
bisphenal & ovelag (V41 (0, DI Carporation) 32 9 of propyiene Carbonate (Wako fyre Chermical
Industries, %rh.?.cf'ﬁe ikture was dispersed with an uRraSonic Egmogenlzergfug- 9, Nippon Seiki
Co., Ltd.fatmnio ®idby dubtdmaaritediksimné shendhesytomishig & eoriliswdd aamnesivet éebposition.

treated, or a method in which formic acid is gasified by elevating the temperature to at least

100°C, which is the boiling point of formic acid, or reducing the pressure, and then the gas is

introduced to an object to be treated. In a gas atmosphere containing a formic acid gas, it is

preferable to avoid contact of the liquid formic acid to an object to be treated. In a case in

which the liquid formic acid contacts an object to be treated, the temperature of the object

becomes 100°C or lower and progress of the conductivity development is inhibited. In

addition, for example, a part of a metallic oxide (preferably copper oxide) may dissolve in

formic acid and cause a loss of the conductor layer-forming composition layer or deposit of a

metal (preferably copper) outside the region at which the conductor layer-forming

composition has been applied.

[0107] The carrier gas is preferably a gas that is less reactive with a formic acid gas. In

particular, a combination of formic acid gas and oxygen may cause ignition or explosion.

Therefore, when the carrier gas includes oxygen, the ratio of oxygen to formic acid gas is

preferably outside the explosive range. The ratio outside the explosive range is 18

volume-% or less, or 51 volume-% or more, in a case of mixing formic acid with air.

[0108] The treatment temperature is preferably not less than 120°C, which is a temperature

at which a metal precipitates from a metallic oxide by the formic acid gas treatment. For the

viewpoint of reaction rate, the treatment temperature is more preferably not less than 140°C.

The upper limit of the treatment temperature depends on, for example, the heat-resistant

temperature of a substrate. There is no particular restriction on the treatment pressure, and it

may be under any of conditions of atmospheric pressure, reduced pressure, or increased

pressure. The treatment time is preferably, for example, from 1 to 120, more preferably from

5 to 60.

[0109] In a case in which a formic acid gas treatment is used in a process of forming a

conductor layer, a process of removing formic acid may be provided after the formic acid gas

treatment. By providing the formic acid removing process, corrosion of a metal (copper),

which may generate when formic acid used in the treatment remains on a surface of a metal
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In the preparation, the content of the copper core/shell nanopatrticles in the nonvolatile components
except propylene carbonate was set at 85 mass-% (approximately 50% by volume). [0130] (Formation
of Conductive Adhesive Layer on Substrate) A glass substrate (average thickness. 1 mm) with an

ITO film RFErERSNeLERR-PYBRHIPDGAAS HACthHE SHRRIAIR hai A RORHURLIHR R {The average
elltoTm

film thickness of t w m, The substra Owa cleaned for 5. minutes with pxygen

) 2
bl Bl A B R R o R R SRR
attachedtgrimaronsyfepird vadayaisdeeat oiesvidriong sfwagoogdreiowsitiioraersedbads, and

dried on Rehoirplateat JRenied hrpinoiesetivhetahy AcoNnEMcHve Adhastdemtampasiiaidayer was
formed. %&%ﬁe‘éule 0 %‘%ﬁéﬁ@ é%sts%ﬁv%ﬁ%g UGHYR AdnsSIvg Somposition layerwas Cc};'J g by hgating on
a hot plate at 180C ¥ 15 minutes, whereby ak omll.%qtlve ddhesive fgayer was ormé . The avetage
thicknes€'o? fsatdesidaetesimasdevish arhsatsrunse ia Aoy gatnises dn ansibrd HbMcontact
profilometeyywasi@ogamil (91 3 IT P repatationcot potficuaityendd)a redwk @bpidyiineanialk beppper

conductivg ) WaRIPHRP BRI LY NPIAN NG AR AL FRPREMOX IHF RN RS (BYRIRge PRUCle
diameter; 70 nm, ClI Nan%tek Corporatlo(({)‘l) and 45 g of y-butyrolacé(c%_n&el,g%%dgté ating the same with an

ultrasonil FOPTY S BFTESUBE8, biFRHEHOR SEIICEE S T 2e 185 Wiorghifidtes.
[0132] (CwatirgaamdnDpyirigimed i hesloortipisisverinkvprepared above was applied onto the glass
substratqd]q\@ipg(grf,lgﬁgatﬁm AR Gandueive aghasMeaxer ipimed thereon, with an applicator
having a gap of EIOJhtm, thleretbcy qbt ining a ubatrate Qavi&q at(iond %[‘ive in tIa er (conductor
layer-forming corﬁlpogi |8P_1 ]I%fillerB1 O thE Conduc |v%cgl§hé%?ve€igyéﬂ %rgfg?neeg &4 s]i?aﬁfgef/vas dried
on a hot iWlatcarasoa gdiquad-Hieriteentt) Sansdsiectopias eprinsivitly dd\ietopiig tee lraefewasghus
preparec:d@p33kidrormic Aaitk Gas bisaiaeriibed |fRiNiGRetuvEaRlrGed inebgaseyashing bottle
and heated.in an Qil hath at ith nit [ hich formi I S
generato%) mslgt% gllé orgtﬁ% %&r%%:%!ha&c%z %ﬁﬁgﬁr?%rﬂﬁ\?fﬁgﬂg%f é@%%i%?ﬁ%%&c?%%@? E?I‘él%g placed at

the bottof§ 61 ePHRE- BertBlsnsspRHBERd v ARRIAS hestetng dreonesidudindifdivaindel
thermocauplaunasnsatdacihe glasslatexplacedoom thenstaifac€hef dbaitoppdie plaiecsigchdindt the

treatmeny temperailieAt e -RAMpIe.c Ul REMARA GO TR SERAIGP IR JlaFO Wi IR sargple was

heated i il bathat 200C while introducing nitrogen, and when the sample temperature reached a

plateau E@Qéﬁ) ﬁwsa%ﬂ%fgeéaﬂ%wg i aélu&%?%%em RecrBisiie S4igaY denerator

was introdeteéldcintodi epsepratayledipsk eaiger fompthenteatmsatidd ahéprotratsndrhéedoodrductive ink

layer for 2ehgrindiasy X (g thevieatpiRitshp iDL ot dneisongduativg ipkiaverpt hiesamela changed

from black to CS{%P‘?“ Aftqr the treatment, the samt|8ltg1 was left stan%p%ﬁa& 18510 fqr 15 minutes under a
0 ,

. n or al complex and allowl ‘the Same €posit on C a SOlve O .
nitrogen oW not cortal ing formic amafgto remove forme acid: rf]hen, e separéjb & flask was chilled

with watehisstivipgeasmenepenetikas euenighecampaneitthe teippedatine bearacahhpiedseeame 50C
or less. [QdSrk(Measuikennast. of ResiBianeg) components are described below.

[0112] There is no particular restriction on the agent, insofar as it can dissolve a metallic
oxide (preferably copper oxide) by way of ionization or complexation. The agent is
preferably at least one selected from the group consisting of a basic nitrogen-containing
compound (such as an amine compound or ammonia), a salt of a basic nitrogen-containing
compound, an inorganic acid, an inorganic acid salt, an organic acid, an organic acid salt, a
Lewis acid, dioxime, dithizone, hydroxyquinoline, EDTA and B-diketone. =Among these, the
agent is preferably at least one selected from basic nitrogen-containing compounds, since
these compounds become active on the basic side. The agent is more preferably at least one
selected from the group consisting of an amine compound and ammonia. The agent is
further preferably at least one selected from the group consisting of a primary amine
compound and ammonia, since a metallic oxide is well dissolved with these compounds.
[0113] Other preferable examples of the basic nitrogen-containing compound include a
tertiary amine compound, such as a salt of ethylenediaminetetraacetic acid, triethanol amine,
and triisopanol amine. Examples of the organic acid and the organic acid salt include a
carboxylic acid and a carboxylate. Among them, the organic acid or the organic acid salt is

preferably at least one selected from the group consisting of a multivalent carboxylic acid, a
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The surface resistivity of the conductor layer formed from the conductive ink was measured with a
4-pin probe type low resistivity meter (LORESTA GP, Mitsubishi Chemical Corporation). The surface
resistivity was 0.0092 WE. The thickness of the conductor layer formed from the conductive ink was
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Ltd.) AltHbgh thExrerisiebthadiodmenigelide ganeing shy transositrsl shgheoptdse on the ITO film
due to thentHsistaotshef thedld62 tigl jtealhdhe ireaplre dfiatup sl iverem g eéndudiyappraxitoately 0.3 Q

and it was cnfiimel hat s conduaian e salAGE e Ahieled, (0131 (Tape Peel Tesy

b
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compound, an aldehyde compound, a phosphorous compound, a hypophosphorous compound,
ascorbic acid, adipic acid, formic acid, an alcohol, a tin (II) compound, metallic tin, cobalt (II)
acetate and a hydroxyamine, may be favorably used. Among these, at least one selected
from the group consisting of dimethylamine borane (DMAB), hydrazine, formaldehyde,
ascorbic acid, and cobalt (II) acetate is favorably used. Further, citric acid or the like may
also be favorably used.
[0117] The concentration of the reducing agent in the reducing treatment liquid is preferably
from 0.001 mol/L to 30 mol/L, more preferably from 0.01 mol/L to 15 mol/L, further
preferably from 0.01 mol/L to 10 mol/L. When the concentration of the reducing agent is
0.001 mol/L or more, formation of a metal tends to progress at a sufficient rate.
[0118] The molar ratio of the content of the agent for causing ionization or complexation of
a metallic oxide to the content of the reducing agent (i.e., agent/reducing agent) is preferably
less than 5,000. When the molar ratio is less than 5,000, the concentration of the metal ion
released into the solution tends to be not too high, and deposition of a metal at a position
outside the conductor layer-forming composition layer is suppressed.
[0119] From the viewpoint of dissolving the agent (solubilizer), the reducing agent, and the
metal ion or the metal complex, the solvent is preferably a high polarity solvent. ~Specific
examples of the high polarity solvent include water, glycerine and formamide.
[0120] Although the reduction reaction of a metallic oxide in the reducing treatment liquid
usually proceeds at room temperature (from 15 to 30°C), the reducing treatment liquid may be
heated or cooled depending on the needs for acceleration or deceleration of the reaction,
modification of the nature of a formed metal film (conductor layer), and the like. 1t is also
possible to perform addition of an additive, stirring, vibration of a substrate, or application of
ultrasonic waves, for the purpose of controlling homogeneity of a metal film, a reaction rate,

foaming during reaction, and the like.
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[0137] (Conductivity Developing Treatment) The components shown in Table 1 were weighed and
mixed to prepare a treatment liquid A as a reducing treatment liquid for a conductivity developing
treatment. The substrate having a conductive ink layer was placed at the bottom of a dish, and a

cond uctgﬂm?@ﬁp%Hﬁfm@mw@wﬁg@m&%ﬁﬁ@&H&fﬁ@&r@%ps}yH%Jarmﬁlaﬁlgeatment liquid A

into the dish to allaw t r§ive ink layer.to turn to a conductor Iafé‘i ring the c?nductlwty

oo o TR o e e T S v ik e
that was ittt aslaciopeedicaiiachdergeldthe m&p&fmhﬁephwa@mwbw@a ioegR1[ThdiprilRecipe of
Treatmegbdebid %@Wﬁﬁl&fw%}Ie}—féﬁﬁﬁ@g"&ﬁﬁpﬂs(mﬂa}/&%tﬁ{éﬁ(fﬂ&&ﬁf’/mam&ﬂaﬂiﬂgwatef 1

2r.31C L ‘[lr?l)équgl R }nzaggﬁ}%?n%¥a§ﬁ a mé%h'-h CP sf‘ﬁrea%grgf‘a? t?um Ipytrrled }n%r(l)t]hquld to the
conductor layer-forming composition layer in a continuous manner. In either method, a
metallic oxide in the conductor layer-forming composition layer is ionized or complexed by
an agent in a treatment liquid, and then reduced to a metal by a reducing agent. As a result,
gaps among the inorganic particles can be filled with a metal, and a compact conductor layer
is formed.
[0122] The treatment time with a reducing treatment liquid may be set depending on the
concentration of a treatment liquid, temperature or the like. For example, the treatment time
may be from 0.5 hours to 6 hours, and the temperature may be from room temperature to
90°C.
[0123] A conductive substrate, on which a conductor layer has been formed by the reducing
treatment, is preferably exposed to ultrapure water or the like and dried by air blowing, a hot
plate, warm-air blowing, an oven, or the like. In order to facilitate drying, a solvent such as
acetone, methanol or ethanol, may be applied to replace water with the solvent, prior to
performing the drying.
[0124] By performing the method of producing the conductive substrate according to the
invention as described above, a conductive substrate that exhibits excellent adhesion between
the conductor layer and the substrate and has a conductor pattern that electrically connects the
conductor layer and the conductive film of the substrate can be produced.
[0125] (Method of Producing Wiring Substrate)

By performing a treatment to a substrate having a conductive film with the
conductive adhesive composition, and then forming a wiring pattern by applying a conductor
layer-forming composition (conductive ink) in a desired shape and performing a conductivity
developing treatment, a wiring substrate that exhibits excellent adhesion between the wiring
and the substrate, conduction between the wiring and the substrate, and a high conductivity
can be obtained. In the following, the method of producing the wiring substrate is explained.
Since the method is different from the method of producing the conductive substrate as
previously described only in terms of the conductor layer and the wiring pattern, only the
method for forming a wiring pattern is explained.

[0126] (Formation of Wiring Pattern)

As the method for forming a wiring pattern in a desired manner with a conductive ink
on the conductive adhesive layer formed on the substrate, a printing method and a coating
method, which are conventional methods for applying ink, may be used. For the formation
of a pattern with a conductive ink, a screen printing method, a jet printing method, an ink jet
printing method, a transfer printing method, an offset printing method, and a dispenser
method may be applied.
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0.70 Complexing agent 3 Concentration (mol/L) Content (ml) EDTA 0.01 1.32 Reducing agent
Concentration (mol/L) Content (ml) dimethylamine borane 0.1 2.65 Solvent Content (ml) pure water

[0127] After the formation of a pattern with a conductive ink, the pattern formed of the
conductive ink is subjected to a conductivity developing treatment in a similar manner to the
method of producing a conductive substrate, whereby a metallic oxide in the pattern is
reduced to a metal and a wiring substrate is produced.

The process subsequent to the formation of a pattern with a conductive ink is
substantially the same as the process of the method of producing a conductive substrate.
Thus, a conductor layer formed from a conductive ink can be produced.

Examples

[0128] The present invention will be described more specifically by way of Examples.
However, the present invention is not limited to the Examples.

[0129] [Example 1]

(Preparation of Conductive Adhesive Composition)

As conductive particles, 11.75 g of copper/copper oxide core-shell nanoparticles
(average particle diameter: 70 nm, Nisshin Engineering Inc.) were mixed with a solution
prepared by dissolving, as a binder, 0.65 g of dipropylene glycol diglycidyl ether (DER
RESIN GR. 736, Polysciences, Inc.), 0.65 g of bisphenol A novolac epoxy resin (N865, DIC
Corporation) and 0.74 g of bisphenol A novolac (VH-4170, DIC Corporation) in 32 g of
propylene carbonate (Wako Pure Chemical Industries, Ltd.). The mixture was dispersed
with an ultrasonic homogenizer (US-600, Nippon Seiki Co., Ltd.) at 19.6 kHz and 600 W for
2 minutes, thereby obtaining a conductive adhesive composition.

In the preparation, the content of the copper core/shell nanoparticles in the
nonvolatile components except propylene carbonate was set at 85 mass-% (approximately
50% by volume).

[0130] (Formation of Conductive Adhesive Layer on Substrate)

A glass substrate (average thickness: 1 mm) with an ITO film formed thereon by
sputtering was used as a substrate having a conductive film. The average film thickness of
the ITO film was 0.2 um. The substrate was cleaned for 5 minutes with oxygen plasma by a
plasma asher, and the conductive adhesive composition was applied onto the surface attached
with ITO by spin coating under the conditions of 1,000 rotations/min for 30 seconds, and
dried on a hot plate at 100°C for 5 minutes, whereby a conductive adhesive composition layer
was formed. Subsequently, the resin in the conductive adhesive composition layer was cured
by heating on a hot plate at 180°C for 15 minutes, whereby a conductive adhesive layer was
formed. The average thickness of the conductive adhesive layer as measured with a
three-dimensional non-contact profilometer was 0.5 pm.

[0131] (Preparation of Conductive Ink)

A conductive ink (copper conductive ink) was prepared by weighing 55 g of copper
oxide nanoparticles (average particle diameter: 70 nm, CIK Nanotek Corporation) and 45 g of
y-butyrolactone, and treating the same with an ultrasonic homogenizer (US-600, by Nippon
Seiki Co., Ltd.) at 19.6 kHz and 600 W for 5 minutes.

[0132] (Coating and Drying)
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417.96 Total amount (g) 450 [0139] (Volume Resistivity Measurement and Adhesion Evaluation)
The substrate having a conductor layer formed thereon was evaluated in a similar manner to Example
1. The surface resistivity of the conductor layer was 0.0093 Qin and the average film thickness of the
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performedparable flask that was heated in an oil bath. A chromel-alumel thermocouple was set on
the glass plate placed on the surface of the copper plate such that the treatment temperature at
the sample could be measured. The separable flask with the sample was heated in an oil
bath at 200°C while introducing nitrogen, and when the sample temperature reached a plateau
(185°C), a nitrogen gas containing a formic acid gas generated in the formic acid gas
generator was introduced into the separable flask to perform the treatment to the coated and
dried conductive ink layer for 20 minutes. During the treatment, the color of the conductive
ink layer of the sample changed from black to copper. After the treatment, the sample was
left standing at 185°C for 15 minutes under a nitrogen flow not containing formic acid, to
remove formic acid. Then, the separable flask was chilled with water, and the sample was
taken out in the air after the temperature of the sample became 50°C or less.
[0134] (Measurement of Resistance)

The surface resistivity of the conductor layer formed from the conductive ink was
measured with a 4-pin probe type low resistivity meter (LORESTA GP, Mitsubishi Chemical
Corporation). The surface resistivity was 0.0092 Q/o. The thickness of the conductor
layer formed from the conductive ink was determined by forming an incision in the conductor
layer with a cutter knife, and measuring the depth of the incision at 10 points with a
three-dimensional non-contact profilometer (MICROMAP MM3500, Ryoka Systems Inc.)
and calculating the arithmetic mean of the measured values as the average thickness of the
conductor layer. The average thickness was 10 um, and the volume resistivity calculated
based on the average thickness was 9.2 x 10® Q-m.  The conduction between the conductor
layer formed from the conductive ink and ITO was confirmed by removing a part of the
conductor layer with a scraper to expose ITO and measuring with a tester (DC800a, Sanwa
Electric Instrument Co., Ltd.) Although the measured value changes depending on the
position of the probe on the ITO film due to the resistance of the ITO film itself, the measured
values were generally approximately 0.3 Q and it was confirmed that the conduction at low
resistance was obtained.

[0135] (Tape Peel Test)
The conductor layer formed from the conductive ink that had been subjected to the

formic acid gas treatment had a double-layer structure including a compact layer having a
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accordingly, but it was judged that the adhesion of the conductor layer was extremely poor in view of
the result that the entire conductor layer peeled off upon scratching with a scraper. [0142]
[Comparative Example 2] A sample was prepared in a similar manner to Example 2, except that a
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thickness of the conductor layer was 5.7 j.tm, and the volume resjstivity calculated from these results
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particles (metal qempon were nit inc(lﬂged, between the conductor layer and the ITO film.

pe ot Treatment Liqui

Complexing agent 1 28% ammonia water
Concentration (mol/L) 1
Content (ml) 27.37

Complexing agent 2 2,2’-bipyridyl
Concentration (mol/L) 0.01
Content (ml) 0.70

Complexing agent 3 EDTA
Concentration (mol/L) 0.01
Content (ml) 1.32

Reducing agent dimethylamine borane
Concentration (mol/L) 0.1
Content (ml) 2.65

Solvent pure water
Content (ml) 417.96

Total amount (g) 450

[0139] (Volume Resistivity Measurement and Adhesion Evaluation)
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In the tape peel test, the conductor layer did not detach and demonstrated favorable adhesion. [0147]
[Example 3] (Preparation of Conductive Adhesive Compaosition) A conductive adhesive
composition (conductive adhesive layer-forming liquid) was prepared by mixing 45 g of copper oxide
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oft upon removal with a scraper. e subsequent tape peel test was not performe

accordingly, but it was judged that the adhesion of the conductor layer was extremely poor in
view of the result that the entire conductor layer peeled off upon scratching with a scraper.
[0142] [Comparative Example 2]

A sample was prepared in a similar manner to Example 2, except that a conductive
adhesive layer was not formed from a conductive adhesive composition and a conductive ink
layer was formed by applying a copper conductive ink directly on a glass substrate having an
ITO film formed by sputtering. Subsequently, a conductor layer was formed by performing
a conductivity developing treatment with the treatment liquid A in a similar manner to
Example 2.

[0143] (Volume Resistivity Measurement and Adherence Evaluation)

As a result of performing a conductivity developing treatment with the treatment
liquid A, a conductor layer was formed on the substrate as a thin copper film. However, a
major part of the conductive ink was lost by dissolving and deposition of metallic copper
occurred also at the wall of the dish. The average thickness of the conductor layer was
measured by forming an incision to the conductor layer formed on the substrate with a cutter
knife, and measuring the depth of the incision with a stylus profilometer (XP-2, AMBiOS
Technology, Inc.) The average thickness was 420 nm. The surface resistivity of the
conductor layer as measured in a similar manner to Example 1 was 0.074 /o, and the
volume resistivity calculated from these results was 3.1 x 10® Q-m.  The tape peel test was
performed in a similar manner to Example 1. As a result, the copper film as a conductor

layer easily detached from the substrate.
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[0151] A conductor layer was formed on the substrate in a similar manner to Example 1, except that
the adhesive substrate treatment liquid obtained above was used instead of the conductive adhesive
composition. Subsequently, the conductor layer was evaluated in a similar manner to Example 1.
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limit of measurement, i.e., the conduction was not established. Thls is thought to due to

the existence of a layer of an insulating adhesive substrate treatment agent, in which
conductive particles (metal component) were not included, between the conductor layer and
the ITO film.

In the tape peel test, the conductor layer did not detach and demonstrated favorable
adhesion.

[0147] [Example 3]

(Preparation of Conductive Adhesive Composition)

A conductive adhesive composition (conductive adhesive layer-forming liquid) was
prepared by mixing 45 g of copper oxide nanoparticles (average particle diameter: 70 nm,
CIK Nanotek Corporation) and 5 g of copper nanoparticles having s naturally oxidized
surface (average particle diameter: 50 nm, TEKNA Plasma Systems Inc.) with a solution
prepared by dissolving 10.1 g of 30 mass-% propylene carbonate solution of bisphenol A
novolac epoxy resin (N865, DIC Corporation), 0.366 g of bisphenol A novolac (VH-4170, by
DIC Corporation) and 0.34 g of 1 mass-% solution of 2E4MZ (Shikoku Chemicals
Corporation) in 39.2 g of propylene carbonate (Wako Pure Chemical Industries, Ltd.), and
subjecting the mixture to a treatment with an ultrasonic homogenizer (US-600, Nippon Seiki
Co., Ltd.) at 19.6 kHz and 600 W, for 2 minutes.

In this treatment, the content of the resins in the nonvolatile components except
propylene carbonate was set at 6.8 mass-% (approximately 30% by volume).

[0148] Subsequent processes and evaluations including "Formation of Conductive Adhesive
Layer on Substrate", "Preparation of Conductive Ink", "Coating and Drying", "Formic Acid
Gas Treatment", "Measurement of Resistance" and "Tape Peel Test" were performed in a
similar manner to Example 1, except that the conductive adhesive composition obtained

above was used.
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A conductive adhesive composition was prepared by mixing 1.7 g of copper/copper oxide core-shell
nanoparticles (average particle diameter: 70 nm, Nisshin Engineering Inc.) with a solution prepared by
dissolving 0.9 g of tetramethoxysilane (Wako Pure Chemical Industries, Ltd.) and 0.02 g of

triethylaminggVake, RusaCitemieal Jadiisitirss bidndoohbdcgvefdarRiopyhpleohal {WMaka.Rie
Chemica Indus:&e ktd.§, a?d suaP ecting t % ?%ureé%atreatm nie(éwth an ultrasanic hﬂmo enizer
(US soorRIEHY: SRS g, i}fé.g@@z 0 ool Bl fféﬁ@ﬁé}?&&tﬁ;%cesses
and evalemarsiinandnegdmsisatbnves €Ondun thelMesime regyetiholy Sybutatae Tropréisacation of
Conductivgdnkwa$oatingeingd Rryinghe fesisnicAbigvieas theeasiuepbior MeasuementoffiRasistance”
and "Tape Peel Test" we rfo d in_a similar nner to Example 1, except that the conductive
hes B o L e S e AR e R A O RO

conductiekatifl ashdetag pihdemonsiiataf dayarrble d§stkARFf the conductor layer was 0.045 11/0,
the thickpes:0of {liwepadustotleyapkad 2 Rm, and the volume resistivity calculated from these results

was 9.0 x 10 Im AHGEESISARBRLIRATIBR SRdUFiRRYSIIBD e 0nA FBRPELPpductive ink
and the ITO on the supstrate was 3.4 Q. In t E}H%Tg%%?eA test, the’conductor Ia%g\gr did not detach and

8 Q

demonstr3tEY faDERBINS GREKBH Ry NOXYBH ARV ESHHEVE-Cfiposition was
preparediorposiniia), hdnaerabtispdepibAl nexdept MdthicReDiar{opartielem j@SI-NANONICKEL,
number ayRIAgLBRMIGIE.HZE 4R H7NThiMANHIHEAS Colperh WG il Sed IR L A RY IR copper/copper
oxide core-%helltn?ﬁp%arlt_jcle% 0160%1§u&s%que?}tg§ocesses and evaluations including "Formation of
Conductivie R4Aésive' %yélfeon GbStrate™s Fé’para‘ on of Conductive Ink", "Coating and Drying",
"Formic Acid Gadmtheanirparationetis ndingiie 6pRBenstals cbindar) Weapdhp sanrastEnienalpérformed in
a similar saapsneniaikxpampited (exearbilpbiketsardyativenadidegive composition obtained above was
used. [0 s gre he.av I ft ICtiv esiv I .6,Rm, the
surface r 6siétl ité of 1 %ﬁi&%%fc‘ig%%?‘%agy@%%%%e%eff%?t ge%ée%é%%%fﬁ@ﬁ%%%@o@%ﬁe% gnlductor layer

was 1.2 RIFCRIABAHES oiliRse FeliBHVR Esrigtsid disrg abfatiededats Was B oshingtradinh thene
resistancahéivteetihe sondociossizpar fofuiadfromig dopperdoonduatisevink anduthed T film on the
substrate;was Il relNde iaRAPEE! test, the conductor layer did not detach and demonstrated

favorable adhesion. [0162] [Example 7] A conductor layer was formed an the substrate in a similar
manner @%ﬁm&%alfeé'iﬁe@tﬂ‘é‘frﬁﬁegmmﬁ%ogl R RRIHRLY L WAR Ut '8 YIPEST 7 cm x 7 om
was usedeiistioay of the agiadscsusirertéonaeihfyem iTOfilnetiandnihe &0 bR NathpeMorged in a

similar mamekeds ot RIBdLcIOLRZLAY & eyl thepRAgeickaessisf thR vardushieReiaesive
layer was Oiﬁg]ngtpdg §ulr(f)ag05_rrgsistivity of the conductor layer was 0.0082 Qin, and the average

thickness$ 0t the conductor layer was 4.3 j.tm. The resistance between the conductor layer formed from

a conductive ink BREEEsUBSIrAe IR PR tefestase Jhelcedueter dored eeded8féandriied from a
copper caitdugtive: imksdigantsieiaci asthdendssiiated favordbigladhesiondedbthisshown above, a

conductigar%g%%r@g@%@%n%?g@@@gp%{g%Qgg%'ﬁ;hg&d conductivity between a substrate and a
rla roduce i '

conducto %er can be ﬁ y forming a conductive adhesive layer and a conductor layer on a
substraté ]19[5 dive film, by using a conductive adhesive composition and a conductor
layer-forming colitpesitimo(cofn@uotivetinkAtitatsare (hohpdedien the composition set of the invention.

A conductive adhesive composition was prepared by mixing 1.8 g of copper/copper
oxide core-shell nanoparticles (average particle diameter: 70 nm, Nisshin Engineering Inc.)
with a solution prepared by dissolving 0.9 g of titanium tetraisopropoxide (Wako Pure
Chemical Industries, Ltd.) and 0.33 g of diethanol amine (Wako Pure Chemical Industries,
Ltd.) in 17.1 g of isopropyl alcohol, and subjecting the mixture to a treatment with an
ultrasonic homogenizer (US-600, Nippon Seiki Co., Ltd.) at 19.6 kHz and 600 W for 2
minutes.

[0154] Subsequent processes and evaluations including "Formation of Conductive Adhesive
Layer on Substrate", "Preparation of Conductive Ink", "Coating and Drying", "Formic Acid
Gas Treatment", "Measurement of Resistance" and "Tape Peel Test" were performed in a
similar manner to Example 1, except that the conductive adhesive composition obtained
above was used.

[0155] As aresult, the average thickness of the conductive adhesive layer was 0.2 um, the
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[0165] The disclosure of Japanese Patent Application No. 2011-170083 is incorporated herein by
reference in its entirety. All the literature, patent literature, and technical standards cited herein are
also herein incorporated to the same extent as provided for specifically and severally with respect to

an individuahlSialNIR i RILH BRI R Ak IeEII0R siandaedi ik affechdhab s amastipuld be
so incorporated b)i refe_rerhc%. CLAIMS 1. A composition set cgir%prlsm%: _ golnédyrét_o_r _
Iayer-for%%?ﬁeé ¥8bbEii R CHInBPRG FHPARHEHENT MOMMAHEGAME Bétidies Corpiising a
metallic dXidecsastance behveendilietiappritresidectismipbsitidnhsorhpridirnbess ptiatcaries Soh&uctive

particles Inayingse pepIbes averagripacials sizrdof ftdtak nah 4 SR0AshAted fARLBAIAASHION Set
accordin%tﬁgiai )%ar\r/lvr]g@in the inorganic particles comprising the metallic oxide are at least one
selected from the grou corlsisting' of copper oxide particles and core-shell particles having a core of
metallic copper ahRLHIINePEBpHER 6RTBROSHIOPHEAS BRSPS SEXHESrim g 6CREHTIBEEIaim 2,
wherein thedeandestied paitiplesdenipvisegt peasilodeaseiectdd fianNiehjidingoensistihgOf copper,

copper oxide. GURIANS SYgis.a8idaaaldexids oR/inumRIaRum Sxideyllyprsibes giide. palladium,
palladium oxide, rhodlu%hodlumgxldﬁg’nlcke and EICkel oxide. 4. h&i composﬁlon set according to

any one DSyt tadland - orsepbin e ki (9Vakodriintd sintsal 1aaviBrsahie-bifder [ér a

combinatibrsoperpplf alcohol (Wako Pure Chemical Industries, Ltd.), and subjecting the mixture to a
treatment with an ultrasonic homogenizer (US-600, Nippon Seiki Co., Ltd.) at 19.6 kHz and
600 W for 2 minutes.

[0157] Subsequent processes and evaluations including "Formation of Conductive Adhesive
Layer on Substrate", "Preparation of Conductive Ink", "Coating and Drying", "Formic Acid
Gas Treatment", "Measurement of Resistance" and "Tape Peel Test" were performed in a
similar manner to Example 1, except that the conductive adhesive composition obtained
above was used.

[0158] As aresult, the average thickness of the conductive adhesive layer was 0.2 um, the
surface resistivity of the conductor layer was 0.045 /o, the thickness of the conductor layer
was 2 um, and the volume resistivity calculated from these results was 9.0 x 10® Q'm. The
resistance between the conductor layer formed from a copper conductive ink and the ITO on
the substrate was 3.4 Q. In the tape peel test, the conductor layer did not detach and
demonstrated favorable adhesion.

[0159] [Example 6]

A conductive adhesive composition was prepared in a similar manner to Example 1,
except that nickel nanoparticles (QSI-NANO NICKEL, number average particle size: 20 nm,
Quantum Sphere Inc.) were used instead of the copper/copper oxide core-shell nanoparticles.
[0160] Subsequent processes and evaluations including "Formation of Conductive Adhesive
Layer on Substrate", "Preparation of Conductive Ink", "Coating and Drying", "Formic Acid
Gas Treatment", "Measurement of Resistance" and "Tape Peel Test" were performed in a
similar manner to Example 1, except that the conductive adhesive composition obtained
above was used.
[0161] As aresult, the average thickness of the conductive adhesive layer was 0.6 um, the
surface resistivity of the conductor layer was 0.05 Q/o, the average thickness of the conductor
layer was 1.2 um, and the volume resistivity calculated from these results was 6.0 x 10™® Q-m.
The resistance between the conductor layer formed from a copper conductive ink and the ITO
film on the substrate was 1.1 Q. In the tape peel test, the conductor layer did not detach and
demonstrated favorable adhesion.
[0162] [Example 7]

A conductor layer was formed on the substrate in a similar manner to Example 1,
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5. The composition set according to any one of claim 1 to claim 4, wherein the binder is at least one
organic binder selected from the group consisting of an epoxy resin, a polyimide resin, a polyamide
resin, a polyamide-imide resin, a phenolic resin, an isocyanate resin, an acrylic resin, a resol resin, a

siloxane £esinans RFEAUFRARGPBIRRYBHSIRLIEEFEnnd) TREEOMRSSHION SRL-AFCHAIAT {Reany one of
'%élc blpder selectedffrom he group

claim1to ctlaig: A%,%/Ivhelrein t etbip eris at Ieggéo e inoré:; ¢

consisting Of &1lion oxIdE, AT SidE Fircon OxXideHingsteR 838, YR oXiIE Chidmium oxide
and prectifsdpicospsutuEsiamse. 7. A conductive substrate, comprising: a substrate having a
conductiyerbim; As aascandieiveageeriveiayasiie\iosdueivbedendatyer Way 6 sanddctive

adhesive Jayer.being,a e Prodkiet 04,00 ductvgadoseive ampRsiion smprising g binder and
conductive particles having a humber average particle Size of from 1 nm t6 3000 nm; an a

conductdioRIG Y SVl B th e Bon dUigitrs 8@Res R 18t ecsdnainetsy pylaFBetiseing a metal
that is a eddceedvpriadtucidoha adndiuciardagariformimng thonupesiticnsondprisind e disiagesing medium

and inorganic. partisles.6aRPLsing aiMSAls @Xidsich Fhe EaRAE S S bltalR RoRAIdiAg to claim 7,

wherein the conductor layer 34 comprises metallic cogé)er. 9. The conductjve substrate according to
t

claim 7 o ¢fiin 8 SAASPEIF R AHANICHTE W REFAfS A ORE SR HoMdne group
consistingpofladtmiiphetveoppesyisilvas gold, platdncor, lnjckeltibs leadppediaglitommingdiam tin oxide
(ITO), IndisHaeineeRIRE 1VE Ryt RN DRERASH T e BIPH BEEPRB th A4 A&, it v diize, $02 and
Zno. using a conductive adhesive composition and a conductor layer-forming composition

(conductive ink) that are included in the composition set of the invention.

[0165] The disclosure of Japanese Patent Application No. 2011-170083 is incorporated

herein by reference in its entirety.

All the literature, patent literature, and technical standards cited herein are also herein
incorporated to the same extent as provided for specifically and severally with respect to an
individual literature, patent literature, and technical standard to the effect that the same should

be so incorporated by reference.
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10. The conductive substrate according to any one of claim 7 to claim 9, wherein the conductor layer
has a volume resistivity of from 1.5 x 10-811m to 1.0 x 10-711.m, and wherein at least a part of the
metal in the conductor layer is bonded by metal bonding with at least some of the conductive particles
in the conductive adhesive layer. 11. The condggtivggiibstrate according to any one of claim 7 to
claim 10, wherein the average thickness of the conductor layer is 100 nm or more, and the average
thickness of the conductive adhesive layer is from 10 nm to 2000 nm 12. A method of producing the
conductive substfeterapesttiingrocampopiagt claim 7 to claim 11, the method comprising: a

process of forming:andaoeciyer-aohesiye sapRashadayasiny 2RyRgneAe@E Sy BsHate having a
conductive film..a corpl(C:ichtive adhesive cqn'ﬂoositi n coglprising a binder and conductive particles

. 1morganic pa €S comprising a m 1C OX1d€; an .
having a nUMber average particle size of from I ni {0 3000 nm:; a process of forming a

conductive adhedi¢eMdyMsREhFMYCFRIMAtECThepRibHaR RIBIsH AR IVRIEBRYS MBI I8y er: a

process bhfargungimbanciecige pyeiclosininglf campbsition EYET fyi.applying, onto the conductive
adhesive layer, a conductor layer-forming composition comprising a dispersing medium and inorganic

particles comprising a metallic oxide; and . z;ifr,ocess of formjng a conductor. Izyer comprising a
metal by Teducing thEFRELIIEB T fiTHHE ORI laydieriity ROTHIES RN fa e omps e
conductiviec ani¢teBiveoxuinpesitibenshatés elsett ddrehetbo gpopitions séngcdaraingrtoxads/ manectfsclaim 1

to claim @p @R cQRUIISS%iaRIRdemanteRNGUGIVAIRAELEIRS ARy H‘Qﬂ@lmgﬁfﬁé}\@{%? particle size of
from 1 nm to 3000 nm 14. A conductive adhesive composition that is used for the method according

to claim 12, and comprises a binder and conductive particles having a number average particle size of
from 1 ni to 300hagpmposition set according to claim 1 or claim 2, wherein the conductive

particles comprise at least one selected from the group consisting of copper, copper oxide,
cuprous oxide, gold, gold oxide, platinum, platinum oxide, silver, silver oxide, palladium,

palladium oxide, rhodium, rhodium oxide, nickel and nickel oxide.

4. The composition set according to any one of claim 1 to claim 3, wherein the binder is

an organic binder, an inorganic binder, or a combination thereof.

5. The composition set according to any one of claim 1 to claim 4, wherein the binder is
at least one organic binder selected from the group consisting of an epoxy resin, a polyimide
resin, a polyamide resin, a polyamide-imide resin, a phenolic resin, an isocyanate resin, an

acrylic resin, a resol resin, a siloxane resin and precursor compounds of these.

6. The composition set according to any one of claim 1 to claim 4, wherein the binder is
at least one inorganic binder selected from the group consisting of silicon oxide, titanium
oxide, zircon oxide, tungsten oxide, zinc oxide, chromium oxide and precursor compounds of

these.

7. A conductive substrate, comprising:

a substrate having a conductive film;

a conductive adhesive layer provided on the conductive film, the conductive adhesive
layer being a cured product of a conductive adhesive composition comprising a binder and
conductive particles having a number average particle size of from 1 nm to 3000 nm; and

a conductor layer provided on the conductive adhesive layer, the conductor layer
comprising a metal that is a reduced product of a conductor layer-forming composition

comprising a dispersing medium and inorganic particles comprising a metallic oxide.

8. The conductive substrate according to claim 7, wherein the conductor layer
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comprises metallic copper.

0. The conductive substrate according to claim 7 or claim 8§, wherein the conductive
film comprises at least one selected from the group consisting of aluminum, copper, silver,
gold, platinum, nickel, tin, lead, palladium, indium tin oxide (ITO), indium zinc oxide (IZO),
zinc tin oxide (ZTO), fluorine-doped tin oxide (FTO), InO,, SnO; and ZnO.

10. The conductive substrate according to any one of claim 7 to claim 9, wherein the
conductor layer has a volume resistivity of from 1.5 x 10*Q-m to 1.0 x 107Q-m, and wherein
at least a part of the metal in the conductor layer is bonded by metal bonding with at least

some of the conductive particles in the conductive adhesive layer.

I1. The conductive substrate according to any one of claim 7 to claim 10, wherein the
average thickness of the conductor layer is 100 nm or more, and the average thickness of the

conductive adhesive layer is from 10 nm to 2000 nm.

12. A method of producing the conductive substrate according to any one of claim 7 to
claim 11, the method comprising:

a process of forming a conductive adhesive composition layer by applying, onto a
substrate having a conductive film, a conductive adhesive composition comprising a binder
and conductive particles having a number average particle size of from 1 nm to 3000 nm;

a process of forming a conductive adhesive layer by curing the binder in the
conductive adhesive composition layer;

a process of forming a conductor layer-forming composition layer by applying, onto
the conductive adhesive layer, a conductor layer-forming composition comprising a dispersing
medium and inorganic particles comprising a metallic oxide; and

a process of forming a conductor layer comprising a metal by reducing the metallic

oxide in the conductor layer-forming composition layer.

13. A conductive adhesive composition that is used for the composition set according to
any one of claim 1 to claim 6, and comprises a binder and conductive particles having a

number average particle size of from 1 nm to 3000 nm.
14. A conductive adhesive composition that is used for the method according to claim 12,

and comprises a binder and conductive particles having a number average particle size of

from 1 nm to 3000 nm.
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