DESCRI PTI ON COPPER METAL FI LM METHOD FOR PRODUCI NG SAME, COPPER METAL
PATTERN, CONDUCTI VE W RI NG LI NE USI NG THE COPPER METAL PATTERN, COPPER
METAL BUMP, HEAT CONDUCTI ON PATH, BONDI NG MATERI AL, AND LI QUI D COVPCSI TI ON
TECHNI CAL FI ELD [ 0001] The present invention relates to a copper
metal filmobtainable by a gas trdES@EPTHEINform ¢ acid or formal dehyde, a
nmet hod for producing the copper netal film a copper netal pattern, a
conductor wiring using the copper netal pattern, a copper netal bunp, a
heat condUGOPPBR MIBEA, FIaIvbMii"iifﬁ@) FERaRQIUCETHS AME|, GOPEER OAOSL PATIERNr

formng a ‘%ﬁxﬁﬂfuu@?t RING %td%ﬁﬁﬁ“ﬁggﬁlw&%}mu RN LU%ER%Angﬁgt al uggs

hi gh el ectric con IVI y ‘an UCtIVI *and
as a conduct or BiML, H@WDWTIC&JP@&% BONIIDICEM ATER 811, a’alND RIMiesx exchange

material, and a heat dissipating On the other hand, in
inkjet printing, a jet dispenser, @@%ﬂggﬂﬂm& spenser, a dispenser, and

printing formbased printing, since a liquid materlal can be applied on a

mat eri al i trary shape without using a photoresist process,
attenti onl?%&ﬁﬁgc@%ﬁg‘:ﬂd to these techniques fromthe viewpoints of

on- demand[§9fbducti on, power savings, material savings, and cost reduction.

Particularly, i nkj.et. ntin nd a ere formng i s nmade
possible in a ng}hcr)é(()sje[t% n“%n“m“d gf%aco élrrllngmaggﬁﬁ)ebgalg%bhe beyve%ii Sé‘ﬁatgqtcgt , curved

surfaces Grmsnmidlor anmalddudé am@;odafmdnmmmgltm chogrermaieiadfilnt, habppesmﬂ?rpossi bl e
in printi g ef Ozri Q& uam W1Pm usm 119 &8 CoPRer tae} yeq:'o eoog[BLbu 1 tAs a
printing PhK 2"%¢6ppe ﬁe%ﬁ Bﬁ?elréran? roGgh SteA "Bt'i nti ng

met hods, tdmducelohawth zthmdmg mggesltmi adigdidspep sdithom fbi fginidg etoppeppen] fitet al
nanoparti cles (see, for exanple, Patent Docunent 1), and a solution or

di spersion liquid of a netal conplex (sec, for exanple, Patent Docunent 2).
However, BapE&IRMIAYD ARSt abl e oxi dation state at roomtenperature, and
copper @ggﬁ]l ally contains copper atons in the oxidized state. Therefore,
in order copper nmetal to exhibit electrical conductivity and heat
conductivity, taeper ingaldhankighlele@ricad chiglactivit@agd high heat conductivity, and is

widely used as a conductor wiring material, a heat transfer material, a heat exchange material,
and a heat dissipating material,

On the other hand, in inkjet printing, a jet dispenser, a needle dispenser, a dispenser,
and printing form-based printing, since a liquid material can be applied on a material having an
arbitrary shape without using a photoresist process, attention has been paid to these techniques
from the viewpoints of on-demand production, power savings, material savings, and cost
reduction, Particularly, in inkjet printing and a jet dispenser, where forming is made possible
in a non-contact manner, printing can be achicved on steps, curved surfaces or small-area
surfaces, and pattern formation thaf is impossible in printing form-based printing can be
achieved.

{0003]

As a printing ink for forming a copper metal pattern through such printing methods,
ihere have been suggested a dispersion liquid of copper metal nanoparticles (see, for example,
Patent Document 1), and a solution or dispersion Hiquid of a metal compicx (see, for example,
Patent Document 2). However, copper has a stable oxidation state at room temperature, and
copper essentially contains copper atoms in the oxidized state.  Therefore, in order for copper

metal to exhibit electrical conductivity and heat conductivity, there is a need to reduce those



copper atons in the oxidized state and to prepare a conti nuum of copper
netal . [0004] Furthernore, in a printing ink that uses copper neta
nanoparticles, there is a need, if the printing ink contains a dispersant,
to first renove the dispersant before use, to subsequently reduce copper
oxi des, angppticitehsnt dre/okidsed coippel torpedpale apanttnuehes$ cdpperobdtdi N a cont i nuum
Exanpl es ﬁf ]echniques for such renoval of dispersant and/or reduction and
si nteringtncl'ude: (a) use of hydrogen after activation by an RF plasma

met hod (see, f orFurthxampd, @) a RattiepinkBoc usee ndppd) man! randpotiicles, teermivtahedd, (See, for
cxamml e BEERRRETRR o Bl of VRSP LB B0 AR AN oger
hi gher ( se@ucefcoppeexdig) ad tPatterifisdDoppmenrtal pIrticlé¢sdd obtemtaicnginuanhydr ogen gas;

and the | ke, . However, suc nbi nations_ of.. print. i nks ,and

t echni ques e oL seehyPisn o Kb e Ra aT i Rt L s et anC aftiae BERAET

adhesi venés sse gfeedrogeg abiér seti@atedy priinplednd agthed (sdv] fpheseoiplayBarestsi stivity,

and deep-part reducibility. Thus, the printing.nks ul.d .nat. be applied to
conduct or PariehES e B vaideritien, bOFeRBl bRl R=r RE LD B9t nafa R

mat er i al spofxandeh heayddpssitpaphag (Oeicaingatisy a JoBMPE]c alcohol havinTheakeawsEs f or

t he | ow adhesi veness, peelin treate rinti.n ayer and, hi vol unme
i et vt SRl B R R P b RER ST R e R ek S e P B B o o

bodi es obt ai nedHbyewst, Ricarcbmbingioamehiratingrekaindeahhai i fogeparion addes in the

printing i.nks through reducing_ heatin and ther connect.i ng .t he
1 e s T e PRBIehs HE0E b RSE e RS heb Uikl B ERBEE b &
t enper at urdumichistidueind dbgrattreduadiiity. NG hpoithetprafing ks svetdalot bemgdpditd @t ons

mgrate within the parti.cles so as to reduce the surface area by utilizing
The Par gectliParcutuhh by B 8 e Prb i Mhas PREPEE BB% ne oxt er nal Ty
appl i ed etiedigyingsateligls.dri vi ng force, and bondi ng/ fusi on between the

particlesuﬁpgceeds (see, for exanple, Non-Patent Docunent 1). However, when
bondi ng/ f n between the particles proceeds to a certain extent, and the
speci fic surfaceheheas fs tHedshi adidsivinRe, pictigy eRfaell pfint&igdayer snddegielodimad ed and

stops. As a resuylt, a.sponge-like sintered bady i .orned. .This is because
ol b et ashS e 08 R PRAE: piaiRe S b G e Bo S icp 4P ERiBe o
not acti vekyerdd @kalcbdiging Pirtitles e mubsd mad &rsgk facang Maiigs aheigdehy bet ween
t he conductor |ayer and the substrate, .and adhesi veness not be

obt ai ned. “4"HeGHY pﬁ%‘cﬁﬁdr%gg‘ggﬁéﬁo%?sdﬁ‘é‘%flgf’ et ‘ﬁ’é\‘?}’értgggﬁt%uggest ed

hi t he ][ to ?m?_&ﬁi%&ﬂn@ﬁl_!&bérmﬁdnmﬂ? Iﬁelﬁl@g'ﬁd:lihﬁ'{o@ﬂleirrﬂ%[ﬁal,ﬁ?htﬂ amemtg@g:rwiaﬁn qanelt Ki (T dfe
as a foundation. resin ee, for exa e, en cunmen :a nmethod o
printing BATEYFIAAE Brredug th singace anep PR lgﬁlgégfglegﬂw?%ﬁ e’%ej%?b%?ﬁ)é“é*é’ylﬂé‘% ent

Appl i cat i piwd¥Ppar288ma 664 malpRdhlisd fRidyad nefdriviipasits, agd bdndindifiyo 0 a resin
t hat serves as the toundatio?, nakin% the resin_to conLPrggto t he condyctor
| ayer, anbftYFratRRArEbe R9vredy (SaHeoBRESEon- PG EHment o BlOXEEET WiE t at i ons

on the fopndali@hod R8)dn MRtpRFICRE pREedif® AAMHChicANa B O WPekific surface aredOr  t he
sane reasons, in the process of sintering of netal nanopartigcles at a

t enper at ulf&eReEhthe Siagrest HaRsehis dersicralslnp sioRt o aTRRnRepEc-Fissiiehet ween
the partigd®ss BHARS ahisdk BdedBe Rt het@tatoMY 158 ot Ner BRRGIWitihSHUE hds®r ar ea has
decreased to a certain extent along with the p%ﬁéress of sjntering, and a
por ous s pHHEAes| R do B REECHOIT Y IRET OV & OTUREERT THiafeBYds Fepafeeiveentsy obl em
in a condughi@idrddfel O the 8BLIRN hndddnivhak awy 2006 dohdtedt N oY@k WiRIdress
resistivity does not fall to a value 10 tines or |ess the vol une

resi stivi{igh BroblEEKhes peLee pege|cd hitherio o mec | @P e, CoplrR ik Bcehni ques
of using hydrQgen,@fihal :2¢ Fdualted Res@Sséd idr beMll@PatchinDdcBmbeROLLRM Jdhat  the
sane techniques are effective in the renoval of oil films or in the renova
of phot or &iSTBting Eeqneuct PRIk ¢} Hscrircansd RV radel v prigalfprlicdan Bat ent
Document  7505R@Y40M),"8d T85NRd o LYW fig MM A8 L in ek DB ML s SRGoNARRat ent
Docunent 2). As such, in the technrques of using hydrogen after activation,
there is abides depmsop o hesopdpckuyes abidogheotiznagadhesyensst i vat ed

hydr ogen. [0007] Furthernore, according to the investigations nmade
by the inventors, in an activated hydrogen treatnent by neans of RF plasma
or surface wave plasma, deep-part treatability to a depth of 2 mor nore is
not obtained, and treatability of deep2parts al so poses a problem [0008]
On the other hand, as another reduction technique, a reduction technique
that uses formc acid gas is known, As a reduction technique that uses
formc acid gas, it is reported that a formc acid reflow furnace is
effective in the renoval of oxide films on the copper and sol der surfaces
(see, for exanple, Patent Docunent 8). This formc acid refl ow furnace
produces copper formate by applying formc acid gas to copper oxides under



Cl TATI ON LI ST PATENT DOCUMENTS [ 0009] Patent Docunent : Japanese Patent No.
4155821 Pat ent Docunent 2: Japanese Patent Application Laid-Open (JP-A) No.
2004- 162110 Patent Docunent 3: JP-A No. 2004-119686 Patent Docunent 4: WO
2009/ 054343 Patent Docunent 5: JP-A No. 2007-87735 Patent Docunent 6: JP-A
No. 2008- Po06kY IRat @ntimbDooun®@nthe HundABo? 365 MAEN30E IRatehttiddoauimedt 8:
yspanese Falenl i 33428, EDCEATENT BRI L B0 et e, Cocure
Pl enum Pr espe@®e88)ch lower than NensdRaiggrint Bbidemetal, fidion Actwleauthe partticleMatisunur a,
Jpn. J. Ai?t%' timel?)%}ﬁ al wiﬁgh’ th(g 521)9391%2 sﬁg:c)’cg 51‘?:1:—.16 lﬂa]g d&?%'?g a gazrtaﬂ_l 5&&'&’%&@ Iw%}lthe
progress of sintering, and a porous sponge-like conductor layer is formed.  Thereby, thereis a
problem in a conductorization treatment at or below 200°C that the volume resistivity does not
fall to a value 10 times or less the volume resistivity of bulk copper.
[0006]
Furthermore, in the techniques of using hydrogen after activation as in item (a), it is
reported that the same techniques are effective in the removal of oif films or in the removal of
photoresist resing (RF plasma and surface wave plasma: see Patent Document 7, hot wire
method atomic hydrogen treatment: see Non-Patent Document 2).  As such, in the techniques
of using hydrogen after activation, there is also a problem that resin substrates are damaged by
activated hydrogen.
[0007]
Furthermore, according to the investigations made by the inventors, in an activated
hydrogen treatment by means of RF plasma or surface wave plasma, deep-part treatability to a
depth of 2 um or more is not obtained, and treatability of deep parts also poses a problem.
[0008] '
On the other hand, as another reduction technique, a reduction technique that uses
formic acid gas is known. As a reduction technique that uses formic acid gas, it is reported
that a formic acid reflow furnace is effective in the removal of oxide films on the copper and
solder surfaces (see, for example, Patent Document 8).  This formic acid reflow furnace
produces copper formate by applying formic acid gas to copper oxides under heating at a
predetermined temperature, and reduces the produced copper formate to produce copper metal.
Thus, the formic acid reflow furnace is expected to be also effective in the reduction and
metallization of printing inks.
CITATION LIST
PATENT DOCUMENTS
[0009]
Patent Document 1; Japanese Patent No. 4155821
Patent Document 2: Japanese Patent Application Laid-Open (JP-A) No. 2004-162110
Patent Document 3: JP-A No. 2004-119686
Patent Document 4; WO 2009/054343



PROBLEM TO BE SOLVED BY THE | NVENTI ON [ 0011] However, according to
the investigation of the inventors of the present invention, it was found
that in a formc acid gas treatnment of a printing ink of copper oxide,
copper metal precipitates out at printed areas, and at the sane tine,
copper preci pi tat@sDouimehns: aPAadge0ehtiAs even on the substrate in the
surroundi ngs of ed a r hand, it was found that even
when copper(lI)Paﬁ'le[]'!lP qgmfégggﬁﬂggébgﬁ%ﬁﬁggted to 160C under nitrogen, the
copper for mat e-appl Dedinenea WORHE/G538@ copper netal, and at the sane tineg,
precipitation eve h oundlngs of the applied area
of copper(I1) ?%?%ﬁﬁgm?ggﬁ%gﬂﬁg Bmﬁggﬁ%?ﬁégg%ove findings, it is
specul at eNONAATEHNT DOEUMBNTISC aci d gas treatnment of printing ink, copper
oxi de and(f mc acid gas react with each other to produce copper fornmate,
and t hen E8g er netal precipitates out as a result of thermal deconposition
and reduction omo;cmp@ﬂ)oémemat éiwdmgvﬂé\ﬂezmd R.$1 Gaddart; I'Sinteting 4ddat , there i s
al so a po tion of ¢ . bl i mes and t hereby reaches areas
other tha mpﬁéaBWF(g@ﬁﬁmrn ﬁhﬁgpﬁéy so that such copper formate is
deconposed on tN@}Baaﬁrﬂadn@mznﬁInmﬁdHdﬂmpﬁmunﬁmaﬂ¢umhmwmj4t(mmzb
precipita5§%£®§ If the problem of precipitation of copper netal such as
descri bed 0 can be solved, the reduction technique that uses formc
acid can sol ve various technological problens in the formation of copper

met al , f l..., [0012] The present invention was
made in vgg&ﬁﬁ&§?9§7§ﬁgﬁﬁﬁﬁéﬂ8ﬁthe related art as descri bed above, and the
present i PREBLEMIMTG BEISOLambeRly tHEaNNERTeONhe fol | owi ng objects. That is, an
obj ect of thﬁ present invention is to provide a copper netal having
satlsfactgp§ substrate adhesi veness, |ow volune resistivity and

sati sfactory deepwdar, hcdaﬁiixaé to ﬂfe@p&ﬁtﬁgja&@x ofadineenmes btk ﬁxes"enqanodmoil ng a

copper netal i.ch abl e of UCln a co netal film by
FohhC ng. PO T Bic 0, BRLEFT BEEP SHEe kRS Cbe e P Pt
damagi Ng gresipigtdsroat £ pfjmted areas, aifdbt tH’d@ﬁr{i@ﬂizﬁc, cayyel ﬁeciqu:semt 111?{1a1fgb empresent
invention is to provide a copper. nmeta ttern hayi XC ent. sybstrate
adhesi ven8€& o8y SFW\%‘P Fravrpouadings ciflawgg\%ﬁ?% h Gndhe %ﬁ?@am&} VB i g%lj&
Wi t hout danReinegcRpsubShidleis afplRBEIIGHREA 1M GOPOIndés higedn@c eopRer et al
pattern; a netal bunp; a heat conduction path; and a bonding material .
Still anofcﬁ’é?teﬁml@éﬂl%fotlsdétOﬁPﬁ%eéﬁ‘F*a} ﬁ%ﬁﬂh%@ﬁmp §Wd)iffﬁ!6§ﬁl%°%?0p?<ame&l
conposi ti gn, %%@erﬁ)u%mésq{f @ﬂe@%pl%d%%%? Eoﬂiﬁ@ﬁ(dﬂ 1@ fofrhd (9@l c eSO PPRIM BBLRve
pattern, which can be forned rintin has satisfactory substrate
adhesi ven8adings| ol spesrlared thas sy té@ fowicwmérgas Sefmat aLirE¥iype HEeiPREKidgarG)
properti gy MNEANG £ %@h\éhé}l%tﬁéﬁ% ;PE%%L,- Eé\ﬂphofaﬂéatc and then coppB€métavent or s of
the present invention speculated that if copper formate i s deconposed and
copper nepEbipitaes e Arptod thepral deapaRoBETrond redypiEOl CORMFRICENHEIONSEE to t he
sur roundi RAaRbn lNFarARAL !lsed%oaarp%ﬁmmsr ﬂ;@a 1SR d WREA QUblinRE BEF REERLERROf
copper to areas other than th area, and conducted an i'nvestigation
on cat al ystess otlfhsn iltﬁhveminwehﬁmﬂ@d fu@wa thahatch gpReRT SrpEe Bl deFaniopetigithg on
metal or g{ }8%1 rturidb m@ti {Eg%\g n&sﬁm BXin3Gh YD ASs Gt Pr @S Mien@bs frB&pilalignsi ti on
metal or oy, Is a co-exi st ‘as a catalyst in a copper-based
particle dépo&nmu@hamayeﬁ%c%mppbmwwwnﬁrﬂhédph@@ﬂ%ﬁ@&ﬂé@ﬂﬁﬁﬂh%wﬁéfmnuc
tenperat ug & of, s%]%gg:alﬁﬂss R %Q@Jg,md?}ﬂgblgﬁls BNAL sobihdBn opt@pﬁ\ﬂhﬂh&ﬁt LRNs @beRRPPET
nmetal to a region ot he" copper - based particle deposition |ayer is
suppr essewsctid a | arge extent, thus conpleting the present invention. That
is, accorg ahto the present invention, during the formation of a copper
metal fil en a copper-based partlcle deposition | ayer containing a
transition met alhanresehienydniien wis raalsdr vibed! Blsovadling of dierraldtef! art andesgrdbad wher e
it is |nt I. | cl e deposition
| ayer ﬁﬂQ?dﬂﬁﬁmpﬁéﬁg ﬁ%@ﬂﬁg}gﬂﬁﬁ% dML&%égﬂgg&gg%BﬁE%i is present, a
copper netal f|TMn&amlﬁmstMBQMEvmtyV¢mDWEdO@WWWL@NOMNEH@@b%@ﬁ%based
particle deposition area. [0014] Furthernore, as a result of the
investigation, this technique is characterized in that precipitation of a
dense copper netal filmcan be seen in the vicinity of the substrate
surface, and the adhesiveness to the substrate, which is a matter of
concern in an ink that uses nanoparticles containing a netal elenment, is
excellent. In the conductorization treatnent



according to the present invention, it is believed that since the treatnent
i s achi eved through sublinabl e copper formate, copper atonms can diffuse by
sublimation even to the outside of the particles, and thus, copper netal is
precipitated out fromthe top of the catalyst nmetal or the top of the

subst r at esatifhamytshibsgrate ediceivtrent lcadhdsieredessy bet sagdirt@ay sepstartat@atiand a
copper netal Lll I m.can ﬂb% fo_bt,aé ned W t houtt | -1i ng, & r‘ecgifn ,sogblstdr at e whi ch has
been made” P8 HEVE GG BB EVS AL £ R PSUBER e MY S Pl producinga T () A
copper met@hefmdtahiithbaiddednbihe toppat metg famcloppbed-dbasetd dpanarte wéhdeposi ti on

| ayer congai ni n% bolt_h_ copper oxides and a netallic transition netal or

al i oy, or “AHEEASII8 metal conpl ex containing a metal el ement, with
gaseous form c Beibdrnangqosthd objalod eleydecnh eatein iscto prROW@ecarcopiqgheral [ 0016]

(2) The copper, netal fil maccording to gil erein the copper oxides are
Cubr ous oRHRE gk Sreelin FIRTaRre Aptss i oo VRS BRRE B BEF
fi | m accophiting without Eymeging 29ubstisdre b edrdudtbhievitin@asid thocoppatradtal paltéroya and

| ected.fromthe group consisting of

transition nmetal c | e re a, metal s

cu. Pd, PPeaRRmAg B oA R BB i ng the metal, and a compl ex
cont ai ni ng t he smElabthet @fends the @seechvesednyis td @088 a liquid composi{id) caphkle copper
metal filmaccording to any of (1) to (3), wherein as.the. co r oxj des,
Thd-the nBraTRES FrdRene Ratm e Eiber Satgert e B chBf FoRTRe S8 Conpl ex

cont ai ni Nasaatieicary sbarmdidhedFeaess,ApP eslume talst fiiyl aind canfaaionsdgepphit aleds havi ng
a core/shell structure in which the core part is fornmed of the transition
metal or BI%PBYS and the shell part is formed of the copper oxides. [0019]
(5) The copper netal filmaccording to any of (1) to (4), wherein the

metallic M@&E%& 3 E@N}: Th@ g@ﬁﬁfr nmet al obtained by reducing a portion of
t he copper= e Ig P 6) T | ayer. [0020] (6) The copper
metal fil moagcording to (5), wherein the technique for reducing a portion
of the copper-based particle depasition |ayer, is.any one of (a.% a ho% wire
Tethod atomi ¢ hiHBYS" 1 ERRRRERD: (o orreire b R ol it SearRERY | (3)
an RE pl asioppee aleiBRprec(pihted) e@tel &b el &dpp BYERGEd fudebio Be dur@aidiBRtbr Usi Ng a
treatnment liq ]S whi.ch ggo tains, in.a si nql e solution btﬁth anwﬁggnt whi ch
| oni zes. o1 @BAHSH BSEA{ER A SRRk R =G SOMEGISCT G CRGRE” R BRI ore,

and conducted an investigation on catalysts. Thus, the inventors found that when a metallic

transition metal or alloy, or a metal complex serving as a precursor of the transition metat or

alloy, is allowed to co-exist as a catalyst in a copper-based particle deposition layer, copper

metal is precipitated out at a temperature of 120°C or higher, and at that time, precipitation of

copper metal to a region other than the copper-based particle deposition layer is suppressed to a

large extent, thus completing the present invention. That is, according to the present invention,

during the formation of a copper metal film, when a copper-based particle deposition layer

containing a transition metal or the like as described above is formed in an area where it is

intended to form a copper metal film, and the particle deposition layer is heated in an

atmosphere in which formic acid gas is present, a copper metal film can be selectively formed

only in the copper-based particle deposition area.

[0014]

Furthermore, as a result of the investigaiion, this {echnique is characterized in that
precipitation of a dense copper metal film can be seen in the vicinity of the substrate surface,
and the adhesiveness to the substrate, which 1s a matier of concern in an ink that uses

nanoparticles containing a metal element, is excellent.  In the conductorization freatment

93]



reduces copper ions or a copper conplex to copper netal, but does not
contain copper ions, and (6) an atom c hydrogen treatnent through
ultraviolet irradiation. [0021] (7) The copper netal film
according to any of (I) to (3), wherein the copper-based particle
deposi ti orcchayrno its peestrayeentobf iais helbvbythaepos it itrgnanipasdicet @ thmugh ur e

prepared by.m xin articles formed of.a netallic. transition net or
oy or ik oSt SroreCipT s iR TR ARG L P A o S A
copper oxpdeclpanidtblsesopatr Betal & edipiared ot@ffdndthe fdpOT He cataiyst metal qr8e tdhe
copper netal filmaccording to any of (1) to (3 herei.n the copper-based
e R TR R AN TN O e R i Ui A

m xt ur e praparobdinhy withatit 0gnpareinchiesatt ohiivh taOfecamakitahbvecotfoamsictioon met a
or aIon,tor a tragsition nmetal conplex containing a netal elenment, with
particl es A HY 8%o0r e- shel | structure in which the core part is forned of

t he netal [ans] t he shell part is fornmed of copper oxides, and wi th copper
oxi de particles t an ar

bitrary .ratio. [0023 , The copper
o Tl Socottaficatien Tl Aol Ak Yeaod S abnes e putivb fner iEn GoR”

Ipal‘ ticle deposihgbancppyerxides 31&1 4 @aptellic ?hisﬂioﬂ&dtabyr diepas Etriamgi@ngetﬂr nore
ayers contai.ni ng, copper oxide particles, on a.layer .obtaine epositin
et e o1 oot AR e Gl i e o S0 BYRL Ry ReBRR 19 SRR on”
met al conphEk gaephai ning a nmetal elenment, with the |ayers being in contact.

[ 0024] (10) The copper netal filmaccording to any of (1) to (3),
wher ei n tH@igopper-based particle deposition layer is a | ayer obtained by

lam nating a | agerheQpbaindid1Gina «80tdhd b et #RAGH tHeQbpEbalesQke @ipt@Y, Or a
transition nmetal conplex containing a netal elenment, on a | ayer obtained by
| ami nat i n§XIEHEIEY CHBCOX{dGyer s cont ai ni ng copper oxi de particles. [0025]

(11) The copper netal filmaccording to any of (1) to (3), wherein the
copper - based particle deposition layer is a |ayer obtained by |am nating
one or nore | ay&p dheumpeimitHdin dioehngriHer far Victia gie tgpsitipnipetah 2t ai ni ng

a metal | i gnd ¢ A88bt hen1 dhalpd 2 2 AbthiQ¥lected frém ileaNSIpt doBBstIB bACu CRNPY, &
containing a netal elenent. [0026 12) "A nethod for producing a

copper nmetdl Ay pdRh, pralioygrrigining theansil gand acempler Codgige hemdad leEmgeiposi ti on
llayer contgjdiiagy both copper oxides and a netallic transition netal or
alloy, or a transition netal conplex containing a netal elenent, with
gaseous fH¥$k acid ancllor formal dehyde heated to 120C or hi gher.

(4) The copper metal film according to any of (1) to (3), wherein as the copper oxides,
and the metallic transition metal or alloy, or the transition metal complex containing a metal
element, the copper metal film contains particles having a core/shell structure in which the core
part is formed of the transition metal or alloy, and the shell part is formed of the copper oxides.
[0019]

(5) The copper metal film according to any of (1) to (4), wherein the metallic
transition metal is copper metal obtained by reducing a portion of the copper-based particie
deposiiion layer.

[0020]

(6) The copper metal film according to {5), wherein the technique for reducing a
portion of the copper-based particle deposition layer is any one of (1) a hot wire method atomic
hydrogen treatment, (2} a surface wave plasma treatment, (3) an RF plasma treatment, (4)
heating under hydrogen, (5) a treatment using a treatment liquid which confains, in a single

solution, both an agent which ionizes or complexates copper oxides, and a reducing agent which



[ 0027] (13) A patterned copper netal pattern obtained by treating
a patterned layer by a treatnment nethod of bringing the patterned |ayer
into contact with gaseous form c acid and/ or formal dehyde heated to 120C or
hi gher, wherein a copper-based particle deposition |ayer containing both
copper oxh@%ssam¢u&obnam&bﬁkﬂ&mﬁﬁhﬂbcgmmah&aymﬂdbuamtmmmﬁhbbpﬂia&taﬁ

conplex ¢ tal net a Nt . 1S pa rned by printing. [0028]

(1) The’ PefaPrbe Bepe Pondt e Re Rl B & (13) | “wherein the
printing ﬁﬁmhpd used in the patterning of the copper-based particle
deposition la e ected fromt rQup. consi stin i nkj et

or Pt ngsupor U7 Ry BPvar T S e ean B D S Bh SRR g ot f set
printing @mficljs é@épopitibnlal dt gs ?mapd’:]@Htﬁ!,l‘leﬁb}ddie@ﬂﬁﬁlﬁ;&t’p&ﬂ&ld\ﬁﬁdlk@p}djasggﬂgglﬁfxmoggBgi)rTTTB.
coater, a_sl.it ie caater ter

0031 ' 1 0851i%y GO p plyk egmAUE T b g ARGt Ras SR St Zpar e
accor di ngatu@tal d3hemdrwithlebhper 1} pAticepes abRag ratdinp usi ng the copper netal
pattern aﬁgﬁﬁding to (13) or (14). (17) A heat conduction path using the
copper attern according to (13) or (14). (18) A bonding materi al

usi ng t he copper(s) et adppgahdt€ film acoaiigh B gny & ((Y1t3)3)0hdrdid Jhe copper- bascd (19) A

| i qui d conpasi tion nt ai nj ng: , cop oxi.des, a.nmetallic transition mnetal
or al I oy, PEPOIS SfRASHET BYE A hisraiobEERIPEIPRUHED HPURF B HEPRFCRERE and a
sol vent hawticigs f@rvapdh nQsstinatat madr afloy essirdnkiaon ﬂ:let3l4003r(¢36x%ntammg

wherein the c onent re. dispersed such that .the ayera . sper si
Tt el e B PB O i e P e A et it e Lo Rt i BT 26 1 s

2 [tin or tHeeﬁﬁal ahidBle SRNHENLs BfimddREcGPPRRIdeQthd &8N tSpplr dxidcGArtpdk A 2Dy Vol une
relative t 100 parts by volume of the total anmount of the copper oxides,

t he netaIF75“¥¥@ﬁ%ltlon metal or alloy, or the transition metal conplex
cont ai ni ngpoazret al el ement, and the sol vent. 100341 (20) The

1 quid compost gt accarohig i, S ohu i S &5 L RE b Ol EhL
group congirsitle BgpoditioCldyerRela lal¥r obiined By GepoMingddid oibhoreyedd doaie@idoppdai Ng t he
metal , angxige ga?“pgelzseén 2(1: ﬁgér%%&nré? b}t/ Qeeposxtmga]laamcles formed of a metailic transition metal
or alloy, or a transition metal complex containing a metal element, with the layers being in
contact.
[0024]
(10) The copper metal film according to any of (1) to (3), wherein the copper-based
particle deposition layer is a layer obtained by laminating a layer containing a metallic transition
metal or alloy, or a transition metal complex containing a metal element, on a layer obtained by
laminating one or more layers containing copper oxide particles.
[0025]
(11) The copper metal film according to any of (1) to (3), wherein the copper-based
particle deposition layer is a layer obtained by laminating one or more layers containing copper
oxide particles, on a film containing a metallic transition metal or alioy, or a transition metal
complex containing a metal element.
[0026]
(12) A method for producing a copper metal {ilm, mcluding: treating a copper-based
particle deposition layer containing both copper oxides and a metallic transition metal or alloy,

or a transition metal complex containing a metal element, with gascous formic acid and/or



el ement. [0035] (21) The liquid conposition according to (19) or
(20), wherein as the copper oxides and the netallic transition nmetal or
alloy, or the transition netal conplex containing a netal elenent, the

| i qui d conposition contains particles having a core/shell structure in

whi ch thefog@m@mpagﬁcajcg{d‘@rop@dl wfnek he transition nmetal or alloy and the
shell part is forned of the copper oxides. [0036] (22) The liquid
conpositi BR*Hccor di ng to (19) or (20), wherein the conplex containing a

met al el enent C@@)SA%&&&&@&@@%M& aiterbvikiR@l Al MEM a padiBded Bgeragnt ent of the
conplex is such that the wel 1Pthe metal atons in the conplex is 1 to

100 when tfémGeMgHed affbltnm@gﬁwtﬂal@éftﬁ@bwﬁ%% BRigVIHHRSOYD PEPICHI 4B s t aken
as 100. [ QP3dfihenyde heated to {288 orlighel, Walicth &&M%b&cﬁ%&tx@l@@%ﬁh@ﬁ 1dyer (19) or
(20), wherein the netal, the alToy containi ntlg the metal, or the conplex
cont ai ni n@mmnmlmopmr@mm andg tjapsitonyastalios oyt @ aftEnion MEalarpia es ar e
di sper sed.J,0,,0avem a}r%gﬂl g;p cf,ggrbypgﬁlm%artl cle size of 2 pmor less, and

the surface area o n2 or m)rerelatlvetolgof t he

wei ght of [W0R# particles cont ai ni ng copper oxides. [0038] (24) The
l'iquid conposi t%@i‘r& 99&gédrbgpﬁeplr@ﬂyl)a‘?tfeln(a%ugc)rdlﬁgto((?%) Whé’r‘@ﬁ'f&']ﬁmhﬂ dynam c
viscosity at 25 00 1 nPa.’s or di scl osure of

t he presemethphrsedin hppiticeéng o therceprst-based Bﬂl“t‘ﬁ@d%b}l@blﬁywﬂtﬂéPn%%‘é“f?@idbed in
Japanese Ral,eqt h&@hk 9 09 sarkr 0933t hidi8l sbiden A8 Afh Sept enber 16,
2009, the |scl%@%ﬁggmg?l%\hﬂnﬁfgﬁpsl%?n%csﬁ%ora e%l 1 1eglesl 1nel 4 %erélnce EFFECT
OF THE | NVENTEQXS§@oindjg and jet prmtm,gemﬂrc@i; r@gilslti@lstﬂhéﬂiﬁrj@sj@ﬁﬁﬂsﬁn%éﬁmn@)n t here
can be P o4 ASif SRRl JRLAL LAAXhRY satl sTactory substrate

adhesi veness,’ 1 ow vol'unme resistivity an satisfactory deep-part netal
properti ed028nd a method for producing a copper netal film capable of
producing a cop Headdd M L8680 3Paf 15y W t hout
damagi ng t he su@q ﬁdﬁémg%h%m{ﬁ}ﬁgﬁ%ﬁ)%i %gtf(t:cror %nbﬂ(&t opltlﬁ)l (:)r)esent

i nventi on[008klere can be provided a copper netal pattern having excellent

substrat e adhesegzgf £ DeA0ch (o VO LR &R b a&txrn%egljlggmﬂ3)w(@al nting

w t hout damagin rate ductor wri
heat [0031]
(17) A heat conduction path using the copper metal pattern according to (13) or (14).
[0032]
{18) A bonding material using the copper metal pattern according to (13) or (14).
[0033]

(19) A liquid composition, containing: copper oxides, a metaliic transition metal or
alloy, or a transition metal complex containing a metal element, and a solvent having a vapor
pressure at 25°C of less than 1.34x10° Pa,

wherein the components are dispersed such that the average dispersion particle size is
500 nm or less and the maxinum dispersion particle size is 2 fun or less, the content of the
copper oxides is 1 to 80 parts by volume relative to 100 parts by volume of the total amount of
the copper oxides, the metallic transition metal or alloy, or the transition metal complex
containing a metal element, and the soivent.

(06034}

(20} The liquid composition according to (19), wherein the transition metal, alloy and

transition metal complex are respectively a metal selected from the group consisting of Cu, Pd,

Pi, Ni, Ag, Au and Rh, an alloy containing the metal, and a complex containing the metal



conduction path and a bonding material, which all use the copper netal
pattern. Furthernore, according to the present invention, there can
be provided a |liquid conposition capable of form ng a copper netal filmor
a copper netal pattern, which can be fornmed by printing and has

sati sf act geyegubstrat e adhesi veness, | ow vol une resistivity and
satlsfactor¥ deep-part netal properties. BRI EF DESCRI PTI ON OF DRAW NGS

[ 0041] FIG 1 is a schematic diagram conceptually show ng the

process of the pf Pﬂléqghﬁ"&o@f)os‘itﬁﬁ a6QRPES to TEY 3 (2D), bier@in ok R cPHBs SRtdes
i nvention; is a schematic dlagran1shoan%1the constitution

of copper anghperactaliiel rpafiop ekl Pstlon O g &rapsiioa M RBRENEC

dr awi ng- splgtdi i BuRhQhRgsiaRNS nﬁﬁ@%ﬂgeﬁﬁMng%&%ﬁhéﬂ habirat Woithdl) coed the
FI B processed cross-section of Inlproduced in Exanmpl e 1;

FIG 4 isPat ’élF%%F%U%%’ﬂ“%tné%%@il%%"ééﬁ*F S@Fﬂb%‘hﬁ fogmeER PHEPESY FXF 1 nat i on
45) of th@oﬁtB-processed cross sectlon of a copper netal film produced in
Conparative ng 1; i.S draw ng- substltute Photographs
showi ng the st aésThsfl *qaldGBWB@FUOF%@P%?Fd”P& qomf’ar%@&bé@elicw e AR eRtegiger ved
(A) from | Beaf QR §(H1rstf11@§:§a sdiBlonfol @0 60&: Rae qu%&ﬁtérﬁ‘éﬁthé gbrAsisx ﬁtgbalt hat e

si de). BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [ 004 he copper
netal fi | earighhe thymadmtoms iy BRCPBAer ¥ 1dpt e v ¢ W%‘E@éﬁf hﬁ@a%iwt%pper- based
particle gﬁﬂgﬁh%@gamk@y@ﬁmyﬂqg@ngpnhalns bot h copper oxides and a netallic
transition net or ‘alloy, or a transition nmetal conplex containing a netal
el ement, W%H gaseous formic acid and/or formal dehyde heated to 120C or

hi gher . behRi A ShpoditB LQPREE wTEHRL (2f05 LR hb el @Sy Nvention
and a net hod for produci ng F he copper netal film and a conductor wiring, a
bunp, a heaiRiehideseiabn: HacompignePriiminds ﬁ‘@tahﬁ?f@‘?li‘ B0 a gificgite imeheuse the

copper nefa lieis! alr@axsp\M sed 1BV ILRGERRdHESRE GhVE ke bib M eh 1EE 2hPR43]

surface area of the particles is 0.4 nm’ or more relative to 1 g of the weight of the particles

amngametaf| g 3 j s

containing copper oxides.
[0038]

(24) The liquid composition according to any of (19} to (23), wherein the dynamic
viscosity at 25°C is 100 mPa's or less.
[0039]

The disclosure of the present patent application relates to the subject matter described
in Japanese Patent Application No. 2009-215003 filed in Japan on September 16, 2009, the

disclosure of which is incorporated herein by reference.

EFFECT OF THE INVENTION
[0040]

According to the present invention, there can be provided a copper metal {ilm having
satisfactory substrate adhesiveness, low volume resistivity and satisfactory deep-part metal
properties, and a method for producing a copper metal {ilm, capable of producing a copper
metal film by reducing the film to deep parts withoui damaging the substrate.

Furthermore, according to the present invention, there can be provided a copper metal
pattern having excellent substrate adhesiveness and Jow volume resistivity and formed by

printing without damaging the substrate, and a conductor wiring, a metal bump, a heat



The copper netal filmof the present invention has a copper netal structure
having a thickness of 1 umor |arger or a dense copper film which is not
obt ai ned by conventional reduction/sintering of copper-based nanoparticles,
and consequently has |ow resistance and high adhesiveness. First, the

princi pl ecekiudiiag peaRpes b@lﬁﬁ@'maftdtiamﬁﬂdch la11 B& 1BXqppdrMaghl patterm. FI G- |
conceptual ly shows the process covering fromthe treatnent of t

copper - based pal FHe e SREEdRg §Ahg REGFER e e e SalRG PrP Vg [t WI th formc

acid gas témdRioRERAME bi PRnRf a dorperRas] MMbah céipkiethibafidr vdhlctRetleeence
Nuneral 50 represents a copper-based particle deF05|t|on Ia Reference

Numer al  5IOTPEhPERBlpg angd }}?I%faéllsiai:t&’ytgf“‘%tgr‘ié cRfRFRVERSES IOV YO UMY 18?“ "6‘15' a4t ransition
net al con&hg%mggnk%;ﬂhngaalﬂakgkqelenent Ref erence Nuneral 52 represents
formc acid gas; Reference Nuneral 54 represents water and carbon di oxi de
produced as copper formate i s deconposed; and Reference Nuneral 56

r epr esent gr@ErcoppekirrabRlof bk fwvmfiss shown in FIG |, copper oxide in the
copper - based particle deposition |layer 50 reacts with the formc acid gas
52 and pr&@ﬁ@es copper formate. The copper formate thus produced sublines
and di ffuses aspms §&Ss schdhati@biagrahQERQHALY So@fngdroQks dHiENRbducEOPHET
formate is thermal |y deconposed into copper netal, water and carbon

di oxi de. ﬁﬁﬂﬂﬁ@?ﬁ%@gﬁm}ﬁltﬁemﬁﬁdﬁﬁﬂd§$t|on of copper formate, when a

netal lic transi tin i dBLRmai dablaBYsho@hg BelcbAMitbh 8NcI¥Béakide AAPIEX
containing a netal elenment is brought rnto contact wth copper formate that
has dif f uSddiydactyegisl! copPaRpidn adj acent copper oxide turns into copper
formate, coppergf@kia n%ewtng Stb@%elptaoeg%m%ﬁq spmnﬁg@@%mg@hsoy yaher and
carbon di oxide. This can be speculated to %ecause t he et al

transi ti ofilBrerogdssedicrags-pasiion ofra @ht@rtmahﬁimﬁ’l@@llcﬁfétnﬁxa@éwms ex cont a| ning a
metal el ement hﬁ% 9 1548 cgrgxlv%rg ﬁjsﬂ&l ep%oto%;tggﬁ Sh%gl Qﬂgﬁnattgﬁ E@igf Thi's
catal ytic action 1ncreases e rate o onver |on o e copper oxide in

t he coppeMwHﬁBedmpamimnkaadepoﬁatmmanh@yéﬂmpﬂmomﬂopﬁempmehamwmdelat t he
sane time, and at the sanme tine, decreases the anount of copper formate

t hat dlffﬁges out si de the copper-based particle deposition |ayer, and

t hereby, the prEK}ﬁut@mwmgsﬂﬁnmanmmmgmmmaheasgdmh@Mmmhamxmhenadﬁhmr-based

Gl i mea Coppen ' brmaty LRV BoPareeyamRuRbrah et PRI s cnai ng

on t he pr efstrit: oidg). of the met al conmponent and the copper oxi de conponent,
copper derived fromthe copper oxide fill in between the particles. A
copper filmformed in this manner acquires a copper netal structure having
a t hi ckne$ESoMADE FOR OARROING OUTA HIENSEENTIONCt ure, and exhi bits properties
close to ;@ﬁif of bul k copper. Meanwhile, even in the case of treating with
f or mal deh “formc acid is produced as a result of oxidation, and

t herefore, the ahgtimpatmad filhef fhepreat ackdioas deseklibyedatiigavceppes-based

appl i cabl e. ontrar Lnt traditiopal _
reduct|onPEPHFgﬂ¥%$°6#¥EdHB§nx%§§5§ ﬁ g???%@&@ gF&gﬁdfP%gbt%ﬁ@f? only

t hose coppedy, at Oisidibn Rl cﬂﬁfpﬁdx&bﬁlaﬁlj}@fa&&ﬁﬁ elewlhicitBE&ehn fanhi ght eder gy
state, fuse and thereby underg necklng under the action of the surface
ener gy, aﬁﬂ“ﬁh@”@éﬁ%“% Pd%%ﬁ{tﬁg‘ﬁartlcles remai n wi t hout change. Thus,

there are |'imt gl Nl Ge Ic%tr mbtRE ml @ $HeSh ARG @avention and a nfetHoll REMHARKEN g when a
particle deposition |ayer formed of copper oxides only is subjected to the

formc acﬁ@“@@§“?W@éﬁH®ﬁﬁ‘%@E@Wﬂ@ﬁ@”ﬁ%a@H@Pﬁﬂ€§@ﬁPmﬁﬁ9eﬂﬁbﬁﬁddBWé@Epltatlon
of copper \0®L@l aff Or fFiERSeUNShpd NRR EHE WAPBL H&H IARRBEOXY dempardi cl e
deposition |ayér occurs. Thus, patterning of copper metal is not achieved,
and the cdoppél netal filmthus produced al so has thicicness unevenness.
Hereinafter, t h@‘hé’@éﬁ)@ﬂ%ﬁetﬁmﬁto'fth‘é%ﬂzrsen@ LRBRMh 5 0f cdph& PREASERduk RMeRtd on Wi | |
be described. [0045] [ Copper-based partlcle deposition | ayer] The
copper-baébdqpaﬁfﬂmheﬁdepﬁsrﬁﬁ@ﬁct%yéﬂiWswbchﬁy@fmﬂ@ﬂﬁﬂﬂ”ﬁ?“ﬁﬁ@ﬁhdlng bot h
copper oxi : on
oAl com B B L e o S R o D Pk

i nvention, the copper-based particle deposition |ayer is a |ayer forned
before the treatnent with formc acid and/ or fornmal dehyde. The netallic
transition nmetal or alloy, or the trangigti on netal conplex containing a
nmetal el ement can be considered as a netal conponent having catalytic
activity for the deconposition of copper formate, as described above. From
this, the "netallic transition netal or alloy, or transition netal conplex
containing a netal elenment” in the follow ng descriptions nay be
collectively referred to as "catal ytically active netal conponent."” [0046]



( Copper oxi des) The copper oxi de conponent i ncludes cuprous oxide
and/ or cupric oxide, and in the copper-based particle deposition |ayer,
there are an enbodi nent of using the copper oxide conponent as particles
contai ning the copper oxides as a conponent (hereinafter, referred to as

copper oxhdiRsiabdsi CFigs)the BidipRIbr @O Bl Qim WSl i@ fikgedcopper oxi de
conmponent as partl cles in which the surface of the catal )é{[/l cally active

metal is coated Mt FOCEREY sbRysdRsProgepstovede I e BPdReH QY NGy a” cor el shel |

struct ur ecippentb&ipabiRe epssRicRMyler bShd RERAnRhtich wiat Rl healhytoard i ve metal,
and t he sheII part is formed. of C%E(Per oxi des (hereinafter, referred to as

"cor e/ shePT° 1&9&9]& pla @erg motad iy ok di | <?iercwéﬁglméﬂ RESHIS HFOPRFTRSYEd or

transiti oparti@t adpoGisih R, RQkEn¥BluRera@b EABRLs a metallic rASitbh ere@badIMy cal |y
active netal conponent, that is, the netallic transition netal or al l oy, or

the transPit GHSHRT Betabomple corRinga My clamprli RforapeedBmeral SHEPFFFREI |y a

netal sel eghethcfir@NRehPendé NUﬁex‘ﬁDilﬁle;ﬁEdeﬂl@ wafer 6 caftdn dBkide F»lroduAg ,as Appand RN,
an all oy containing these netal nd a transition neta

cont ai ni n f%lhlééSedeﬁﬁ%ﬂ%deP%ﬁﬁf§m@%W@1 o Efresephiet GORPE s 1 @%t aWtth ly

active WEI{ﬁFIGCPE&gﬁ%ﬁldcf:Hﬂfétcb%bﬁ%d BarG@t adpysitiod BYer 5D ecable GARPRSOEHION Of
copper formate and the consequent precipitation of copper netal, so that

the cat al 984 838 FRyndpropyrss ?%’P%ﬂ foresiten o BhEoPRE BRSNS RIpFCrbyhtwes #dpper
formate t hatisdasa RRCHRI LAk ?&Silul;emf@ﬂg’b o«'flhfgﬁ&naa?ﬁmb&a&er@ﬁ%mty of copper

oxi des, and precipitates out elemental co has been pfoduced by

r educt i ondecompotsd e edpaeandy, wtpr@méparbm@fm | Eurthepmengein gigsisceppogdiphg t he
transitio I alaell conposed
by heat a%(;r)g}f’ét rgrggglt)v?%lna ‘W%l%p o?%ﬁg%gyy E’I rc])r,,regp %ﬁjgnsf?tor m%ﬁgglﬁdlg)?r eat nent

or in theceyginpg & mggbelohent Fréughhin cavird wihegpree frmaie that bastdafifysed sl gay,
active me I

f or mat e, g%%ﬁl%la??%ﬁgépp I on 1&%‘?urﬂ &%l%%g%eg&fngseﬁog sﬁ&%ﬁi{?‘gs l}g&%g{g g‘fst for

t he deconpiésiwpormad, eopped cirbqsrrm@ede[ 0048 }an be speculatg@ia pbesgusgfthe thegallic
transitio I 0 | ement

sel ected fr %Eﬁ%o? %e?a‘i’ r@%ﬁﬁ%%%ﬁ gtﬁ&l IHBLI%&EB%!)@HM%X%&I %‘Rﬁ‘hé‘% Rh as a
core net alcdtaiaﬁfﬁchChalvélabicy@mSCSa:%m bowyte cTiauB(ﬁaly”t@raca(blMOW@es thoeatteef, an

et her, amppi ] car bon
nonoxi de, a t I?P&%F%%& I%gm oungqﬂe%?gegb{éyﬁ&%h@i?ﬁxﬁn?%%g{ gﬁ%@’p%gﬁr}g% kene,

an ar omat jaed a’tithmg;amatitml mgehthe Frntertings, dwa:dﬁes olre antpeng af Icepms foamate gandffuspeci fi c
exanpl es i I acet at e,
coppor (11 P ISHLHE SERPELL bt BB iosRRE SR ol AL BB P e
conpl exes areez)qsp@rthamhlneowymbelEd ppétle achosmmg hbz@‘rcamb@ alpattichdinated aclsttas e,

di chl or obi I

pal | adi umn%gg) qu%%ul? mﬁlacg%pgggfl?:’je géncg Ogé ggﬁlr#’% gl : ydllsjéa%gg P gé}n %8&9% C{}ﬁél um

pl ati num acegtipes of¢id mtaip;bmporrmtnndcthecbc)pm amdmmmmﬁhbrm,rqoq:eel derived from the

cchl oroct Lesel AT S BL AL WM HEbus MROBHA AP R o1y ver
i odotri pheqmlelpllﬁasmlxaeu,smlugﬁ 1h1c3<nbsvef1 acet aoe; msudemersh mmmaﬁlé exigbilsver

oxi de, gold oxid lLorotris(tr p h|ne rhodi un(l),
P hodt e noHBOr R e ST ERod AT B 61 d DAt % AETPERED T 0040)
Accor di ng féaldaie/dpresantcid R\{ﬁ{ﬁﬁlt@lms alr@u ki Gg@ﬁ&hnbﬁ) aﬁa@&]eﬁﬁtla|t}j{dfhgmﬂldnyoraCt ive
net al conpo ent, there are ai | abl e an enbodi nent of using the netal
conponent 49 O 2gidy 2 eé?rlbb%??{toi"ﬁlséﬁp lcéﬂ “enbodi ment of using the netal
conponent [@lger formng a film and an enbodi rrent of m xing the netal
conmponent as a sol ution of a transition netal gEI ex into printi

The details of ﬁliéhev%“”B&ﬁs‘“Qﬁﬁ’éﬂlflﬁ‘é’ﬁt“guwﬂflﬁf’“ﬁé‘nﬁ b‘PP‘BéH“Hé’i‘“&‘W“”‘F@gS‘O] The

copper OXIzd@& ANelod NRCALR Y e AbhY 2138 oV 1R Bes CONBIONE R 2 KlESGkiped above
in the 1pper based particle deposition |ayer can be constituted as shown
in FIG 25 'lgpg}ctp zmdé}aqfq:!:yf undergo necking under the action of the surface energy, and the gaps

between the particles remain without change.  Thus, there are limitations to lower the

11



(a) an enbodi ment in which copper oxides and a catalytically active netal
conponent are present in the state of a particle having a core/shel
structure in which the core part is formed of the catalytically active
nmetal and the shell part is forned of the copper oxides; that is, an

enbodi mentesishiphi ch, as shown in FIG 2(A), particles having a copper oxide

conponent 13 present in the surroundi ngs of a t tica ctive netal
conponent 12. NBPréhcé’ﬁ%‘&‘T’lie&SdlpP‘;?‘CCS%PPPH“E‘P ¥er; fﬁﬁ%ﬁ f?%?ﬂé)%%’? gws are

posi ti vel yummeidftd 8 réhid LT BB VeI i €ler B0 PRI s i fl@nsMehrkcipRition df Whi ch
copper oxides are provided In the surroundi ngs of catag¥t|calg% active

metal par tCPRiﬁc’e@c‘ﬁ]s‘Pﬁtj’a%ao%%r“i*’PélI‘eéPEl&ﬁLﬁB@%% PG RS ERAHEIRT O4HE par ti cl es
havi ng an oxd, gatchdi dgmffc@;ﬁ;f&dle@sxs fotlaBEbell, M tHetople lelabfiial thexrdalde@msof the
surface can be use [ 0051 (b) an enbodi ment in which a particle
m xture p@@ﬁ&?@&“ﬁywHV%P%g, at an arbitrary ratio, particles containing a
catal ytically aglkicwRfibehahatRiPeREént aBteiabt thehesnCiainabiiviigheopper oxi des
as a conponent is dep03|ted into a layer; that is, an enbodi nent in which,
as shown i96°EPe 2(B), particles 14 containing the catal ytically active
metal conpgnent and particles 15 containing the copper oxide conponent are
m xed and fornmed_into a | ayer. As the particles containing the

catal ytically a&@ﬂW@‘%@?ﬁP“&ﬁﬁB@ﬁéﬁW-“ﬁﬁrtlcles of a metal or alloy having

catal ytic acti virhycape-RadddaftlcRuefdsitRn tdyans la‘ldg@ﬁfoﬂﬁid&aly Wmﬂl{geé@ti@&i@b@l ning a
net al elenent haV|n9 activity can be used,

c)
embodi mentoxidgs apeacRe qllsfywsmale Beipl gy Y2 ‘Eﬁélﬁ’é@il tﬁeﬁbcogwécxc?fmt 1@ q la%r s

cont ai ni NG1GRAPEI X488y RARL ﬂ)r@sleﬁtsin%txéh ki@)&%ﬁp&—@ﬁs@@ﬁarﬁbied@ﬂﬁﬁbﬁ lapg iparticl es
containing a catalytlcafly active metal conponent, with the Iayers being in

contact; (avat foymed befpreths Gmtmenpviihorps s anglor Sopmpidelider the mqtelic 2 particle

| ayer 17 fQRRA Ldta1dr SRl EAkilidn A6thi RpIR BB RPRANEN Elcin%ntchﬁ bher
provided on a substrate 16, and a particle deposition |layer 18 formed of a

copper oxiceRsiderhseAEstal FEIAIREY hiidE Plibitie SFWE APRARS ‘Ii‘féom%ﬂf&’ﬁfl af F¥PPED t he
present enhadi-MRiescribhBaRAL t IFeh:8 i@ MR mbhdnRRAnEHdh Rakitor ﬁi'ld%/ slep@giisd on | ayer
18 constitute the copper-based particle deposition |ayer; [0053

(d) an entesii! pemrles spnighiegn maylalancal dn fhe folswing desa o naydesalectizsles
conta|n|ngdgﬂ%qgggMﬁﬁg@&hwa@gkuMﬁﬂggﬁﬁhm&onponent on a |ayer formed by
dep05|t|ng one or noré |ayers containing particles forned of copper oxides,
the |ayers0€ing in contact with each other; that is, an embodi nent in

whi ch, as shown ¢ Eﬂ&?ﬁéx[» a deposition Iayer 20 forned of particles
formed of a copper Poxi de conmponent is provided on a substrate 19, and a
particle |ayer Zhecdmpprasiiegpmponentintlydes eunrpyp oxidepydonfspat oddmpushaie i s
provi ded tcgr? efR0f¥ed %4?{1&3 §tﬂ%§§ih$ﬂ 1566 | tHere BrehR¥BboGARL E MiNGnP&phLRR formed of
copper oxides can be for subsequent |y particles contain

cat al yt i capingorguidsperties @antmmbﬁ@crmeraax@éa@& aehagnet dreedi ey T ngﬂ'eﬁttq ¥y,
coating or, ni ng
particles ?éﬁﬁéﬁhpgnuéa ggﬂ%&% gﬁggtggﬁg_ §5$%?%dggﬁﬂg?é¥g§ggga&?%ugh a
reduct i on whicsahqwanface d@@ optabitieddly, ac@vepaqmluéccrc@teri ajiarcopnsy WE@PSotﬁldttih articles

catal ytic rdi ng
o the pr asadt PG B B o B L T P & P eyer
21 constlnMMhdthehedpp@dGbasBEOp@ﬁﬂﬁ@Lew&epgﬁutd@nﬂqu@$Wﬂaﬂ§CFﬂ®54]

(e) an enE@ in which | ayers are forned by depositing one or nore

| ayers co ng particles formed of copper oxides, on a filmcontaining a
catal ytically atViubictmtsionoornponelty; ortthatitibrsmetarcommssdprrenng imvtahi ch, as
shown in thmm_(E) a film23 of a catalytically active netal conponent is
provi ded on ubstrate 22, and a particle deposition |layer 24 forned of a
copper oxide coG$GMQmmhn$&pmmV%ﬁedﬂmhwpenmLﬂﬁcsowdhnglk@a@WﬁEAEWBQdinent,
ngpfe:, l_ [)nage d?‘gg t'ht% i grfs %étérllcoalé ?%I:jg%o ($)1} dnmpg 1{ %gtggiigﬁcn? %B&Mbﬁﬁ}; .? ﬁlhqp‘sdectcd

consti t ut ifiensthe gt mmgnﬁmé Cruqubé’(t,tMlyzeg énbod Rirent dlopontaining thege)metdlh) , (c)
and (d) may al so be used. An exanple may be an enbodi nent of conbining (a)
and (b) (referred to as "enbodi ment of (0"), that is, an enbodinment in
which a particle mxture prepared by mxing particles forned of a
catalytically active netal conmponent, particles having a core/shel
structure in which the core part is fornmed of a catalytically active netal
conponent and the shell part is fornmed of copper oxides, and copper oxide
particles at an arbitrary ratio, is deposited into a |ayer. [0056]
Hereinafter, the methods for form ng a copper-based particle deposition

| ayer in each of the enmbodinments of (a) to (I) will be explained.




[ 0057] [ Enbodi ment of (a)] The copper-based particle deposition
| ayer of the enbodi nent of item (a) can be fornmed by preparing a dispersion
liquid containing particles having a core/shell structure which is
obtai nable as will be described bel ow, applying the dispersion liquid as a
coating | g tthn@ifodmslsthak @ont@itdy teyd M@altehencdis speliaisen  [Thaudliehan{ 0058] -
Particles having core/shell structure - st f Tﬂg part}clgf having a
cor e/ shel FAH8YYeaity 3Ffge PRl gompRLEhENERsasisAtlysL o B $BEMBP SRR i cal |y
gctivedneﬂghgegmpﬁﬂeﬂ&mﬁadphh@h&hﬁkﬁc@@@hn&a,&amnudceﬁWGaﬁmemﬁﬂmmdﬂs, can
e produce conposi tization of particles formed of the catalytically
act | ve motdTPoLBIBERERESeR Al EOpRPOR B APy b feg PIB?P(*&? @%ﬁ“ﬁ?‘*ﬁ&%ﬁﬁﬂb out
copper OXhdi@gea®é of &b@p@@mﬁgam@wﬁma&sb}u;&mmtag&oppanhat lﬁ:ltséﬂc:n blyjfluced .
preci pitafing copper onto the catalytically active, net articles, an
Chen oxi dPIeHE o RO SmpE Ry St o B ERoHUDE F5* COBBEHEP AT ORERET o o5,
aﬂdl It he P eegéd mm%e trigitBY hieA esn0éx hi&oﬁli@m@e by A&l a:l;]d/qaahietaic?ibresf fbllﬁlllif: orm a
shel | of copper oxides. . Particul arly, en t.he cat tically active
metal of f‘%@‘?@?}'ﬁéhﬁpfaﬁw P EERYREY OF PR ca Y ?tag%‘é“meﬁb‘ﬁ%?‘”& Geatntityi8a 1 n bot h
the core paiticandadiRemseddmppadit may Beppalctd By @8 d@dwipogtia «f 06)8/cs Renbte,
structure c.n_be_produ?edgg%ﬁ‘fﬁr exanpl e, | pqugcgng a pam/gaterial
copper cofpBtlEriiae g eq! pir ISP B WOR 3513 PHEPY OgAS CRRRCSERi A SPPEDol i ng
t he raw nefrerteal copper conpound with an inert gas for cooling. Meanwhile,
t he partiﬁbes having a core/shell structure used in the present invention
may al so “tbated with a surface treating agent for the purpose of
enhanci ng di sperginiiidsich the ndhSRMHdARomHIRDINcIuEY cordéket RRichKivdatheail

resistance of the netallic transition netal_or. alloy. The particles having
a core/sh&@Wa§ﬁ¢ﬁEFh$%“H@éHmPﬁmﬁﬁ@“%wggbHﬁﬁﬁﬁﬁbggfﬁﬁnﬂlgﬁﬁgﬁ@Ff“ﬁive a

nunber aveidigee Paigth, Glcerbsi it a8, dnh@oRide, i, Pdditel, Gh@niaf anlantige, kn @RAGeNM

more pref ggn%'ti)llc}/ cyg-n,tcgrbgl?ig acri]clf: r(]:étr‘ng}? glorrlrgigdee, EP {rigf];lgtgtaégln%ou]ﬁ%, gigog]égglorl{g;(idi,OOSQ]
isocyanide, an altkene, an aromatic ring, a halogen, nitric acid, or the like as a ligand.  Specific
examples include copper(l) formate, copper(11) formate, copper(I) acetate, copper(Il) acetate,
copper(l) cyanide, copper(II) oleate, copper(ll) ammine complexes, copper thiocyanide,
palladium chloride, palladium acetate, dichlorobis(benzonitrile) paliadium,
dichlorobis(triphenylphosphine) palladium, palladium acetylacetonate, dichloroethylenediamine
palladium, platinum acetate, chioroplatinic acid, platinum chloride, dichloroethylenediamine
platinum, nickel carbonate, nickel ammine complexes, nickel acetate, nickel formate,
bromotriphenylphosphine silver, iodotriphenylphosphine sifver, silver acetate, silver nitrate,
silver oxide, gold oxide, gold cyanide, chiorotris(triphenyliphosphine) rhodium(l), rhodium
norbornadiene chloride, rhodium chloride, and the like.
{0049]

According to the present invention, in regard to the catalytically active metal
component, there are available an embodiment of using the metal component 1 the form of
particies, an embodiment of using the metal component after forming a film, and an
embodiment of mixing the metal component as a solution of a transition mefal complex into a
printing ink. The details of the various embodiments will be described below.

[0050]

The copper oxides and the catalytically active metal component described above i the
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The concentration of the particles having a core/shell structure in the

dispersion liquid is mainly imted by the viscosity at which the

di spersion liquid can be used by a coating or printing technique, and by

di spersibility, and the concentration is preferably set to 5% to 80% by

wei ght, rrbclilﬁmpll%ecfchfa&tmﬂwdaﬁ@%oﬁ@ayﬁﬂ%lby cweiiighti as gooen avidh: hm“eacpiﬁe?flefr ably 10%
0 .

Ejft ?g?oﬁ%/cvﬁ: gg SI n@) %L(lﬁql Hl which Cr{T)B%eE) oxxﬁc and acﬂalﬁtmanggergn"Le%[lj(:(anaesneag gnad

mll; a cawelpratitanthstthte o2 paﬁ*hkﬂdﬂhzalmgai doa:nsbeﬂ stemtunarm athéhltlwezpmrtsas formet ; a

counter co an, ul trathi m

hi gh- spee é# Hl%?%gy/“%ﬁ%%cgﬁy%i“ﬁ‘dp%%)g é]he sﬁcép%au 1g§nme@f the 1ox1d<,s pldt Il g

revoIutlonabyhmuxerwmdﬁathe“huMEK}EQOQﬁhmkEthMgm@mpmokﬂéiwyﬁmwmi3 The

copper-based . |cI e 83234 ayer of tt%l' errbod Oresietm T 1{ b) can be

f or med by%ﬁ&gé{‘r Sd”rgu %fa i Xr%"a"%me RIPRYP part| HESSRESHE A Phi ng as a

conponent patiched ialWhich the @nSdet amn)ommaﬁ m@chﬁai th dy:; eb@ proxide rangict bode sietlal

conpl ex containing tran ticles containi

copper oxi OLid hé%’l gp%e{)%aﬁ é"ﬁ‘ipmgﬁe%{ﬂ ﬂgr B” L}n%l[n%& (%f c%tp Ecalig ai:twe e %lﬁ)artlc 39

di spersi ommhg | pkir dclﬁ&onﬂaoﬁﬁﬁihbﬂgachncqlglychnd pardiclsuibsing at e:pdaﬁhh ﬁbmeah@ 4 he

di spersi on atalg ic activity of particles

formed of wﬁulé%#%\] RO ‘8‘&51%‘%/‘1%&?{%0{/@6% agfcaél fifpoflent varies with the surface

area. Accgrdingly, the surface area of particles formed of a catalytically
active nmetal conponent with.r ect t articles contain er oxides
as a conmponent (X" FROURRER ‘h‘ﬁq&t%%algﬁ?g‘%%eglreeaée o If“ﬁé)gpzﬂg |agtf)rga§yforrred of
t he cat al ydtiocigh dl(yes aeﬂitmmg ﬁeata}hm@upmane ﬁ‘detall Sorproaére laﬁlbﬂaaytuﬂ)eslboﬂﬂaﬁungrcob;&[ ger,
and nore pblgf er

ni gr am, of copper
oxi des. %ﬁ]asac‘)%pone*“Tﬁél%oéF%ﬂ 1%’?‘3@1@1 §haébst ‘i“\/"é"br?ﬂ%f“ ‘Emﬁ‘b‘% O‘I"% uch

t hat Wnen FUS eM®) purtide m(@blmuﬁlfngﬂ&l’c’&xial}zh%lyasm\lenndtdieorﬁ;ﬁ(ﬁlsﬁmhd earrhelds nent, it is
preferable that the surface area aV|n ég?\g4 achwggt ?ler Thus,
the nunbefOgePagE® B‘?Heh‘éf?‘?fcﬁgipf’?‘??f %reé‘i‘ PPEL B adf USEBYMEE 1 to
1000 nlm andaifag thephely8tabbtivi ni(:jcﬁal 8 onBat, particles ofahﬁtag.d&rl]lby Baving he
particles conta| ni op i des _.as a nent,. and t articles

cont ai ni n§AYHEIcHF f@dtpf”"g‘ﬁ]%? ?ﬁ( "ﬁa“ﬁ’ﬂ?%lmtﬁf gﬁ’?éi"ﬂﬁ%“ﬁ& ek a?ﬁﬁ%%eptglaﬁélgl vity
toward thecid@goesiesistd;on of copper formate, or a transition nmetal conplex

containing transition nmetal atonms as a conponent, that are used in the
present i ght i on, may be coated with a surface treating agent for the

purpose of enhanghmemsideRek si Whibh kyers th SRBES bPRepStitk drietoylnoﬁﬁdy@s}(i dation
resistance of. a netallic tranS|t|on netal or. al]o g L ‘iﬁ’L‘ E;gmmdl nment of
(c)] contaipife GBI OXY PREIIE Phe e pEned by SERpSIiAR PREFIE WBBUYIE Y on | ayer of

t he enbodism®mptican aétiv@'fﬂe{a@aomﬂdnérﬁtwuh'ithls ayak baherusedctPiadgpashbbdigeRai ti cl es
formed of a, catalytically active exanpl es of

the technigifd *fSéPO‘leH“Hﬁgz@%?§arF1%J9§irY°‘i chpggeén 65’1‘tlfdﬁ@°aﬂ§b‘ft’éf{ji“}?&?or printing

of a part k&hfondhSPREHEPRovidedvhd sﬁ&t}&t@ualaagdweiczeaé,ﬁ)lsmtm pabd 18 faGidd\wea et al
conponent, an acidic Pd seeder_ treatnent, an_al alc}ﬁ Pd seeder treat nent,

el ect r ost AAPE" AAEGPEPPPIH! SPravidea hepral+ iNaawhile Agrordng tpiedresent

embodiment, the particle layer 17 and eth particle deposition layer 18 constitute the
copper-based particle deposition layer;
10053]

(d) an embodiment in which layers are formed by deposiling particies confaining a
catatytically active metal component on a layer formed by depositing one or more layers
containing particies formed of copper oxides, the layers being in contact with each other; that is,
an embodiment in which, as shown in F1G> 2(D3), a deposition layer 20 formed of particles

formed of a copper oxide component is provided on a substrate 19, and a particle layer 21
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[ 0065. 1 In the case of formng a |layer by applying a particle

di spersion liquid containing a conponent having catalytic activity toward

t he deconposition of copper formate, the concentration of the particles

formed of a catalytically active netal conponent in the dispersion liquid

ilg pr[) ef er ﬁhhe,a #dj cgﬁ fy@ehil QctBre Gl ?@n}ﬁﬁi%i lil%plgﬂ?}il@ihtl(ﬂ g/dl‘Dl’ Blopf @fﬁﬁﬁaeblyya 0. 05% Ats )
0 we and eve prefera oto 5% wei ght . .

t he d?spehg‘Gﬂnﬁﬁﬁﬁﬁﬁpgfngﬁéuﬁi§ﬁ§?§? %:F?Hﬁﬁﬁnl H@B%ﬂWﬁggpﬁvﬁ¢%ge particle

si ze gf th Etﬁh(tjaﬁlﬁlﬁé 4 @a'tﬁﬁm@l@%fﬁbé’hhét@l o@mfﬁélféﬂpeﬁeﬂtacﬁtﬁl\élld’ﬂgmﬂa@ltpahmtgh Goa’h@.lg bwvi t K

toward the deconposjtion of c er formate is the e val ue shown

in rel ati SH¥E: ?ﬁbatht@m 3t 2 P—‘gﬁ‘f’h@ e S W&Eﬂsgﬁfn&aﬁtg‘?pfrﬁ({dé?

dryi ng) ofs cbrh%rtﬁlﬁﬂ%ohbe@ theladfiedugh 8 rddu@fos hiakhgntagljdusdred, 4 gurtlclt ay&00 nu.

[ 0066] Subsequently, on the depositjon |ayer thus fornmed by the

parti cl es™EBff it %&l%wwr?ﬁ%%mfalﬁawcmjmcfa{l E? wﬁ%eictwﬁ%ﬂ? S e

deconposi th @fks @ eiRRPREN Ry d’@b@taon(lﬂ%r DF arfi0kEpAaoisidr L0 Borlsayies the obt ai nabl e

by applying a dispersion in which gﬁrtlcles of copper oxides are dispersed

as a coatFW@“ﬂP&@ﬁ@”&Hﬁm839WH&Wﬁhé i spersion liquid, are deposited. In
order to feopam two or nore |ayers of the relevant deposition |ayer,
application and drying of the coating ljiquid y be carried out repeatedly.
The rel evant de@b@]?Wﬁﬁmﬁéyﬁﬁﬂ?gnﬁﬁéﬁﬁ?%BP?“D%EP%%P@@“?W”TmF Y16 | ayers.

The conce Eﬁn'fa@rhh%;ﬁh r@testthigneg QPR er®%idde 0@@3’111‘0 CbiRSninda E&\ﬂyﬁi’iaﬁp @ﬂﬁﬁe efeedl i quid is
mainly limted t he VISCOSIt¥ at_which the d|s$er5| can be used
i

by a coat F¢ipossnt; ﬁh?‘h%’ P R EPEH améhwlhﬁﬁshavna} dhet&) Blf?*i“?j% ofly, aﬁﬁalﬁfﬁ*@liy
concent r ahdiRBnle®! RSt RIpYo\ddii ¥s b @thsh@e 290:h0 2 8% 10 WeptBitigiay erMar B med
preferably 10%to 60% by wei ght, and even nore referabhg 10@6to 50@6by

wei ght . THE* WPRPHEFEE srmpRaghl ik aYidedbereins pAreTdng 1o B rabrdmeehe fife2hs t he
di sper si opndRAbH010€S68Hi ROy d D4 E&ls @b dofpdrPescl batie @dpostiBR &k, [ Enbodi ment
of (d)] In order to formthe copper-based particle deposition |ayer
of the enB®dfiment of (d), first, one or nore deposition layers that are

obt ai nabl e by applhiige Qoﬁhﬁxﬂ@ﬁ@omﬂmdgqm Qsﬂealw&&mmﬁtt; bEk&ss @f, (poRper
oxi des are dispersed as a coatin and dr he dlsperS|on i quid,

as shown P Ebmmedsq wrsed t wnteﬁémﬁ%t: 8By P%yn %%%‘rm@égaf %B@Wéﬂg (@} #9®hi nat ed,
and a | aygkrhavione "e?n%aﬁ@ew&ff(ﬁql It ;a% 'emsod?;%ﬁlm %erpgaﬁﬂae brsixefu@r rred
thereon. I'n regard to the technique for form ng the | ayer having

cat al yt i caleparechipt nixénerattisles Enmpbpicrielalitipalagiite HalcempoRent é@ﬁﬁlﬁﬂeﬁémg

descri bed, ahongisBulid® il H &k (Ekore %axtt RGHBIAYE s a1y RAUEC hidGe hlE:) E&xﬁbo(lélt
portion) of the copper-based particle deposition |ayer, and thereby

conver t i ngd theshel npro seprmed of epppartoaidpt inpharperaEtde partigisy %Iaﬂ@'&ﬁ%}ﬁ&ﬁlﬂ St hat
i's, coppeaqggkﬁhmgg@gaps a metallic transition netal, can also be realized.
[0068] he techni que for reducing the top of the copper oxide
particle H@é@5|t|on | ayer, use can be made of (1) a hot wire method atom c
hydrogen treat nﬁafemfafeel\'\’m P Ogﬁﬂmga c 5@ 9AR1d RpbHidiOBHE Gk 2) @
surface wave plasma treatnent, (3) an RE 'asma treat nent, (4) a heating
treat ment of the hymd@lgew of(®)to &) wilklgt erplnedis ng a treatment | | qui d whi ch

cont ai ns single solution, both an agent which ionizes or
conplexath copper oxides, and a reduci ng agent which reduces copper ions
or a copper conﬁh@xﬁm@ﬂb@H&ér metal , but does not contain copper ions, and

( 6) an atom c h:I(gJ &98&1 ba ge%%taﬁ‘élratdqg(b{u%h'g&@m“ﬁi tll{cac\(ﬂbghl%cn@ di 11@1"1' (Q} (,aH Be

formed by preparing a dispersion liquid containing particles having a core/shell structure which
is obtainable as will be described below, applying the dispersion liquid as a coating liquid on a
substrate, and drying the dispersion liquid.

{00581

~ Particles having core/shell structure ~



The dispersion liquid in which particles of copper oxides are dispersed is
the sanme as the dispersion liquid described in the item(c). [0069]

The copper-based particle deposition |ayer of the enbodi nent of (f) can be
formed by preparing a dispersion liquid by mxing the particles containing
a catal ytical | yTRES s WRERd 2 8c/ehel ORRARE M whiEALE Lt 61 i€ tniad Bf 1g copper
oxi des as a conponent, and core/she|l particles at_ an arbitrary ratio,

appl yi ng Pﬂ@yﬂggb@?gFHﬁm FogpOpen, &4 %%ﬁﬁ?ﬂb”ﬁ@aﬁgaf%ﬁp%°§ﬁﬁ%f?%&%, and
drying t herodi@B 8t sbidpbsltizftidh @f paidesdisRRe b haRateBtdaluafve thai t@hgsamtand

di spersion liquid is the sane as the dispersion nmedi ymdescribed in the

i tem (a). CPROEFAGjde partices, byRaccpiigiiriggul PP OFKeY Qe fzﬁéﬂﬁaﬁ FAESnt ai ni ng
a cat al yt pgabiky bpslebipRatifE teipedStGthe TRANENN adivy maAtpp@ilds] U eSencianhi ng
copper oxi des as_a conponent. ( i S preferablé é:l to.1:1og,oop, mr e

pr ef er abl {PCFORP BYF: F 00 PRIBCInGFHPEVRTR RFPEeh rat Brmdoy dPredhs 9 EcF 8T 000. The
M Xi Ng r ateQofpéi FbtaDfarfidl® tPhiaGh@Sofeoipenbiddady copper oxides as a conponent
(y) and the core/shell partjcle (éé?is preferg?ly 100:1 to_15100, nor e
preferably 50: 1P#gevargwhepipe icaipr st Re kol i Fos A i GPREry thalliy vpgy

( Subst r at @pper is includdd® LBRRREEr&RACAE tiRIshdll Jarf OF piriiglePii@BgAtcoteny@Nt i ON i s
preferably Forned on a substrate, and as the nateriagl of the sugstrate,
speci fi caPfypturs $ands proshesdiby, IangrepP s BEORIGRAB Y %W{l%&PWWa*a?wb &t hyl ene
napht hal abRsmPANEHRE ineilphi, ARCsapAR] Welidpthene heeephiphal apeurficliteds dei nmi de,
pol yet her et her ket aone, poncarBonate, a liquid crystal polymer, an epoxy
resin, a preEmas foEcod8En, a cyanate ester resin, a fiber-reinforced resin,

an i norgani c panfeh@hifref ik hSdciEaRIRg 2 ROLXRIBkA BureROd A HeGeeseRhnph@ny | ene
sul fide, polygropylene, a crossllnEed pal yvinyl resin, g ceram cs and

. [ | ass,
the |ike #mayalsebpeagpd witha surfaqoduepiigiopent fqrihe ygposs eleapgnein 3@3@? R si nce

si nt eri ng daber@ok Qhtlidy Vil Yhel QWMo RIREHACH bBRE HicABRraRAGSI . or bilgr e are | ess
limtations on the substrate to be used, such that a substrate having | ow

)t
heat resi stance Toapartidesiigwng 2 oreidl sirpotere upedom B PEOsEH FVENREiPACTEARYY or
for mal dehygle gRsbb! Rat.geMrcld f2Y ik Redad, fReQr T o8 madwiehelee 9@&]&ably 1

As the treatnent gas, formc acid and/or fornaldehyde can be used.

For mal deh & 0ingn, cadhpaserraderay £ 1oni0€ nei d by bei ng oxi di zed, and exhibits
the sane bpn as that of formc acid. Simlarly, since nethanol is also
converted to Tormal dehyde and then to formc acid when oxidized, it is
specul at ed t hat Theedasiditiersaf the nagiclss hindemn aqrerplicH stryctirg iortBe digicaraen i id

is mainly limited by the viscosity at which the dispersion liquid can be used by a coating or
printing technique, and by dispersibility, and the concentration is preferably set to 5% to 80% by
weight, more preferably 10% to 60% by weight, and even more preferably 10% to 50% by
weight.

[0060]

Dispersion can be carried out using an ultrasonic dispersing machine; a medium
dispersing machine such as a bead mill; a cavitation stirrer such as a homomixer or a Silverson
stirrer; a counter collision method such as an Ultimaizer; an ultrathin film high-speed rotary
dispersing machine such as Crea SS3; a rotary and revolutionary mixer, or the like.

[0061]

[Embediment of (h}]

The copper-based particle deposition layer of the embodiment of item (b) can be
formed by preparing a dispersion liquid by mixing particles containing as a component a

metallic transition metal or alloy, or a transition metal complex containing transition metal
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It is preferable to heat liquid formc acid to a tenperature of 100C or
hi gher, which is the boiling point of formc acid, or to convert liquid
formc acid to a gaseous form by reducing pressure, and then to lead the
gas to a substance to be treated. Furthernore, when liquid formc acid
adheres t @mﬁﬁaewﬁﬂ;ﬂ@ﬁo@d@‘é@]til@iﬁ@%ﬁ)&&ﬁﬁ{ﬁdas atd’@&lpbl&ﬂp@r@taumecuQfathhep}ﬂjdb@t ance to
be treated falls to 100C, \/\/mchlstheb ’Q%BP tP forlmc aci d
conduct or EAEPEROBHEE] pot copfitsdisy ongriy SgiaLﬁoarl élb%béorn 5 %es di ssol ves
out into capper formate so that |oss of a copper(l or II)
el ement - contal ni ng i nk or i.itatjon of copper to .areas. outside the

o rrg o

applied site. THET@OLEacH desdpae el i FAGIHRYE gl PSP aci d

with the substanee sifaderdr eatRetingd Hhé3rface area ofpa%es(fmmwlﬁlts ot her than
form c acid and/or formal dehyde are not particularly limted, %s | ong as

they do n&tt2lyesty ashive Hle%?‘%’i‘?l’é’“%?é?”éh KARECLT PRSI PO eSO PRA P 4R 2 s

conponent Qmﬂﬁdﬁexﬁ't(ﬁ() isRedhuEe tH@a6r (%00 A0 DEME §ar0&llﬂ>€fb1 nﬁdﬂ&lﬂ thfe(ﬂﬁtﬁlyﬁcﬁ@l adtn&n d/ or

f ormal dehyde gas. \Wen oxygen is, cont ai ned, t[ae%i a risk

expl 0si on THEFPTRROPEH rdoRE O b CHE I Hegably %%fr%ﬁ‘mg&m} hat the
ratio of @xygeRigd chpenb:Gdaci d gas and/ or for rral dehyde be out of the range
of explosmn In the case of formc acid, the ratio when mxed with air is
equal to 619Pkss than 18 vol % or equal to or greater than 51 vol% In the
case of formal dehygelytichg dcabd Bethiempieseid swhiit ahén dssd Bqhforf@f or | ess
than 7 vol % or equal to or greater tﬁan 7? vol % 00744 Tr eat nent

condi ti onparticles as in thppges¢rt i Bt B Prefeeble haidhew vipg SRR IG i d

and/ or f Oﬁmt?ﬁglﬁ%r geﬁlué %&ﬁhb&l@%@é@&ﬁﬂﬁbﬂh@é sizoB beferitdy adibsagaen ag ur e at
whi ch copper et al precipitated out as a result of the treatnment with
form c acil@O%iHe/a8f @&%Fra@ﬁﬁd‘e“ﬁ)a‘g“ and is preferably 140C or higher from

the viewpoi nt of, {RaGh| 3 RER@LontdidRg URRRF orlidddiat 2 efmponentt4ne aidPRaRicles
tenperature is defined by the heat resistant tenperature of the substrate.

The t r eat Reftinipe agwutatli tasihen mpahor plan ey g ol SV DRRY 4V of t he

at nospher ige. R8s & coPRAfkhAR or & th@HIE Skt LEBSIB ConGRNISH frdrSilioR Rdiad
pressuri zed condl tion may be used. [0075] (Post-treatnent 131 fofr mc acid
A

and/ or f oRIPEI dehyUEPogaY, Pt @k yfethin)the present invepiions BiayPecoft ViR been

used in R L aALINRRAthe! p%m%bé?@fe%%ﬂgd@ﬁbrmﬁtysm 1;;69@@&1 sehitpRpCHxRbal . the
fbrmc acid causes corrosion of copper netal herefore, a step of renoving

formc aciuisehecal amprialicoFansisonaridl AmdPdr f or mal dehyde gas treat ment may be
provi ded. he nmet hod for renoving formc acid and/or fornal dehyde,
heat i ng urL er an oxygen-free gas stream heating under reduced pressure, or
washi ng with watlapbadamenbel @ded. [0076] As the heating under an

oxygen-free 9a51é§lﬁéqmorm%doe&r%§eb ﬁtxél@@ﬁéo\ém% 138 &xmmnalﬁ&et &agmwhi ch
does not contain formc acid and orrra g‘asmt e formc acid

and/ or f ofaelistehlde nyedycedyalenesitingtrarikles BJFmPfe‘aftﬁ Gl s&hvoRsden- f r ee gas
oven or a Qﬁﬁ}neﬁt y{oﬁ e DEEL B 13%3’19@&%&1%% t8a8mehd ﬁ%rﬂtﬁﬁﬂmﬂ@c 56 the

heating un uce pressure, when the formc acid and/or forma dehyde
gas treat spating & pabnee auttidadinersadliged cpriaisingtee wimbcalfestivhyctinder

reduced pr LSRSHLS W I ShLRR&M n%&emhyamkaﬁ %meé[acﬁ&éaqnap n AR odi Ak TRl Agfay de

gas, or are UCEd pressure oven can be used
of metal pamcles and the like.

[0065]

In the case of forming a layer by applying a particle dispersion liquid containing a
component having catalytic activity toward the decomposition of copper formate, the
concentration of the particies formed of a catalytically active metal component in the dispersion
liquid is preferably adjusted to 0.01% to 50% by weight, more preferably 0.05% to 10% by

weight, and even more preferably 0.5% to 5% by weight.
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<Patterned copper netal pattern> The patterned copper netal pattern
of the present invention is characterized in that a copper-based particle
deposition | ayer containing both copper oxides and a netallic transition
nmetal or alloy, or a transition nmetal conplex containing a netal elenent,

is patterned by apfienfishBGion 3ReuLIEICARPSE B A, tl&&ﬁxh@éﬁhvtﬁgﬂbﬁﬁtl@&da@ﬁ’
treating the patterned | ayer with a treatnent rrethgnfi of bri n

pat t er ned Ul R IEBHT SERPORFY Ha"g‘és‘étﬁ‘tfélc PR & € 3‘??8?‘8? tf“EPr‘l’tfaI dehyde

heat ed t 0 c42QGoAhatBisFNhme as the value shB@b inl 8latide t%ﬁkiﬁbﬁe@uﬁmmf e, MRt al
pattern of the present invention is obtained b t he

f or mat i on lFr iy 1‘%‘&)@5@@%&@éﬂtllﬁéFHOF‘BP‘elaéi‘”ébb%‘Ffte?/aBH ald%l‘ylé “’e‘x‘ﬁlsgpﬂg‘d in
connecti omoast h the copper metal filmof the present invention, a |ayer
whi ch servesawrlngt&attern by printing on bstr eacoatlngllqwd

for copper - based"{s&fen @”@éﬁ@?ﬁ‘f‘?’bﬁyqré%rforffﬁghﬁt 68?\‘“ RS TREH8% fn of t he

Wi ring pak&ﬁ%dh@nt@ﬁ@nﬁ Ez@ﬁ%crhgtuh@%\)ﬁérﬂ tH&Qle&ﬁﬁontéh d)!*:‘doﬂgar fopiiee CoGlr ehog@s and
heat to netallize wiring pattern, pri nting nethod used

[
in the pattRsWPREYSF ottwea%latp@tab’egsaéfeﬁpﬁrawﬂ.Hbt'}éw*a%%“g?bt‘tf BYPPELEASSREY be any

t echni que 4@fer®ANE L chGink hen@ ORREYinPAS ApHALE iG® aBeREGitEd. O baet fatm an
arbitrary site, and exanples of such a technique tcﬂft cap, be used i nclude

i nkj et prit¥e PrngOleéatXE‘éPfihﬁkﬁ FENtHERGEIOR Gy CTs BRAEENIOP ARHTTY OﬂthF SRLE AW nt i ng,
of fset pr iyt iyRgaRbHod: &peREdNt MY IR AL SositRAN tHySINE PefablBlaintlatediis penser, a
needl e di spénser, a conmma coater, a slit water, a die eoater, a gravure
coater, rédyfef printing, intaglio printing, gravure printing, soft

i t hogr aphy, _di F?‘h@&ﬁcédnramwf@tw peoRal pdr6di& i eRASHEhioN 1148 Ragainig Spray
coater, a spin coater, dip coayt} and el ectrodegom tion Anpng them any

one sel ectigved PbWPtVﬁéOSQY é‘d’ﬂ“%h%@@ﬁ SiE S GAR PR ESER PY AFPANHS O%Qfﬁ%’tﬂgl nkj et

printing, tmﬁﬁa@eeahd%ﬂ dMpkRBititd, LANSE 88ncBltfalbit iésbmf&&tif@s‘djusﬂtdltasvm 387y et
printing nethods, enser, a needl e di spense coater, a slit

Do or o g, e meeraBind Ok GE I GG o o1es Y e TER, 1076 F0Y. bY

After for Wc t.t r’leﬁe gQE&?ﬁBn hased op@téﬁilsgérﬁoﬁﬁcﬂf?@sttﬁ&@mk AYVBE didgdr§iBf Mhe@fm
descri bed ove, pattern is trea in the sane manner as in the

product i oﬁe&@eb%ﬂr@ﬂioﬂﬁethﬁﬁ@ééﬁit i nventi on described above. That is, the
pattern irstl(ﬁij- r{ ed as necessary, and then the copper-based particle
depositio Ler pattern thus forned is subjected to a treatnment with
formi c acid gas [lankpdinecat oldd)ldescr i bed above. Then, simlarly to the nethod

for producing A1LGARSE dag;gttﬁéc Ff)ér zgﬁﬂctaegp@mmye&gm%w@mm bffiay he

copper - based partic osit iIs precipifated out to forma
cont i nuoudirstayrepr whreclopion fyerathat ﬂ@pbﬂﬁepbtebeapwlﬁﬂsedlél@ﬁﬁf@r igyistigvhicd al so

preci pit a(%»gt%clgygf c%%{&]@ o%gtgsvﬁ?@&sl% E@d Red édaﬁﬁ@%qu@d" ahcndr%tﬂg tﬂ%get%ﬁthamgfast he

| ayer, opper tern dense copper ‘i s obtai ned
Ther ef or e shawrciomduetton \Whrthfnlgﬁm &) dopiked ahexcatre bumipateds anealeyE Sidga i on pat h

and a bon%ﬁ%% %& Blnd 8 ntmttsﬁrrg nGORPChn ttgtrato PetdBh b tonﬁmgresent

i nventi on have e Ient su strat e adhesi veness and can be forned
printing whetliyer ba/vn\g}fl wiRlyticgli astiverietyl compoiroliin ﬁﬁﬁt@gﬁm@}ctqﬁeﬂlmtqﬂ@? Her e,

the_bond ngo IRk BLiL 5. AYTRLELE ALY S0, ISENARLOR LY AFNERES: i

met al -t o- §uch as an e or [ 0080] " <Liquid
conposi ti dqmaltton layer, and thereby converting the compom,nt toa catalytmlly active metal

component, that is, copper metal that is a metallic transition metal, can also be realized,
[0068]

As the technique for reducing the top of the copper oxide particle deposition layer, use
can be made of (1) a hot wire method atomic hydrogen treatment to which hydrogen or
ammonia gas 1s infroduced, (2) a surface wave piasma treatment, (3) an R¥ plasma {reatment,

(4) a heating treatment in hydrogen, (5) a freatment using a treatment liquid which contains, in a
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The liquid conposition of the present invention contains copper oxides, a
nmetallic transition netal or alloy, or a transition netal conplex
containing a netal elenment, and a sol vent having a vapor pressure at 25C of
| ess than 1.34x103 Pa, and is characterized in that dispersion is achieved
to have an,avenaas, sHuspes, @ﬁt@ﬂil(@xﬂ&hk& bEcsthd&aRl cHPQ diiids, Qhd & REGCiIANEL At

maxi mum di sper si on art|é1e size of 2 tmor less, and the content of the
copper oxiv4is rqdyces C@Ryee@nmﬁtcepmycwmleﬁe CPRPERIFYle DYt SO0t PARAIZCEYSVol ume of
the total | AMmudis) f abhe 1&%@@{'{1 QWSS ouk MBI ABbR] kb Gaddnansi tion metal or
alloy, or the transition ne onpl ex containing a netal elenment, and the
sol vent . T heﬂﬁevqsioam@wldepwbp% PHFigEs B EORMEOMIE S HSPPTGAER thesAME &8

sui tabl e BQQEBQQOQQQLg@gmmhgg{gegég@gln the formation of the copper-based
particle deposition filmfornmed at the tinme of the production of the copper
met al patﬂEWﬁ]of t he present i nvention described above. Therefore, for the
copper oxides aif, 5-09561 %E&eﬁ'phﬂh@icfdél%@%bﬁ! ?& dﬂ{%@bbgﬁmﬁﬁtlc@ﬁ) cd bd fAnddnAnsi tion
metal conpl ex containing a netal element in the i d conposition of the
present i RFEHIESMISPEED g%pd hnaviiemhe partities coBigipar arfsetaaﬂtw%”i VIR MRS Br esent

i nvention c@ﬁpﬂ%ﬁ%a‘rtﬁ% c@ﬁ&l}{ﬁ ¢ i doeChlides 8PPLdnSBnert, 008 ddre/s{eHPaMRIs ht an As
the solvent, a sol vent aV|ng a vapor pressure at 25C of less than 1.34
x103 Pa, amdraprafierapyipe fesispemian liqudgsodamasliaudson swhsirate, and dryipg el es of
such a solentind ﬂfhl &’dQ”hE Bfgﬁ&sl&hﬁé\ﬂm@ SF QWi AL didpersioB ¥R i@ fie bantd MR

al i phati c hydrocarbon-based sol vents such as nonane, decane, dodecane, and
t et r adecadeperspomediie dpypribwidatisditodalsed sol vents such as et hyl benzene,

ani sol e, biylene napht hal ene, cycl ohexyl benzene, diethyl benzene,

phenyl acetonitril e, phenylcycl ohexane, benzonitrile, and nesitylene;

est er - based sol Fenmiumrehe @) pbbboaryitlerontinig a sl ety BratE 2 et hyl

pr opi onat % (ﬁl@#t(%)ra%h ggzrrtlgl@@congi r 19g0(!()ﬁ1§é1’ loi{deseas aecpﬂ%(pnch?@f ﬁﬁ)?@ferﬁmfj 18khyl

| act at e; ased solvents suc but ano ohexano
a- terplnedHOOQWHH@hMUékWhWIwepdﬂéﬂﬁﬂéedd@GP@@MU@G@WE 1aK) e d0RBx aFlsne,

2-hexanon %IXIﬁ%P%Qg)Ia%h 1 e e ,ﬁ’aﬁf%g @ﬂfﬁﬂﬁﬁ %Ugébr%%?é%o&pgﬁ&i (y‘?ﬁ‘ﬁh the

1,5,5-trinet one; col - based sol vents such as

di et hyl eneorgishadiaartisias y4) isstrbferablydped wyl i n@n weﬂeraalyeﬁpﬂyp 1dPhed ever B#¢1 ene
gl ycol ggﬁg%ﬁgb o-Bter, propylene glycol nonoethyl ether, propylene glycol
nmonopr opyl ‘propyl ene gl ycol nonobutyl ether, propylene gl ycol
nDnonethylﬂ%mher acetate, diethylene glycol ethyl ether acetate, diethylene
gl ycol propyl ?ﬁg etate, di et hyl ene gl ycol isopropyl ether acetate,

di et hyl ene gl yc et her acetate, diethylene glycol t-butyl ether

acet at e, tr|ethﬁbenmpgﬁyc@kwmﬁhmyfmepMemtm&eﬁ@nernﬁh@@VﬁVHeﬁeﬂgEVE@NCethyI
et her ace I | ycol
sopr opyl "0t Rt HELSE BRGAE Lo ARY i, Wi BB ol i 0SRad
tr|ethylemeWghw@mhmpmbMMyHmEmﬁewm@bema@eﬁhﬂﬂpﬁepvﬂ@W@aQD@@®KEWW®®thyI

et her, and ) e 9l % ohut ¥ t d vants;such as
dihexyl e?ﬁg'ﬂm %rﬁgmﬁ h (Bﬂm Qd’ gﬁtfﬁa?ﬁhﬁnﬁ Bﬁ%oQ@&S 'igkytolﬁgie and
benzyl ethwymmmWQMJeeamUﬁma&mﬁbaeedmecmvmmgmusudhkd@kpn@pyP@m@eﬁmrbonate,

and et hyl en r m de,
NN i ot Ry AR e R oS e T B B B8,y e TR AR T

such as nah@n@mkeﬁmyecwémpng then1 ry-butyrol act one, N-nethylpynolldone
gley ﬁgled S g : T_]Iglt )e/ egg\ﬁf?i %lle f es Lgﬁgl\p(gl Ea)'ltl esmg‘é ‘gllt@lrllgg El( rélrl cgglve-ggg\gg]nﬁjgl aY\EQ RS can
Furthernpnmmebmhmhe&kuquﬂdmGmnposmum@nvmquMEOpceeenmdlWMehmb%mwTheng
conponent§ ée[dls ersed suci lqggmihe average dispersion particle size is
500 nm or ‘7 BEE TERE A" K ‘fﬁﬁh]&lsper3|on particle size is 2 p.mor |ess.
I f the avdeowge dlspersion particle size is greater than 500 inn, the
printing propertjes.or.th for resjstance manifestation arc not
sufficient. For ¢ % E}Haﬁe%”Tﬁgdwxaﬁ?d“%%ﬁ% sition is discharged by an.

i nkj et printing[n@hhnduhmﬂmggﬂm@dﬂﬁdéQﬁ,|nkjet head nozzle or the |ike
occurs, and printing cannot be stably achieved, Furthernore, when the
liquid conposition is used in an offset printing nethod or the |ike,
blurring occurs in the print products. In order to further inprove the
printing properties or the stability of;gesistance nmanifestation, the
average dispersion particle size of the particles is preferably 300 nm or
less. It is preferable that this average di spersion particle size be
smal l er, but usually, the lower limt is about 5 nm Furthernore, fromthe
same vi ewpoi nt, the maxi mum di spersion particle size of the particles is
preferably 2 p.mor less, and nore preferably 1 p.mor |ess. Her e,

t he average di spersion particle size and the maxi mum di spersion particle



[ 0085] In the liquid conposition of the present invention, the
netal, the alloy containing the netal, or the conplex containing the netal
elenent is in a particulate form and the particles are dispersed such that
the maxinum di spersion particle size is 2 pmor less. The |iquid dispersion

preferably contaipg utemﬁ'ld?taé’ag 'f&ln@@dcma/ot ﬂ@iﬁdl&l@%d@éﬁﬁﬁ)@ﬁ@darﬁcﬂ1rﬁfdcﬁjhﬁ is
partlcles is 0.4 in2 or nore, nore prefera nore, per gram of

the wei ghtowriedie fsmiqac edewsnrdizad. apd %&ﬁe?hbé%w@gon ﬁﬂlﬁtw&f%l#em% he

upper | i migky, et fiRe h{%{h@l\{fﬁl&tals\é%b%—tecﬁtoQQ%ald@decmﬁﬂﬂeﬁ Beot@n@8d Ohed he surface
area is satisfied, both the deconposition of cop Ber for mate and t he

di f f usi on osKlized P IPeswrteie mednalfcat tion e wedviptabdo forpalgsy The

liquid conposi t mpprgifmfoia% Pcfaﬁﬁcg.\m fobdB¥ GRE k@M chnerR Rl 21 G Yor ggﬁ@ tWhah st he
dynam c viscosity at 25C 1is |'aws or less, and nore preferably 50 nPa.s

or less. Vidnilishgowi @d@‘mwt yecid anigeoivert digeid $frimescpcidsa pigateast fomy by mdpdee
sui tabili Eyeséu?ch%?& z'irﬂg%ad %?ng%la s@bstalnpue 0 bgwaﬂé‘a c F‘ﬁhﬁ&i@ﬁﬂet \Vhé?%l;c%ﬁp is, in

ot her wor ear VI SC at a shear rate of ai a neasur enment
t enper at ufemof acza@herEsXAWLsE@te[n@@'@b}a treated, the terpgeradirp af fﬁl@ﬁUbSttﬂﬁé’ pPefeated

:op\éggm olnmqén% }d(?ﬁc’l S no lh%% g&ﬁ Orf'hg%gﬁ %%ﬁ"ll t uc’?%lt eseeg? d]g&]% 0{[Exarrpl e

1] (Pr eparaepbttmm of)cfopp@rmpees dmkﬂvésl dug| Uitk opperparsiateiso ) loss of a coppeleoPper i nk
\;Vgsnrr)nr epca{eﬁmﬁét Cé)\i,\Feg‘l{: uﬂ%{r d)rcjc%étla]t dmzf) copg:%nt()%ﬁa% oﬁssge t%lé %Tp%e@‘g%t E%ﬁ%{:@l g.l |S|yze
oxi di zed sws prafeeab(eBlitogqe dydid @mmmafcaio;etlaheab&am/icgbetMaBﬁQel Engi neeri ng,
Inc.) (Cui)qo@:[]ti cles:Cu particles -- 90:10) in a Polybottle, adding

y- but yr ol ¢ e (Wako Pure Chemical Industries, Ltd.) so that the solids
content woul d b&adtbnipasaiy othidr glab frmsd @piindgr fdmaalbdmid: 8¢ nstuiastdmuelmt ly m Xing

the content .b haki ng, and t t he. u trasonl c
horogeni z&f E%@’S]g’ﬁﬁ)as tﬁ?ﬁgflﬁﬁc &h@g Bjoaﬁlé}g fokmwgﬁlyde E{l h)e B3t 19.6 kHz
and 600W fconpdmenits Rl 8&.inchidages @u@omtqtdtm €sn Gumixarctd anb/ies fomm&idellde gctshe
surface area of the Cu particles with.respect tg 1 )

h e o Rt et Be et Byt LSRRy s e h sl B el

anal yzer NER30E profdrablbhatmhsral8ondRged, antl Iﬁerrmnrcf(bgae amdzétn§mm’aldehydelby oawf 0 mat ed
surface tensi ometer  CBVP- manuf ctur tt) K%/ \/\? nte cael“Sc ence

Ltd.) was DFGamERORFPAENay ErthHESHe 5@?’%?%‘?’1 %eaf FYq & é”%lf“i RE &I (i?erl ng
type part ue@& &aﬁl&ﬁ)l%lcﬁ%dillabwtdx @ﬁatanahlyzmql%LSmﬁhaaﬁe afbfotieadshyde chebatio

\Lz:g(s:kgag?)g(\)w fla Iis equal to or ICbb tllanr]] vo&% %1 Qcﬁ‘féf ig%mgl%étgxptﬁz{ns’h voi"Par ticle size
{ 0074

[Treatment condition]

The temperature of the treatment using formic acid and/or formaldehyde gas is set to
120°C or higher, which is a temperature at which copper metal is precipitated out as a result of
the treatment with formic acid and/or formaldehyde gas, and is preferably 140°C or higher from
the viewpoint of reaction speed.  The upper limit of the treatment temperature is defined by the
heat resistant temnperature of the substrate,

The treatment pressure is not particularly limited, and any of the atmospheric pressure
condition, a reduced pressure condition and a pressurized condition may be used.

[0075]
(Post-treatment of formic acid and/or formaldehyde gas treatment)
If formic acid that has been used in the treatment remains behind on the surface of

copper metal, the formic acid causes corrosion of copper metal.  Therefore, a step of removing
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(Production of copper ink-applied sanple) The copper foil of a
copper foil-attached epoxy substrate (E-679111, manufactured by Hi tach
Chem cal Co., Ltd.) was etched with an aqueous sol ution of anmoni um

per oxodi sul fate (manufactured by .h.nsei Chemical Co., Ltd.), and the
substrat egas Mashed uy\fo;lhlc\ﬁlag gﬂd/@}qgmglfdeﬁﬂie 22 8caGRRP SRy bowaisd dropped on
the copper foil surface of the substrate, and the copper ink was applied
usi ng a barEépd fppimiayinedernyiorm andde formpldeliyiadieting 4ndy A BSBERDES 835Sei ki | OK. )
with the g?cgmaﬁjdaﬂﬁ Gt (Rt 00 e THEF818 €lih whitEcadWRadat e was placed on a
hot plate heated to 100C andomas dried for 15 mnutes. Thus, a copper

i nk- appI|BH7@anple havi ng a copper-based particle dep05|t|on | ayer forned
was obt ai ned. [QQ%Q]he&E?ﬁﬁHLFaM JerIf& dat @t?eraﬁeﬁ@a)mg with a suppRfdiag acid was

pl aced in a gas wash nltrogen bubbl Eﬁ%yas carried out, the
bottl e wasisenfieeizdsrvhigh dogs nopemmprimformis@ed arrqﬂi@rsforr% hysisient @ halragegidas a
form c achghgas RN 1reaBfd SANE: NBEnSRIERT09Red & AObIQBrafheat Separabl e
fl ask hav?ng a Pﬁ S%o%t&ﬁ? mh}c hgd bg%n ea?gg in 5% oi | 6 ﬁ and t hen
t he sanpl eowmnmae@wg@wﬁleh@@@@@ns@ﬁ@e uwdchﬁéﬂ*@lhﬁ%mﬂﬁ’éqlerﬁ%??%%‘ﬁﬁe was
mount ed ogy, V\%]rhtﬁ o R ACR Qlvot Ilafrﬁ ﬁ’éﬁm ngas tr@zﬂﬁteﬁth@caﬁ?éﬂ%h@hﬂa@éﬁﬂ@é@ﬁr’é{sﬁwms

measur ed. e nitrogen was low into the separable flask in
whi ch t hi éﬁnhetmdm unéega@ma@emewhéﬂth ratasnedmyﬂsh@ef@r@ac 1od and/ s ifermsidehydst  200C
to make t e constant (166C), and then a nitrogen
gas cont a?nl ng t e@lﬁgrgnm% g%h%nggg&gener ated by the formc acid gas
gener at or {48d%] al | owed to pass through this separable flask to treat the
copper - based paf:f’%{é}n%dg stxhétél;ﬁgtt%@yer for 20 mnutes. At that tine, it was
recogni zed that the ent ety 0 e bl ack-col ored sanpl e changed to copper
col or in 3 m nufbspafined capher niate! paithue of thprefent ivyanfien yehafag@izred fyther t he

t r eat ment i trogen
was ol | onsd s B L P et sml . AT er
t he sanpl ectwher diullomwghttramsciloﬁ@x@tztbpomldwecrontaurh@ saepl depges 1&1@%@‘@%@:&’ PHINIOG] r. | N
this mann f [ S

cval uati oy EcBRRR TG i bl B e e e

gl ass subsf ivratgelgshmttéme@lpyfparm caitapeyithveaseous Heokeabidandipr Sumpldeligipect i on. As
aresult, the frg&#e g{g&ace had dull copper color, and the back surface had
copper co i %tl 14 e gl oss. For the cross-section shape of
the sanple fil nmThaid, mkemaﬂmrmdmgﬁ:saﬂtatmmm-cﬁ"&mt;jr@mt\im&utsjuamlaeﬁn%@ inan FIB

processi ng apparatus, (131 uf by . H tach and was

obser ved g@f"@%ﬂ/ﬂ‘(”%élﬁe fo %IOP Bg%’ bgﬁ?@%ﬁ%&é‘ ge deg%llsmon 123% éxgéaléﬁegﬁ%)vm in FIG 3

as dr awi ngesidtesdhiviitkitee @hpdrographs ofthé\pﬂékcﬁt in3¢ntiRefadnenedichiuareesad wirid, 34 and

36 represent an Fl B— rocesse .ecliv er rmc acid

gas-treat é’@tt%% ?‘l’ﬂlm 8yért 5%1%8E8% 18%% Oﬁﬁépf”r éaéeﬂ%é%cgce%c 0““% Olayel

The film thieKaegshabrii baths il @atdt, MhivBating de iy Iﬁmte:mLa111§E¢M1nl¢mlgbgaGf t he

cr oss-secti(ﬁg descri Eed above. The volune resistivity was determn ned by

measuri ng *PMhest Qe % WHLS BSice usi ng a four-probe node |ow resistivity

nmet er (Lor[(ﬁsfeﬁ GP, manufactured by M tsubishi Chem cal Corp.), and

mul tiplying the,

resistivity was?
layer may be any technique of adhering the copper-based particle deposition layer af an arbitrary

I ur L@%}ie) -P!Et,te ‘(Ssaléét rlls(i: ?]t} pXttcmmg 011 ll(%(;[pgé,acbasced pdfi]oﬁ, (gzposstmnvo' une

site, and examples of such a technique that can be used include inkjet printing, super ket
printing, screen printing, transfer printing, offsct printing and jet printing methods, a dispenser,
a jet dispenser, a needle dispenser, a comma coater, a slit coater, a die coater, a gravure coater,
relief printing, intaglio printing, gravure printing, soft lithography, dip-pen lithography, a
particle denosition method, a spray coater, a spin coater, a dip coater, and electrodeposition.

Among them, any one selected from the group consisting of inkjet printing, super inkjet printing,
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[ Conpar ati ve Exanple 1] (Preparation of copper ink) A copper ink
was prepared by wei ghing 40 g of CuO nanoparticles (average particle size
70 nm nmanufactured by C.I. Kasei Co., Ltd.) in a Polybottle, adding 60 g
of y-butyrol actone (manufactured by Wako Pure Chemi cal Industries, Ltd.) to
40 mass% QB M Bt 0R0 GRispB s hakidng, and
t hen trea?‘%%teg%glltt)ﬁli’mﬁggﬁ Elgmh?’h fgntpuh }&aso)ri(télg n(;rgﬁ)éenl zer US-LG
manuf act udembnbﬁ} aNiopporeoSei kilitGoater, 4 dielcdpteatand @ LB VRIFIE 0% ¢ 1BEFE VY -f or 5
m nut es. hgq 3] (Production of copper ink-applied sanple) The
copper fo a copper foil-attached epoxy substrate (E-679F, manufactured
by Hi tachi Cheniéelfo@rng the tebppr-was! rartichettpasition last pRIGRGH §es6 8Pt adEYE: of
amoni um per §t¥é!‘1fl ?.t“% Qﬁfﬁﬂﬁé Qlﬁnte%aﬁﬁl:r 8@’ i ‘1&@}%@&%@}?&&9@& of &8s pres'eﬁtdm)/enu@ﬁ‘d t he
substrate S él W th water and drie The cogper i nk was dropped on
t he coppedesbmdd abwef ahat 5 thpmettes:utadtwchase:ecoaw el ppEPPFHasthiRt ol i ed
using a baker 1t191FB&&; L9k ot t'opmé ?sﬁ) e y§$a%ﬁcr¥tQutgqglrﬁ’(mc:d-réﬁraﬁ@fléaeﬁs the
substrate on a hot ate eat ed t and was dried for 20
nm nut es. artsusbedabmpp@hem mmlapptbnk@dn@anﬁﬁbrepmxrxgmcapmweta{ Poodgscritadt wire
met hod at s Th6n 9BREhrelipkade dRtERrsanpl e was
nount ed |%b°§%’h%¥lgc %%Pm tﬁee %Bﬁ%égcdgamdterdgaot rrerrlttgr QF&P‘ (. manuf 1ralctured by
Uni ver sal c@y&tm@y@ﬁ)f coam:dmttfhe §aﬂ4pﬁ|rle01\iva‘8mt€|€eratﬁe@€‘ﬁbﬁai‘OPIﬁ?‘ﬁUl‘tte%O“at a
hydrogen f| o _e..of ! | Qf&QE?er ang,g hot wire
i nput pom@‘rmotg{‘%%lbwp Egle;?/(gﬁ%qurlgﬁg% .Z‘?gﬁ‘@‘é ag?lt er hemtrgat rrrent \3\1/as 2. 7x |
01' am  copperis oBtemmed.he cross-section shape of the sanple film a trench
processed Crosszaect| o EQ&%&! NY.ARRakLat us
CFB. 2000, manuf 32 ‘tﬁ’teeg‘:%y t"g‘%%e At 5“ B o DR X300,
Phi | i ps). bffmmag,smmsmr albge thmg;eaer sletshmtnmlqﬁ thEIpGS@m inysntEpnde seensglestibst i t ut e
phot ogr ap Ref er : ane: LeRLgsent an
FI B- proceg‘ébégg{ﬁaél Sy nletlsean aﬂner(\f rtmlfn t%g?{%thl G’Sfe‘l‘ﬁ‘e gls?ynt ered CuO ink
| ayer, a Idaytegmgmhemesttahe pﬁrﬁ, ﬂmlbendstr(alpaeml isGuiptetiiad kv hrch meechasicalip adhgres epox y
substrat e, ect Fr.om th on of the cross-section, the
| ayer wher&§% g‘aﬁtngtfi é‘la%e sedeiéy °d a&egg g{']!:i e of CuO particles in the ink
was no | ongsn] seen, was about 2 r.tmfromthe surface. The | ayer deeper
t han that had thﬁ ad1 ‘Eélgl ogy as that of the cross-section of the CuO
particle deposi fTBR4RYEI* 58 ore the treatnent. [0095] [Exanple 2]

The liquid composition of the present invention contains copper oxides, a metallic

{ransition metal or alloy, or a transition metal complex containing a metal element, and a solvent
having a vapor pressure at 25°C of less than 1.34x10° Pa, and is characterized in that dispersion
is achieved to have an average dispersion particle size of 500 nm or less and a maximum
dispersion particle size of 2 pm or less, and the content of the copper oxides is 1 to 80 parts by
volume relative to 100 parts by volume of the total amount of the copper oxides, the metallic
transition metal or alloy, or the transition metal complex containing a metal element, and the
solvent.

The Hquid composition of the present invention is suitable for the coating liquid used
in the formation of the copper-based particle deposition film formed at the time of the
production of the copper metal pattern of the present invention deseribed above. Therefore, for
the copper oxides and the metallic transition meta} or alloy, or the transition metal complex
containing a metal element in the liquid composition of the present invention, the explanation
on the copper meta! film of the present invention as described above directly apphes.

[0081]
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The processes were carried out in the sanme manner as in Exanple 1, except
that the oil bath tenperature was set to 174C, and the treatnent was
carried out at a sanple treatnment tenperature of 152C. The eval uation
results are shown in Table 1. [0096] [Exanple 3] The processes were
carried out in Khg.g3ame manner as in Exanple 1, except that the oil bath
tenperature was set to 157C, and the treatnent was carried out at a sanple
treat ment tenpehathosdvaf, 23400! it evabuaesen 188Gt lsssdha IshbdA Fmarabl e | .
[ 0097] [% arativ 1§, 2] : The processes were carried out in

t he sane r@%haé;g/l%%%?a?@gg%aes’ }ifjseéchept that the oil bath tenperature was
set to 140C, angkahipésbf @ah resitennasindathpiesbovoutelat dhslampkent ceatindnt

e o 0 TR} S | 20, AR ek 0008
aromatic hydrocarbon-based solvents such as ethylbenzene, anisole, mesitylene, naphthalene,
cyclohexylbenzene, diethylbenzene, phenylacetonitrile, phenylcyclohexane, benzonitrile, and
mesitylene; ester-based solvents such as isobutyl acetate, methyl propionate, ethyl propionate,
y-butyrolactone, glycol sulfite, ethyl lactate, and ethy] lactate; alcohol-based solvents such as
1-butanol, cyclohexanol, a-terpineol, and glycerin; ketone-based solvents such as
cyclohexanone, 2-hexanone, 2-heptanone, 2-octanone, 1,3-dioxolan-2-one, and
1,5,5-trimethyleyclohexen-3-one; alkylene glycol-based solvents such as diethylene glycol ethyl
ether, diethylene glycol diethy! ether, propylene glycol monomethyl ether, propylene glycol
monoethyl ether, propylene glycol monopropyl ether, propylene glycol monobutyl ether,
propylene glycol monomethyl ether acetate, diethylene glycol ethyl ether acetate, diethylene
glycol propyl ether acetate, diethylene glycol isopropyl ether acetate, dicthylene glycol butyl
ether acetate, diethylene glycol t-butyl ether acetate, triethylene glycol methyl ether acetate,
triethylene glycol ethyl ether acetate, triethylene glycol propyl ether acetate, triethylene glycol
isopropyl ether acetate, triethylene glycol butyl ether acetate, triethylene glycol t-butyl ether
acetate, dipropylene glycol dimethyl ether, and dipropylene glycol monobutyl ether; ether-based
solvents such as dihexyl ether, butyl phenyl ether, pentyl phenyl ether, methoxytoluene, and
benzyl ethyl ether; carbonate-based solvents such as propylene carbonate, and ethylene
carbonate; amide-based solvents such as N,N-dimethylformamide, N,N-dimethylacetamide, and
N-methylpyrrofidone; and nitrile-based solvents such as malononitrife.  Among them,
y-butyrolactone, N-methylpyrrolidone, glycol sulfite, and propylene carbonate are preferred.
These solvents can be used singly or in combination of two or more kinds.

[0082]

Furthermore, in the lquid composition of the present invention, the components are
dispersed such that the average dispersion particle size is 500 nm or less, and the maximum
dispersion particle size is 2 pum or less. I the average dispersion particle size is greater than
500 nim, the printing properties oy the stability for resistance manifestation are not sufficient,
For example, when the liquid composition is discharged by an inkjef printing method, clogging
of the inkjet head nozzle or the like occurs, and priniing cannot be stably achieved.

Furthermore, when the Jiquid composition is used in an offset printing method or the like,
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(m) Vol une resistivity (D?m Surface col or of sanple aftertreatnent
Exanpl el Exanple 2 Exanple 3 Conparative Exanple 2 166 152 140 110

blurring occurs in the print products.  In order to further improve the printing properties or the
stability of resistance manifestation, the average dispersion particle size of the particles is
preferably 300 nm or less. It is preferable that this average dispersion particle size be smaller,
but usually, the lower limit is about 5 nm.  Furthermore, from the same viewpoint, the
maximum dispersion particle size of the particles is preferably 2 pm or less, and more
preferably 1 pm or less.

Here, the average dispersion particle size and the maximum dispersion particle size are
measured by a photon correlation method on the basis of the dynamic light scattering method
based on the Brownian motion of particles. The measurement of the average dispersion
particle size and the maximum dispersion particle size can be carried out, for exampie, using
"N5 Submicron Particle Size Analyzer" (trade name) manufactured by Beckman-Coulter, Ing.
[0083]

Furthermore, in the liquid composition of the present invention, the content of the
copper oxides is I to 80 parts by volume, and preferably 10 to 60 parts by volume, relative to
100 parts by volume of the total amount of the copper oxides, the metallic transition metal or
alloy, or the transition metal complex containing a metal element, and the solvent.  If the
content is larger than 80 parts by volume, the viscosity of the liquid composition increases, and
there occurs a problem that character printability decreases.

[0084]

The liguid composition of the present invention constitutes a solution of the complex
containing a metal element in the solvent, and the content of the complex is such that when the
weight of the particles containing copper oxides is taken as 100, the weight of the metal atoms
in the complex is preferably 1 to 100, and more preferably 2 to 50.  When this weight range is
satisfied, a sufficient amount of catalytic metal can be produced, and the adverse effects of the
decomposition gas or residuc of the complex can be minimized.

[0085]

In the liquid composition of the present invention, the metal, the alloy containing the
metal, or the complex containing the metal element is in a particulate form, and the particles are
dispersed such that the maximum dispersion particle size is 2 pm or less.  The liquid dispersion
preferably contains the particles such that the surface area of the particles is 0.4 m? or more,
more preferably 0.8 m* or more, per gram of the weight of the particles containing copper
oxides. Furthermore, the upper Himit of the relevant value is 250 n’.  when the range of the
surface area is satisfied, both the decomposition of copper formate and the diffusion of copper

formate satisfactorily proceed.
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5 11 5 ND 3.0x10-7 5.7x10 7 8.5x10-7 Noconducti on Coppercol or Coppercol or
Brown col or Bl ackcolor [0099] [Exanple 411

[0086)

The liquid composition of the present invention is preferably such that the dynamic
viscosity at 25°C is 100 mPa's or less, and more preferably 50 mPas or less.  When the
viscosity range is satisfied, satisfactory inkjet suitability is obtained. Meanwhile, the "dynamic
viscosity at 25°C" is, in other words, the shear viscosity at a shear rate of 10" st at a

measurement temperature of 25°C.

EXAMPLES
[0087]

Hereinafler, the present invention will be specifically described by way of Examples,
but the present invention is not intended to be limited to these.
[0088]

(Example 1]
(Preparation of copper ink (liquid composition))

A copper ink was prepared by weighing 36 g of CuO nanoparticles (average particle
size 70 nm, C.I. Kasei Co., Ltd.) and 4 g of Cu nanoparticles with naturally oxidized surface
(BET specific surface area 8 m*/g, Nissei Engineering, Inc.) (CuO particles:Cu particles =
90:10) in a Polybottle, adding y-butyrolactone (Wako Pure Chernical Industries, Ltd.) so that the
solids content would be 40 mass%, tightly stopping the bottle, subsequently mixing the content
by shaking, and treating the mixture with an ultrasonic homogenizer (US-600, manufactured by
Nippon Seiki Co., Ltd.) at 19.6 kHz and 600 W for 5 minutes.  Since CuO particles:Cu
particles = 90:10, the surface area of the Cu particles with respect to 1 g of CuO 15 0.8 m’.

In addition, the dynamic viscosity (Anton Paar GmbH, viscoelasticity analyzer
MCR301) at 25°C was 98 mPa-s, the surface tension (fully automated surface tensiometer
CBVP-Z, manufactured by Kyowa Interface Science Co., Ltd.) was 49 mN/m, the average
dispersion particle size (Jaser scattering type particle size distribution analyzer, LS13 320
manufactured by Beckman-Coulter, Inc.) was 490 nm, and the maximum dispersion particle size
was 1,830 nm.
f0089]

(Production of copper ink-applied sample)

The copper foil of a copper foil-attached epoxy substrate (E-679F, manufactured by
Hitachi Chemical Co., 1td.) was etched with an agueous solution of ammonium peroxodisulfate
(manufactured by Junsei Chemical Co., Lid.), and the subsirate was washed with water and

dried. The copper ink was dropped on the copper foil surface of the substrate, and the copper
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4.7 g of a copper ink in which copper nmetal nanoparticles are di spersed

with a dispersant (average particle size 3 to 4 nm (catal ogue val ue),

Cull", manufactured by ULVAC Technol ogies, Inc.) was dried by evaporating

t ol uene of the dispersion nmedium by blow ng nitrogen gas at room

terrper atu r si ze
per at Uf;& B aghith @Ong??ltai dr% oBfical %@ﬁz‘%ﬁé} Jhgbﬁa'fa% (d%g/te{gggﬁnpv@%h% R)

Chem caI it tistenp edjustddttal 100 {sol I‘Iubsea&crniﬂiembsﬁale W&Ssrﬂ%ed wet éot@@debbatdd@ et 0.

* The m xtur was . tre n ultrasonic nogeni zer (US-600,

manuf acturlg%l N?Sp‘%ifﬁq‘égsk’i’m ITET %® OPRt" 1%?1@%@%111 é\eak(a S08% for 5 minutes,

and was tr:@@tnezﬁswﬁahloa: &g@ﬁtrdnﬂwﬁoaheﬂm&brapm.f or 4 nminutes, and coarse

particles e renmoved. Thus, a copper ink was prepared. In addition, the

dynam c viiﬁﬁ ity (Anton Paar GrbH, viscoelasticity anal yzer MCR301) at 25C

was 10 nmParsmictdbie payvesagandi spersion particle size (laser scattering type

particle size distribution analyzer 13 320. manuf o
Beckman- Coul t er © "‘"m’fca‘ojdI Wpsglar mﬁ‘rﬁab 5?\%‘%’?}@’ ?Pé)?i‘t?ﬂ&ﬁ‘} %‘%E‘é@‘gﬁls (i?}_/rbcgroﬂ’ cle size
was 1. 046 HamBitle was heated id REoiCIHAIPATT 100K Wass, BRPbite dadlised 2 g4 ﬁ»s&mmpgag ation

usi ng a baker appllcator wi th the adj usted to 200 pm _and was Ieft to
st and for ST sSatsadomhsPeipartht %F"é‘m @J&lﬁ@@fﬁ?@rﬂaﬁyha"f% %Hﬁtf“@l WAL i ed

on a hot p}ate, haaliedat Q1 d00%md ﬁﬁgthEME@wmeﬁmhﬁMkMa@d copper - based
particle deposition |ayer was obtained. The sanple was treated wlth formc

aci d gas Fhromplealupghtherrapnouple yas mﬁ“@@a‘wﬁh%sulfaceﬂféh%%}?é% apdiRe s ed sanpl e

changed t @ ERPRRE whOhQkur t hvﬂfetrﬁtlr&%eﬁ wat ABSued BNovt heo SuEdhAGBITRS! St ance
measured using a four-probe nmethod 1ow resistivity neter was 0.03 C2/o.

Furt her rmF‘vélwhplrlemrmlq\&%Slp@qefbﬁledbﬁip‘éﬁs 1t%t€@1rne@al§ﬂdlath§1* de°themappited site was
not seen sed. f r

FI B- pr oceé%n a](;:uﬁ %(Wé}“'ssea?fé %gﬁmfﬁg Ce) and tﬁ)éy 3@4%%92% C\é%llﬁg{% & t}?gm!é:\e/lg uation
results ags ga:ﬁestedhbﬁﬁie forxmicadeldegza® gen[efh]ldﬁ&]a% hlEvaxd pas§ihrquih ép%ﬂﬁammbin flgfk copper

hi
o par ti & aet PEOAREL GRS, REERSIIEP Yo I RAHAD AL e, flfhy

Pol ybot t | ecco@dx:hdmlgatﬁBegnaﬁf oy tho btayk-oblact sznml( WakgedPo ceppBhminr aad 1r1llrn1d:lilsst r| es,
Ltd.) to 2 ss‘V I st oppi ng bat by
shaki ng, 6?5?@ d[uf'f%t e{fl N acp‘fﬁ%‘% n“i&1h u}%egle\%n R anﬁrfxflﬂ %ég%%a% &g%’f eni zer
(USs- 600, mmﬁpa@tew,rﬁd wiijte angnnnvaSallmed@o flpwlthrdugh, g sq@rablekldgk azamla%@@d W f or

5 m nutes ating the tri uge at 15 romfor

i nut es, é%‘ifof rﬁﬂ??ﬂ Sy ?‘s‘“és 8‘? At E?Ihsé)s ﬁge'dﬂﬁg?‘ﬂfl%e\\ﬁa%@g?&?m(%& ﬂbo

Lt d. Srrallﬁlg-&hrﬁl@ﬂa\éb@reﬁﬁjbtﬂrﬁ MG QRRLedd. SV-10) at 25C was 8 infas, the
surface tension (filly automated surface. tensionmeter CRVILZ, manuf actured
by Kyowa [¥¥&k f ace Science Co., Ltd. ) was 45 inN'm the average dispersion

particle gim@actdids8evaeabher i ng type partl cle size distribution analyzer,
manuf act ured by Beckman-Coul ter, Inc m di spersion

particle size WA SOWARHTS drfe o SE‘S?:?B\AS F“l‘ﬂ%hﬁélﬁf%ﬁ“ %‘aﬁﬁbﬂ GPPE nkj et

printing. sisOLOdE cHeBEQMYGALANPEGOPPAS a tehkit, Bicl fnedhrRadmRkiehll copper color,
Printing was carried out on a surface havi ng a size of 1 cmx 1 cm by

dr oppi ng eRENE Arcksrriace grdeergcalpar bt rsHiiG 8955 an i nkj et apparatus (MIP
printer, manufagtuhedofyseMopiRipglor M(.G‘Elﬂﬂgﬁﬁlﬁl@ t@ﬁb’h [Q@cosseﬁhd)ﬁ sdcfioraw#hl schar ge
anount of 90 ng/drop and thus a copper i nk- | e was obt ai ned.
The ext er Aaricappéar an BB ppoopties fm@w@r (RO b’rﬁ ﬁtﬁﬂlﬁﬁ%ﬁ%{“’ {ﬂfé%hhééfkmﬂéd with a
| aser int %ﬂi gll;sgsv@(?f'lrb}c’ﬁfls(%ﬁ f;ﬁ(f)% RE)Of I llﬁ%ﬁi@afl%é@ui 1(‘1%019@9 1(\(@““&[@’@ e ed by
Ryoka Systens, Inc.), t hi ckness of the copper ink-printed area
was det er diamaek-fubgiinie h@tqnzewélb dmﬂ%rkﬁe@wb@zwéw%ﬁr%é Pranht etFrep@hsand t he
gl ass subgt. 01020 Bkaknwm particl e
applicati gﬁn]? ﬁ‘to"%?)si%g#%‘t?&lé%ty @g%?%omgﬁé qgl\(}g?ia[gle par%(l cle y'gl ze: 0.14 to

0. 45( cat akiug;uetllvpatiﬁge}%l?L@i\'gha Al drich Conpany), and 0.99 g of methyl

| sobutyl ketonep Jﬁfﬂ?thﬂéﬁﬁ g}%ﬁ)llc hinAYsL, fléa%ﬁud kb &)5,1\6@51%&@10%(@19 and the
m xture was di spersed wt u asoni ¢ cl eaner 20 m nutes. Before

pr eci pi t atfosnsecirmedesribpd e&ovgf Ttme’omn}@trmﬁéwmg’dﬂﬂ@pp@tﬁd@b’i ey heer
ink-printed area of the copper ink-printed sanple, and the di spersion was
spread over the entire surface of the copper ink-printed area and then
dried. Thus, a copper-based particle deposition layer with applied Pt
particles was fornmed. [0103]



(Formc acid gas treatnent) The formc acid gas treatnment of the
copper - based particle deposition layer wwth applied Pt particles was
carried out in the sane manner as in Exanple |I. [0104] (Characteristic
eval uati on) The volune resistivity was determ ned by neasuring the

surface regirst ﬁ@ﬁﬁn&%ﬂg a @out H)'Be R AbBWTBLROR, heW (Le&kE UPVikiiHERIEeS by Lor est a
GP, manufactured by MtSubis Chem cal Caorp.), and multip l ying the surface

reS|stancéhbymﬁhémﬂpﬁﬁﬂ@ﬁibRﬁE@@U@VmEH@S@§ﬁﬁéﬁmwﬁﬁtﬁﬁ@ﬁ@%ﬁ‘é*éﬁsaf tun.

The col or oof LS SRR G2 CNRNGEHLO copper color, along with the progress
of the re ucti1on ?ron1the bl ack col or of CuO nanopartlcles Thi s was

observed I80%] sual inspection. The deep-part reducibility was determi ned by

observi ng ge of the printed area by visual inspection from
t he glass[§&§??$§55§§§%@] and the case in which the color changed to copper

col or was (tropmsitevédppa idave deep part reducibility Copper precipitation to

areas other 't han & e, ARl Grlkd 6,83 60 L 5B B 848l hsnsiien of the

gl ass substrate pa ere was not printe copper mneta
preC|p|tases7®mnﬁnmmﬁNENyﬂe§él§aﬁ$€¢aL@)lmbP@ﬂM@Haﬁ@e%ﬁpdﬂﬁdark green col or

t b

Lo FoPper Soh R T80 RS Rp TIEoBERUE R0 e 2b0Ne chkach g
processeesmpmegﬂmbmﬂedmmmgﬁmmomhebsdnﬁmg&mdémn&smumtEMamﬁM@“ﬁhaexcept t hat
B o PR AL B GPR RSB BB Dsdi@ by B A BUALARNEY Al UE)

manuf act u *was used in of the i num po
evaluatiONVﬁesmMmsaare presented in Table 2. [0106] [ Exanple?] The
processes carried out in the sane manner as in Exanple 5, except that
a silver #ﬁﬁéﬁomﬂer (average particle size < 100 nm (cat al ogue val ue),
manuf act ugeddlyioShgappeAlntirappliedCanplany) was used in place of the platinum

powder. The evalyaliof hFSt &Spd S REREHEY difuslBRES79r, nlafdAlhred by
Hitachi Chemical Co., Ltd.) was etched with an agueous solution of ammonium persulfate
(manufactured by Junsei Chemical Co., Ltd.), and the substrate was washed with water and
dried. The copper ink was dropped on the copper foil surface of the substrate, and the copper
ink was applied using a baker applicator with the gap adjusted to 200 wm. Thereafter, the
substrate was placed on a hot plate heated to 100°C and was dried for 20 minutes. Thus, a
copper ink-applied sample was obtained.
{0054]
(Hot wire method atomic hydrogen treatment)

The copper ink-printed sample was mounted in a hot wire atomic hydrogen treatment
apparatus (manufactured by Universal Systems SE), and the sample was treated for 10 minutes
at a hydrogen flow rate of 50 scem, a pressure in tank of 10 Pa, and a hot wire input power of
500 W. The volume resistance after the treatment was 2.7x10% Qm.

For the cross-section shape of the sample film, a trench processed cross-section was
stanted 45°C in an FIB processing apparatus (FB-2000A, manufactured by Hitachi, 1.td.} and
was observed by SEM (X130, Philips). The SEM-observed image is shown in FI1G. 4 as a
drawing-substitute photograph. In FIG. 4, Refercnce Numerals 38, 40, 42 and 44 represent an
FIB-processed protective layer (tungsten), a reduced and sintered CuQ ink layer, a layer where
the particle shape of CuQ ink remains, and an epoxy substrate, respectively.  From the

observation of the cross-section, the layer where sintering proceeded and the shape of CuQ
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[ Exanpl e 8] The processes were carried out in the same manner as in
Exanpl e 5, except that a nickel nanopowder (average particle size < 100 nm
(cat al ogue val ue), Signma-Aldrich Conpany) was used in place of the platinum
powder. The evaluation results are present ed in Table 2. [0108] [Exanple 9]
The proce n except
(hat & totr SRy oL e o R L SR oocan] e

r hodi uny( | Yhag V@k@d%ﬁr%mar@mmbﬁy httiusf theess- tqctﬂoll)Of\ﬁJa%Cu%%tiqlﬁd?ﬂOeEé@i of the
met hyl is spersion liquid of platinumpowder. The results
are pr esega?}ijr&%k()ié(&g?ﬁm%h [ 0109] [ Exanpl e 10] The processes were
carried ol the same nmanner as in Exanple 5, except that a saturated
y-but yr ol %&’%ﬁ% olution of copper(ll) fornmate hydrate (Sigma-Aldrich
Conpany) in place of the nethyl isobutyl ketone dispersion liquid
of platinum pomﬂﬂeerproctessewsxetcmi@@mt in tha samewansepiar Examplg breﬁﬁpethhfythfr gile is
deconposeg }th?nn cratuere wa n;(J:te ioq%wce 1ds tht'a tn ga'in%%?%ge éa?uetd%% ztxt a%%ﬁ@ In%ﬂper ature
under a ni't ream %‘ roduces copper dthis copper

met al ser Ve;ﬁﬁyeﬁsn@omalzw yﬂmebﬁahm@dtmﬂts@mpemmenaale lonl y in the copper

i nk-appli EO% In addition to that, the evaluation results are presented
in Table ?]0110] [ Exanpl e 11] Copper netal was obtai ned by
reduci ng fhenpREyer ink- pri nt ed filmsurface with hot vvi re rret hod atom c
hydr ogen, instead of applyi tal particles t_o.tE L

copper - based paft§ EfP%@Sﬁéﬁ'S’ﬁ“?‘ir optdy B SEBHTAIST Hg™ Fﬁ‘”%p e 65%?’1 WéfttQF olls 4
cat al yti cahthYen@etadt€ whBlclo 1S PN RNENAE r¥WRBer® WAk eftiQbut & af sl Cre@@iesh
reduction. The details are described bel ow. [0111] (Production of copper

i nk- pri nt &hpsetipt o 19A°G o e evalyilioprosdisas Savpirelapgd  produced in the same
manner as [d'orgrdzxarrpl e 5. [0112] (Hot wire nmethod atom c hydrogen treatnent)

[Comparative Example 2]
The processes were carried out in the same manner as in Example 1, except that the oil
bath temperature was set to 140°C, and the treatment was carried out at a sample treatment

temperature of 110°C.,  The evaluation results are shown in Table 1.

[0098]
[Table 1]

Treatment , , Volume

Fitm thickness s Surface color of

temp(gré)ture (mm) res('ét?'m‘glty sample after treatment
Example 1 166 5 3.0 X 107 Copper color
Example 2 152 {1 5.7 % 107 Copper color
Example 3 140 5 8.5 x 107 Brown color
Cg’fg;gj‘;*;" 110 ND No conduction Biack color
0099

[Example 4}

4.7 g of a copper ink in which copper metal nanoparticles are dispersed with a
dispersant (average particle size 3 to 4 nm (catalogue value), CulT, manufactured by ULVAC
Technologies, Inc.) was dried by evaporating toluene of the dispersion medium by blowing

nitrogen gas at room temperature, and then 25.7 g of CuO nanoparticles (average particle size
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The hot wire nethod atom c hydrogen treatnent was carried out using a hot
W re CVD apparatus (manufactured by Universal Systens SE) introduced with
hydr ogen under the conditions of a hydrogen flow rate of 20 sccm a
pressure in the tank of 0.4 Pa, a tungsten wire input power of 520 W a
tungsten whrg ¢ enpgsabu Lﬁio)chfngi %ggﬁmﬁ@ﬁ%&qm Pud chedicatihenuther gomet er)
and a treatment time of 10 m nufes The sanple front surface after the hot
Wi re met hodlicstcontion 2RydsGgerer ¢ rdded Wemto. wake diiike Broydaicd Wik gp srasaiel t he
sanpl e ba - [ - Scsuhs He 181,384 B K in
col or. ThEéss?@géff%qteﬁgﬁ?’?ﬁoa\r??g{s:tg{e? gyzgﬂ%gglsfagﬁcu%’egés él'tgrg%surfac‘g@?ggfogtg ance was
657 Q o. [rdmieB]and Mo riatedadihon wasilfigeant 198 py for 4 minutes, FEopspPRFCIBREHE
particle d j ti : per. ik pri : f hot
Nre et hoa arom e by o B o AP e R L R Ry TR 1Y gas

t r eat ment Gandl, evakiasicad anatyzed CBAMS ah2i°Gwvas 46 miP s Bhaaverage ¢isb ersien parbeie
surface color was .dull. co . Col or.. al ybsh rface side
had coppe?lz%{lﬁsgrf’c%efiﬁg Rt %[%%Cll%s%el %Sstgl?u%[\lﬁgﬁalofe%kﬁg%%@i st %1?1%15661 s 8.0x10-8
Om . in aBdikaoiCotitertThal was 196 ney addrht merimpesidpersioapertipe egewted Ofgmmabl e 2.
[0114] [ Exanple 12 : The .co r. foil,.. [ > le 1 was
i mrersed in au. T%ec%’a?% !npl)(a\Talséq'a?nﬂa%msiE%Fabrgigag}a&t% #gﬁﬁéﬁ%ﬁﬁf ?%&F%ﬁf}gﬂ t achi
Chemi cal € adjusted to 200nad andramnscft REB{m) Tor230ug/alibpm teraradtaet ubededgnthy, t achi
Chenmi cal ., Ltd., trade name: HS202B int./L) at roomtenperature for
10 mi nut eg?fsawae A28 S0P Gt B B 100 W st s BPTR STBF-BONT ur f
acid for Eﬂﬁcl%ﬂﬁﬁiﬁenfﬁ?@ vl Bsthinad. € TWasanwashedrdated WiEssiidygid fasih theapur e
water, and was dried at roomtenperature. Thus, a substrate se?ded W th

pal | adi unFyREPIapes ibkrapp ke Ferrsr iskppniicd sampleclapgesthapper co

copper i nk@fiicEXAIRhEHe sWaRe ARRah@Mn@Rrtd@ifal foadi-ie hakdd 16k ecsstiered
substrate with a baker applicator with the gap adjusted to 100 um

Ther eaf t emetef Wes GUhStT atarthpamors| riewritagn of gqBRer i) 31t oHKE 8y 2PBlioHEYahd was
dried for;J3.d0 _mi*&ceﬁlrg t?icf(%smn@asﬁgg@l%&'m@gse%{ixgﬂ @a@lg%P&Q§sEﬁ on layer.
Thus, a copper ink-applied substrate was obtained. [0115] The
copper i nkrosppttiedvas Shet.r do addigs te tha), dicteaduationgesploy arp preggated 1ydable 2.eat nent
and eval Uf(hgg, in the sane manner as in Exanple 5. As a result, no
precipitati of copper occurred in the reactor other than the copper

i nk-appl i 8tkasylesirate. The surface resistivity of the conductor |ayer was
0. 019 2/ I nnadd'_ ti Oer}itc)) that, the evaluation results are presented in
Tabl e 2. 6&‘?& O'f Cr?B%r a’fkl ve Exanpl e 3] The copper ink-printed
substrate of Exanpprer mkwaspsplopeot ecghiog 27 § of (i@ nawpatigas(areragetpagivte and

par i ol ess kel R B Fli o LouPR T PuGad Tkl Bl PROGF A8 Rkt rum

Chemical Industries, Ltd.) to 27 mass%, tightly stopping the bottle, mixing the content by

or with The

shaking, subsequently treating the mixture with an ultrasonic homogenizer (US-600,
manufactured by Nippon Seiki Co., Ltd.) at 19.6 kHz and 600 W for 5 minutes, treating the
mixture with a centrifuge at 1500 rpm for 4 minutes, and removing coarse particles. The
dynamic viscosity (A&D Co., Ltd., small-sized vibration viscometer SV-10) at 25°C was 8
mPPa‘s, the surface tension (fully automated surface tensiometer CBVP-Z, manufactured by
Kyowa Interface Science Co., Lid.) was 45 mN/m, the average dispersion particle size (laser
scattering type particle size distribution analyzer, manufactured by Beckman-Coulter, Inc.) was
70 nm, the maximum dispersion particle size was 200 nm, and the copper ink could be apphied
to inkjet printing,

[06101]

(Production of copper ink printed sample)

29
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o- CD
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Printing was carried out on a surface having a size of 1 em x 1 cm by dropping the ink
on a glass preparation with an inkjet apparatus (MJP printer, manufactured by Microjet
Microtechnology Co., 1td.) in a discharge amount of 90 ng/drop, and thus a copper ink-printed
sample was obtained. The external appearance of the copper ink print product was measured
with a laser interferometric surface profile analyzer (MM3000, manufactured by Ryoka Systems,
Inc.), and the film thickness of the copper ink-printed arca was determined from the level
difference between the printed arca and the glass substrate.  The film thickness was 1 pm.
{0102]

(Platinnm particle application)

0.01 g of a platinum powder (average particle size: 0.14 to 0.45 pm (catalogue value),
Sigma-Aldrich Company), and 0.99 g of methy! isobuty! ketone (Wako Pure Chemical
Industries, I.td.) were mixed, and the mixture was dispersed with an ultrasonic cleaner for 20
minutes. Before precipitation, one droplet of the mixture was dropped on the copper
ink-printed area of the copper ink-printed sample, and the dispersion was spread over the entire
surface of the copper ink-printed area and then dried.  Thus, a copper-based particle deposition
layer with applied Pt particles was formed.

[0103]
(Formic acid gas treatment)

The formic acid gas treatment of the copper-based particle deposition layer with
applied Pt particles was carried out in the same manner as in Example 1.

{0104}
{Characteristic evaluation)

The volume resistivity was determined by measuring the surface resistance using a
four-probe method low resistivity meter (Loresta GP, manufactured by Mitsubishi Chemical
Corp.), and multiplying the surface resistance by the film thickness of the copper ink-printed
area, | pum.

The color of this sample changes to copper color, along with the progress of the
reduction from the black color of CuO nanoparticles.  This was observed by visual inspection.
The deep-part reducibility was determined by observing the back surface of the printed area by
visual inspection from the glass substrate side, and the case in which the color changed to
copper color was considered to have deep-part reducibility.  Copper precipitation to areas other
than the applied site was confirmed by visual inspection of the glass substrate part where the
copper ink was not printed.  If copper metal precipitates out on the glass substrate, color

change from dark green color to copper color can be seen.
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The results of the above characteristic evaluation are presented in Table 2,

[0105]
[Example 6]

The processes were carried out in the same manner as in Example 5, except that a
palladium powder (average particle size: 1.0 to 1.5 um (catalogue value), manufactured by
ChemPur GmbH) was used in place of the platinum powder. The evaluation results are
presented in Table 2.

[0106]
[Example 7]

The processes were carried out in the same manner as in Example 5, except that a
silver nanopowder (average particle size < 100 nm (catalogue value), manufactured by
Sigma-Aldrich Company) was used in place of the platinum powder.  The evaluation results
are presented in Table 2.

{0107}
[Example 8]

The processes were carried out in the same manner as in Example 5, except that a
nickel nanopowder (average particle size < 100 nm (catalogue value), Sigma-Aldrich Company)
was used in place of the platinum powder. The evaluation results are presented in Table 2.
[0108]

[Example 9]

The processes were carried out in the same manner as in Example 5, except that a
tetrahydrofuran solution of chlorotris(triphenylphosphine) rhodium(l) (Wako Pure Chemical
Industries, Ltd.) was used in place of the methyl isobutyl ketone dispersion liquid of platinum
powder. The results are presented in Table 2.

[0109]
[Example 10}

The processes were carried out in the same manner as in Example 5, except that a
safurafed y-butyroiactone sotution of copper(11) formate hydrate (Sigma-Aldrich Company) was
used in place of the methy! isobutyl ketone dispersion liguid of platinom powder. It was
thought that the copper(I) formate hydrate is decomposed when the temperature is increased (o
the treatment temperature tnder a nitrogen gas stream, and produces copper metal, and this
copper metal serves as a catalyst to produce copper metal only in the copper ink-applied area.
In addition to that, the evaluation results are presented in Table 2.

(0110}
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[Example 11]

Copper metal was obtained by reducing the copper ink-printed film surface with hot
wire method atomic hydrogen, instead of applying metal particles to the surface. A
copper-based particle deposition layer containing this copper metal as a catalytically active
metal component was subjected to formic acid reduction.  The details are described below.
[0111]

(Production of copper ink-printed sample)

A copper ink-printed sample was produced in the same manner as in Example 5.
[0112]

(Hot wire method atomic hydrogen treatment)

The hot wire method atomic hydrogen treatment was carried out using a hot wire CVD
apparatus (manufactured by Universal Systems SE) introduced with hydrogen under the
conditions of a hydrogen flow rate of 20 sccm, a pressure in the tank of 0.4 Pa, a tungsten wire
input power of 520 W, a tungsten wire temperature of 1560°C (measured with a radiation
thermometer), and a treatment time of 10 minutes. The sample front surface after the hot wire
method atomic hydrogen treatment was dark brown in color, and the sample back surface
observed from the glass substrate side was black in color.  Thus, only the front surface was
reduced. The surface resistance was 657 Q/o.

[0113]
(Formic acid gas treatment)

The copper-based particle deposition layer of the copper ink-printed sample after the
hot wire method atomic hydrogen treatment was subjected to a formic acid gas treatment and
evaluated in the same manner as in Example 6. The front surface color was duil copper color,
and the glass substrate surface side had copper color with metallic gloss. The volume
resistivity was 8.0x10% Q'm.  In addition to that, the evaluation results are presented in Table
2,

[0114]
[Example 12}

The capper foil substrate used in Example 1 was immersed in an acidic palladiam
seeder solution (manufactured by Hitachi Chemical Co., Lid,, trade name: PD301 250 g/1.,
manufactured by Hitachi Chemical Co., Ltd, trade name: HS2021 30 ml/L) af room
temperature for 10 minutes, and then was treated with a | M aqueous solution of suifuric acid
for one minute. The substrate was washed by immersing in ultrapure water, and was dried at

room temperature,  Thus, a substrate seeded with palladium particles on the substrate surface

32



...a 0mc=_cmae CD C.OND CA) COCA, ? COCI1-Du 0 00O
cbooo0oo0oo0oOo0O0OOOOOOWOCQ OOOO0OOOVOOOOVCQCOC

Cg)CDCDCOCD-?-l-l??7'7777000000000n00000000
00O00O

was obtained.

The copper ink of Example § was applied on the palladium particle-sceded substrate
with a baker applicator with the gap adjusted to 100 um. Thereafter, the substrate was placed
on a hot plate heated to 100°C and was dried for 15 minutes to forma copper-based particle
deposition layer. Thus, a copper ink-applied substrate was obtained.

[0115]

The copper ink-applied substrate was subjected to a formic acid gas treatment and
evaluated in the same manner as in Example 5. As a result, no precipitation of copper
occurred in the reactor other than the copper ink-applied substrate. The surface resistivity of
the conductor layer was 0.019 /o,  In addition to that, the evaluation results are presented in
Table 2.

[0116]
[Comparative Example 3]

The copper ink-printed substrate of Example 5 was subjected to a formic acid gas
treatment and evaluated in the same manner as in Example 5, without attaching platinum
particles. The evaluation results are presented in Table 2.

[0117]
[Table 2}
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. . Volume Surface color Copper

_ m _ ?umaom Mimmmﬂ Thickness ocistivity  of sample Deep-part precipitation
o tem agged 10 LU 8 after reducibility to outside
o particles (em) (X 107 Q0 reatment applied area
T Example 1 Cu Powder (10%) 5 30 Copper color Present None
_ ! Example 4 Copper ink (5%) 8 24 Copper color  Present None
- "" Example 5  Platinum Powder 1 9 Copper color Present None

T Fxample 6 Palladium Powder 1 33 Copper color Present None

T Exampie 7 Silver particles 1 8 Copper color Present None
- : Example 8 Nickel Powder 1 35 Copper color Present None
T
o . Example 9 {PPh;) ;RNCI i 24 Copper color Present Nene
mD. Examole 10 Copper (I1) formate 1 14 Copper color Present None
) .
o Example 11 Atomic :«aqmmmz 1 8 Copper color Present None

. treatment
-0
-5 Example 12 Pd seeder” 5 9 Copper color  Present None
I
Comparative . Copper .

"_ Om_ Example 3 None 0 No conduction color® Present Large amount
oo a) Without addition of particles. the sample surface was reduced with atomic hydrogen. bl A Cul
. ink was applied on a substrate to which Pd particles had been attached. c) Spotted
I m I
I I

N
N o

N
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[ Conpar ati ve Exanpl e 4] A 5 mass% aqueous sol ution of copper formate
hydrat e (manufactured by Sigma-Aldrich Conpany) was applied on a copper
foil -attached epoxy substrate (E-679F, manufactured by Hitachi Chem cal

Co., Ltd.) with etched copper foil, and was dried on a hot plate at 110C
Thus, a SHQ !rate i n which copper for mat e hydrate was attached on the
substrate as ‘crystal grains was obtained. This substrate was placed on a
hot pl at e{(rempedve Bxah®®G] and was covered with an inverted funnel. N trogen

was al | owed to yS%sJ‘% 9(2355&%091 &?éf Jo fo?x'ngt@h?(flatt:r@tﬁarfu%@%dr pyand thereby,

the substrate was treated in a nitrogen atnosphere for 20 m nutes.
The coppeBigioritdiid-Capphne dvaarebied hlaﬁg@tiertf@ﬂ ét%be‘rcpéﬁl BPSUAEHE-¢WE substrate

[ the suck oundl,asy filachNE,GORPEL {onTRheARNlLEd Al 8 Ahagicalangsd to

copper co e conductor yer was evaluated in the sane manner
as in Exapplcat IL0°@ndituke sbimctiivbicheapeditemtaiviede VsownreiesBMiemage of an
FI B—proces ed cross- ectron f D Iy L 62 af; er t he
[ oat mont AL G B AT S ehe BTt sart e YIRS ERE s At R

measur enemtt{)"cf axﬁbﬂ‘aﬁ aseradedihshanegcdfasncd. 2046 v@lamllowed to flow fsn tiiegtarsr bed

cbove.  CORREL{ S IF1. bes UL LY, Qeramased 0 BLodveR CARRST 71 e

preci pi t ahgdit@ut even on the subst rate in the surroundl ngs of the appl i ed

area. [0119] [ arative Exarrp ocesse arried out
in the sanme macrotgér) CogRer f%“ﬁ?&?ﬁt@aﬁea BREEpE Cf’%et C?lgloandetﬁ%sﬁbftwe & Used in

pl ace of f@fdih@n@Giftheaspichrihieappiieg agasiso &mdgemi tt) b@:a:tuetublcsarrpl e was

obt ai ned. The surfac i stance was, neasured %h t hod | ow

;
resistivity metepe{p W@%ﬁ%’e’d‘f’as %Hﬂ?%‘(’ftﬂtﬁséﬁleﬂi?mi\ﬁ‘ta%t? X%WPIG A oor p. )
but the rasikataaeemas RAABEMOmagEe dtlagtrm-ptohasbdtmsmsmmemppbn mt, that
is, no conduction was seen. The surface col.or. was observed dbr)é; i%{.rt?l

| nSpect | ofPTmBGPRlicd AEaRBF (RESiR AR e o] BFmELSPHAY ERIEPE: TH

treat ”E”ttggﬂqsd?&né?ﬁ‘éﬂgﬁa&%s@sﬁzﬁlc@@/% Ab1er ¢i-he isopropanol gas treatnment was

seen. In a tion to that, the evaluation results are presented in Table 3.
[0120] [ Conpar at desciberpes, Glpper formate wapHorn idss QBROS LI HET F@ETOUt | n

the same gﬁ{tﬁte rFu?tﬁerht@reEécﬁaﬁgJ Brifate \gﬁ(s(iﬁmmetblﬁaﬁndeéogyét eRe 1 dhy ﬁt@&lfzt{@&i dhged in

pl ace of form c aci treati ng gas reated sanpl e was

obt ai ned. cTnendlzmpberatds tevalrgntiods ¢frihe ppliedeaten. manner as i n Conpar ati ve
Exanple 5 gt]d no conduction was seen. The surface col or renai ned bl ack,
and no ch!inge was observed. In addition to that, the evaluation results are
pr esent ed [CompRadbive E®aml®3P1] [ Conpar ati ve Exanple 7]

The processes were carried out in the same manner as in Example 2, except that
isopropanol was used in place of formic acid as the treating gas, and a treated sample was
obtained. The surface resistance was measured with a four-probe method low resistivity meter
(Loresta GP, manufactured by Mitsubishi Chemical Corp.), but the resistance was equal to or
higher than the measurement limit, that is, no conduction was seen.  The surface color was
observed by visual inspection, but the color was the same black color as that before the
treatment, and no change before and after the iso;ﬁropanol gas treatment was seen.  In addition
to that, the evaluation results are presented in Table 3.

[0120]
[Comparative Example 6]

The processes were carried out in the same manner as in Example 2, except that
ethylene glycol was used in place of formic acid as the treating gas, and & treated sample was

obtained. The sample was evaluated in the same manner as in Comparative Example 5, and no
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The processes were carried out in the sanme manner as in Exanple 2, except
that acetic acid was used in place of formc acid as the treating gas, and
thus a treated sanple was obtained. The sanple was evaluated in the sane
manner as in Conparative Exanple 5, and no conduction was seen. The surface

col or remai,nad; Bl B Keen2NEnd\Q; iﬁ&?@g?m‘ﬁﬁﬁle@pﬁﬁ{ Y&thd dﬂdx@g@%ﬂl boerke that, the

evaluation results are presented 1 n Tab kﬁ% [ Conparative exanple 8]
The proce@é@gmmbﬁﬁﬂd@?¢@@@ﬂmmﬁUWﬁﬂﬁW@ﬂ@@ﬁﬁfﬁﬁ as in Exanple 2, except
that a nl g of acetic acid and ethyl ene glycol was used in place of
formc aC|d as the treating gas, and thus a treated sanpl e was obtai ned.
The sanpl éComprrgivaFuar@d’i n the same manner as in Conparative Exanple 5,

and no conducti gy, }3@&1@6@ e c-ggﬁda Stk %%arﬁ@!n%ncf SMRERGELIDY aGkspt ARCaBR: change

was observed. In addition the evaluation results are presented in
Tabl e 3. [0d28} u{e@@nmiaqea:tffmemc@xmpu@ tgting gas, and thjea Bragdeasels wiepklaiet ri ed

out in the fh§ ?%?p&?\?%?l&ﬁt?d an}Fl 5 AT afine? us ﬁ@%ﬁraﬁb@ﬁxaﬂﬁa%ﬁhﬂﬁw (Q%dl‘!@én used

in place o as t treating gas, and thus a treated s | e was
obt ai ned. WRkecesanPlesuiaes celpaterainedblask, pEnosareers AR 44 ﬂﬁaéﬁﬁﬁﬁﬁé ftve

Exanpl e 5, ang A®.G Ggyﬁgg%&?%ﬁ%lgﬁ?|bnThe surface col or remai ned bl ack,

and no change was o%%erve to that, the evaluation results are
presented | QWZIabIe 3. [0124] [Conparative Exanple 10] The processes
wer e Carr%@&n@#&; LR Lhe. §ame manner as in Exanple 2, except that a mxture
of acetic "acl acet al'dehyde was used in place of formc acid as the
treating gas, afdephossa wereatred osanicoanasiaebt ol inddammne Faepsihat has

eval uat ed xl.]x.ﬂhej}ekb% a?e"ﬁggm ﬁyléﬁ% !ﬂol&@aﬁﬂ@t{dam b€ (@?&ﬁm& £idas tﬁé‘t‘ilea'ﬁgg gé%ndUCt l-on

was seen. surface color rendaine nd no change was obsérved. In
addi tion mgdﬁMaaﬁemhbmevhwuabwwnmie§hﬁ§@mﬁ@@wbwégéﬁi@dmﬁﬁm¥aﬁWE@35“{0125]

[ Tabl e 3] -Ic_)'inep%ta OegE)gi%?)levf lam crogtﬁlcﬁ&{ \Wt Xen. The surface color remained black, and
no change was observed. In addition to that, the evaluation results are presented in Table 3.
[0123]

[Comparative Exampie 9]

The processes were carried out in the same manner as in Example 2, except that
acetaldehyde was used in place of formic acid as the treating gas, and thus a treated sample was
obtained. The sample was evaluated in the same manner as in Comparative Example 5, and no
conduction was seen. The surface color remained black, and no change was observed. In
addition to that, the evaluation results are presented in Table 3.

[0124]
[Comparative Example 10]

The processes were carried out in the same manner as in Example 2, except that a
mixture of acetic acid and acetaldehyde was used in place of formic acid as the treating gas, and
thus a treated sample was obtained. The sample was evaluated in the same manner as in
Comparative Example 6, and no conduction was seen.  The surface color remained black, and
n0 change was observed. In addition to that, the evaluation results are presented in Tabie 3.

[0125]
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(Q.m Surface color of sanple after treatnment [0126] [Exanple 13]

In order to evaluate the reducibility of the copper ink deep parts, the ink
was subjected to a thick filmevaluation. A paste-like copper ink was
prepared by wei ghing 40.5 g of CuO nanoparticles and 4.5 g of Cu
nanopartic¢h@s i th naturally oxidized surface (CuO particles:Cu particles =
90:10) in a Polybottle, adding 5 g of y-butyrolactone so that the solids
content would be 45 mass% tightly stopping the bottle, subsequently m xing
the content by shaking, and then treating the mxture with an ultrasaonic

cl eaner (B5510J- MIH, manuf actured by BransonVdlkme asoni r for

m nut es. ' Thi s pabteatingkees copper i mks wbgiBxtru eéﬁf%@g%)?éa?%@fqaﬁﬂeary
syringe, _and was attached on a glass preparatfofl in the formof a mound

havi ng a thickness of 0.8 . The, copper iRk dried to r

copper - bas ﬁamﬁflff’ ?i cle depgmfc‘;’lﬁﬁ ayer, ang‘ {\ﬁgﬁo\/vas treatéeogm\;g\}t gl 'ormic
acid gas i game manner as in Exanple 1. , The entire npund
turned to Cg%g??gol or inl¥wEoRaNglal i nspdetGoBMCEiBm t he glﬂilgg‘ £t r at e
side, and |t was considered that the copper ink had deep-part reducibility.
FI G 5 showd™ir ali'fig- subgithyluhe adhetiogr aphsiocfahdictesh by obséi wiingokdne
appear ance =Xgp §( B) shows the photograph obtained by observing the copper

i nk from tChenaghigs subst rg&egiggaﬁgd[mzn NE%M%H ve Exa%g(n%i}ﬂé)rl s

A copper i Bkanpiegared in manner as nparative

applied o prep i i a baker applicator, and the gl ass
prepar at i @E@/ﬁ%#?%ﬁaced ?&ﬁ%gﬂggg\g%ﬁ;te heatlecconducid@C and dibil aek £6kor15

m nutes. THuUS, & copper ink-applied sanple on which a copper-based particle
deposi ti ofonEyatiVéas for med yasheet ai ned. \Fhigsd@apeer i nk- apptii ediganpl e
was mount efximil¢ §e reactor for formic acid gas treatnent of Exanple 1, and
nitrogen gaga¢enivai ni ng fxyemd ideheied gas i nt.,r qduced thergein. The sanple
was heat edcfap@im room t enpenaétuceacio | GOC\,A%zn{ifnglfcﬁé?n r eachi @3‘@%@%’?"& he
sanpl e was—treated —for 60 M NUTES. ~AS a TEesult, the copper 1 nk-applied
sanpl e changed to copper color with spots, and a | arge anount of copper
preci pi t atf@idébut in the surroundings and even the inner walls of the

reactor. [[an%mel[ﬁxanpl e 14] (Preparation of copper ink)

In order to evaluate the reducibility of the copper ink deep parts, the ink was subjected

{0 a thick film evaluation. A paste-like copper ink was prepared by weighing 40.5 g of CuO
nanoparticles and 4.5 g of Cu nanoparticles with naturally oxidized surface (CuQ particles:Cu
particles = 90:10) in a Polybottle, adding 5 g of y-butyrolactone so that the solids content would
be 45 mass%, tightly stopping the bottle, subsequently mixing the content by shaking, and then
treating the mixture with an ultrasonic cleaner (B551 0J-MTH, manufactured by Branson
Ultrasonics Corp.) for 60 minutes.

This paste-like copper ink was extruded from a capillary syringe, and was attached on
a glass preparation in the form of a mound having a thickness of 0.8 mm.  The copper ink was
dried to form a copper-based particle deposition Jayer, and then was treated with formic acid gas
in the same manner as i Example 1.

The entire mound turned to copper color in the visual inspection from the glass
subsiraie side, and it was considered that the copper ink had deep-part reducibility.  FIG. 5
shows drawing-substitute photographs obtained by observing the appearance.  FIG. 5(1) shows
the photograph obtained by observing the copper ink from: the glass substrate side.

[0127]

37



A copper ink was prepared in the same manner as in Exanple 5. (Production
of substrate) 10 g of a bisphenol A-novol ac epoxy resin (N365,
Dai ni ppon Ink & Chemcals, Inc.), 7.26 g of a curing agent (LA3018,
manuf act ured by Dai ni ppon Ink & Chemicals, Inc.), 0.017 g of
E-gt?yl-43@%hgmh®ghgf@ﬂgg}(nanufactured by Wako Pure Chem cal Industries,
td.), an .022 g of 'a surface tension adjusting agent 07, manufactured
by BYK- Cheni e GAMSPPCWBK & afMES By et papper o8 6%*‘93535‘2%%’8R‘§7E’11- Wat #8%Sor opane
(manuf act hegiabyprdakeoi iR a GeMA B atardr Y Sle g8 prepad dioh wadplcddiss i@t r esi n
solution was obtained. On a glass preparation that had been UV/ 03 treated

with a degletcdisated iod 08 and dred fop bt MENECS apiiitF-atcaRPey PREBPICH AP e otbidtdur ed by

Sen Li ght 8,00 baskd frtlcie deD&sitlcBIdyer S4 tbhinhe@WaVVBifaif i, N THRRbGR: HRASHIde
condi tions of 1500 rpm and 60 sSec. The resin solution was dried on a hot

pl ate at 3uads Veymaptediihike syctoniyy fornisHoidass Eyreat o amatst. prdriBogn 8480C f or

30 mi nut eg, FRNS rorRiclemilgls FRMEASURRLGAT eritasmpE adveard L2k (Production
of copper |ni-applle§ sanpl e The copper ink was inkjet printed on
t he resi niooatasde HUHEIG ardaficnreathéngd SR, thersreple avgs irpplabiangsl raingles.ands ¢ hus a
copper i nk-ptint (= i.ned Hot. WM, T i C

hydr ogen F%ﬁ%{%%ﬁ?y§ﬁﬂBmsm%%%ﬁ@Q%%%ggﬁﬂfﬁﬁ%ﬁ%%ﬁ&E@ﬁgﬁﬁgﬁ%gﬁggggﬁgﬁggled to
a hot wi r eoppet edpitated wiicin hyednogedings ewtererihe innertwedls shifierareipher as in

Exanpl e 1tn ggd t hus a copper-based particle deposition |ayer was forned.
The sanpl Fr nt surface after the hot wre nethod atom c hydrogen

t r eat nent [Irachptdrtk br own col or, and the sanple back surface observed from
the gl ass substrate had. hack color. In regard to the surface resistance

repargtion 01 copper 1 .
measur enent PAhe resrstance was equal to or higher than the measurenent

limt, and no caéndyet indrwaspspobbientiwedme [fad3t hs GFormpic Saci d gas treat nent)
The form ¢, aci treatnent of the copper ink-printed sanple that had

been subjg%Péﬁg?gggu%%?m ire method atom ¢ hydrogen treatnent was carried
out in the saneldmonesisgsndl A-fexainpémext resN8 660 Damipprebikst Chinigalaflte), t he

treatment 7%% o?'a gﬁ(rgh%_agen?(IEAS[O%',SI%JnufaCtured by Dainippon Ink & Chemicals, Inc.), 0.017 g
of 2-ethyi-4-methylimidazole (manufactured by Wako Pure Chemical Industries, Ltd.), and
0.022 g of a surface tension adjusting agent (307, manufactured by BYK-Chemie GmbH) were
dissolved in 24.2 g of 2-acetoxy-1-methoxypropane (manufactured by Wako Pure Chemical
Industries, Ltd.}, and thus a resin solution was obtained. On a glass preparation that had been
UV/Q, treated with a desktop type surface treatment apparatus (PL16-110A, manufactured by
Sen Lights Co., Ltd.), the resin solution was spin coated under the conditions of 1500 rpm and
60 sec. The resin solution was dried on a hot plate at 100°C for 10 minutes, and then was
cured on a hot plate at 180°C for 30 minutes.  Thus, a resin-coated substrate was produced.
[0129]

(Production of copper ink-applied sample)

The copper ink was inkjet printed on the resin-coated substrate in the same manner as
in Example 6, and thus a copper ink-printed sample was obtained.
[0130]
(Hot wire method atomic hydrogen treatment)

The copper ink-printed sample was subjected to a hot wire methed atomic hydrogen
{reatment in the same manner as in Example 11, and thus a copper-based particle deposition

Jayer was formed. The sample front surface after the hot wire method atomic hydrogen
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(Measurenent of substrate adhesiveness) The substrate adhesiveness
of the copper ink-printed |layer after the formc acid gas treatnent was
determ ned by neasuring the peeling strength by SAI CAS. The average peeling
strength was 0.32 IcN'm The substrate adhesiveness of the formc
aci d gas ueeabtedatappbiowndkiopuidihednipiyack wascchb3ertddniesn thhelagabubetrof

Conparative e 13, and thus_the .adhesive force was enhanced.. The
adhbet on SR ETBRE JEtredle PEERE AR S BB B LR RS B
subst r at e hghawmnithe itaure@ent dind, add nosoh@tticawed obdeatedt he adhesi ve force
enhanced. (ngzl)ng] [ Conpar ati ve Exanple 12] (Production of copper ink-printed
sanpl e) Al er ink-printed sanple was produced in the sane manner as in
Exanpl e 14Forinf2k3d]gad iatmont)r € met hod at om ¢ hydrogen treat nment) The

hot wire nethod _atonm.c hydrogen t t ment s carrie u ing a hot wire
atom ¢ hydr ogenTFerng’Plﬁﬁﬂ g%ﬁ%ﬁ?@f‘t@%eﬁo%‘a&l\ﬂll\%éjﬂm\%dtsﬁm‘ﬂf/g‘la%o}baéﬁﬁee’gnder t he
condi ti onsutdeted tdry Bt @GR Mnc lodwtoidd Bydofgerl Qesipamwascqprigissuinghd sunichearhank of
0.4 Pa, a tungsten wire input power of 1030W a t N Wire tenperature
of 1800C ew&%&m@alm T RIIEd ATV Bh? %é!‘rﬁﬁﬁw@}emésufgﬁb i¥eat nent time of
40 m nut esg13The sanple front surface after the treatnent had copper col or,
and the sanpl e back surface observed fromthe gl ass substrate side had dark
brown col Yeasy@eriohpdrtgtmdhGaentsiuced to the back surface at a thickness

of 1.7 p.m TheTNoluiRd R8dstlehdtt bth¥@Bpd i H &l @yer afQ1@5brkiVeagyrenent  of
substrat e adhesi veness) The average peeling st rens%h rrea%ur ed in the sane
manner as txpzﬁmggmﬁgerﬂne\ﬂ@g mpasuying the peeling strength by CAS he average peeling

strength was 0.32 kN/m.

The substrate adhesiveness of the formic acid gas treated copper ink-printed layer was
2.3 times the value of Comparative Example 13, and thus the adhesive force was enhanced.
The adhesion area increased due to the presence of a dense layer along the substrate shown in
FIG. 3, and it is believed that the adhesive force enhanced.
[0133]
[Comparative Example 12]
(Production of copper ink-printed sampie)

A copper ink-printed sample was produced in the same manner as in Example 14.
[0134]
(Hot wire method atomic hydrogen treatment)

The hot wire method atomic hydrogen treatment was carried out using a hot wire
atomic hydrogen treatment apparatus introduced with hydrogen, under the conditions of a
hydrogen flow rate of 70 sccm, a pressure in the tank of 0.4 Pa, a tungsten wire input power of
1030 W, a tungsten wire temperature of 1800°C {measured with a radiation thermometer), and a
treatment time of 40 minutes,  The sample front surface after the treatment had copper color,
and the sample back surface observed from the glass substrate side had dark brown color. The
copper ink was reduced to the back surface at a thickness of 1.7 um.  The volume resistivity
was 1.7x10° {rm,
[0135]
(Measurement of substrate adhesiveness)

The average peeling strength measured in the same manner as in Example 14 was 0.14
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KN m [0136] [Exanple 15] A conductorization treatnent using
formal dehyde in place of formc acid gas was carried out. The details wll
be descri bed bel ow. In the same manner as in Exanple 11, a copper
ink-printed filmsurface was reduced with hot wire nethod atom c hydrogen,
and a sanplgn.in which the copper ink-printed tank surface was nade of
copper n@l was produced (volune resistivity 6.0x10-6 10 g of

par a-f or hyde was introduced into a 100-m pear-shaped flask, and a

t hr ee- way [Bhinglieng) cock was provi ded. A 20 cm | ong i njection needl e was

i nserted through the up | ass tube, &r&t he p bet ween . H’?l ass tube
was seal ed wit hAF%ﬂd&‘FtPII‘WW ?W‘Q%“%Pﬂt“ﬂbof@’é?? §dedP ‘EJ“P*(S’“T Y Bugh the

i nj ecti oncheadue, ﬁhhaet@lwﬂ;s)laaa@ﬂbgdlmﬁ)& was heated by inmersing in an oil
bath at 160C, and nitrogen gas containing fornal de ’ila 1S obt ai ned t hrough
a side tube of YRk PHFERMEYS BIERMPIedS as‘-'é?ﬂ%?ﬂ‘ﬁé‘s‘“‘é’ffpé" SHHROE B85 H9PE8m of a

separ abl ewfth BskvifkavdinQ atortit BYdrBRh! L% qMﬁk@ﬁvﬂﬁﬂxlB@@c@)pHﬁﬂR pehtedtaan oi | bath,
and then the sanple was placed on the sea sand.. A c omaﬁl al unel

t her nocouPrEciEys IWGﬁf‘élﬂP?fﬁ“‘t‘ﬂé"aéHﬁ“ﬁ%@“@f“%%ﬁ%gté’é}‘rﬁloél ahd t he sanpl e

tenper at ure was) RS EHrmAMnL & Mststﬁt%ﬁ&d%&%@-b(ﬂh@?eaf QKB gRRyda swas
allowed to flow into the separable fl hi s sanpl e was pl aced,

t he fl askhigsvashdiagicqck wap pwividehath2laem g auectipygeedicygs é‘ﬁﬁﬁ‘ﬁdéhwa%h ¢ eat ed

for 60 m £ _R%IR, SATR By bETRE! Bl L& (e vh8QGicdAtiliaTardile. [ Haak Hﬁﬂ%en the
form c aci enerator  was separated, and while nitrogen was allowed to

flow in, h%fg@é( ﬁoéwlwqualsweM@hp@m@d&edh@%r-bhw@c Bask pgheateddve was br ought
to 50C or ;| oMel, it %u%@ﬂ%}% Sanhﬁgl%g ;;ai(agg forf%§1d@1yﬁ@§/h's Spraibde front

surface co or of the sanple c ange own col'or to brown col or,
and the ctragheride hbe gf tasﬁwwwqoa‘:tessm wd@haﬁg@d ohrlorhobbaok a sgkoblet o T ed

copper Cohgﬁ( h&vxg a elﬂl g{{em el}sél%[ald\é én%e%@é 1n§an%)ﬁ%g&7addQﬂ'c§1 Jaﬁl??&@zlséxajcgcﬂ'

The copper 1n plie dace {hie ‘sahe manner

was treat emthwsdatsafdor nﬁmhdmkwabmehthtmowmmuewd as thiesubcanpibe smﬁpleAs a
result, oppe urfa e gednf opper

col or, (L}’% tﬁ o8 pg?éfgm U lérterwzﬁ1 eﬁ%‘Pl g aﬁ@gé glhogén%ghffa r%qgﬁlﬁa?q?gg%l%ag to dull
copper cohlbxwed Td"r@ommppbe sdpatable Hlatk id wdhicholtis em’mldjwas Iﬁ@n@lmhﬁtﬂ@hvvbehiaareé it he

t r eat ment h|b|t uct,i on t a vo eS|st|V|t m
after thearf?réaﬁt%rﬁ ‘}L(‘[:Oifg Ehe samp ewa%geaéegﬁe gis traosrhn%? Yt era“f%c’fcz
Exanpl e 1660°CheAfi@pRekeatridht, Wfoﬁﬂﬂd&@@@rgemﬂoﬁbﬁs@eﬁhyat&eaﬁd weildivgaleher with

f or mal dehyde gas When t hese exanpl es are respec |v. I onpared w th
Exanpl e 1VariloEsdipdiow inathe feapliy Tiesigh eeoinc %Xa“éx?f‘eﬁfﬁwahwt he

sanpl es wegee - Qat QHE A E)lequ?h‘é‘ fROMbut it 18 GRlQEsultOME 1Bt shifRcCOIBPEAthd Nk af ter
the treatnment was slightl rk, and the volune resistivity was al so

i ncr easedsanpiehanged & Oﬁﬁé@bm\mgo@l tp Grreinyeojopied thgiceler protpglatienbhdatesien wit h
formc a%ﬁnge%%mnﬁﬁﬁ%%m% ol DPeldoR], [PEIRunkatatRly Was 2l paehi ve metal

conpone
[0137]

{Example 16]

The copper ink-applied sample produced in the same manner as in Example 1 was
treated with formaldehyde in the same manner as in Example 15, As a resuil, the copper ink
surface changed from black color to dull copper color, and the glass substrate side also changed
from black color to dull copper color.  The copper ink that did not exhibit conduction before
the treatment, exhibited conduction at a volume resistivity of 9.0x107 Q'm after the treatment.
[0138]

As can be seen from Example 15 and Example 16, the copper ink was conductorized

also by heating together with formaldehyde gas.  When these examples are respectively

40



13Copper oxi de conponent 14Particles containing catalytically active
conponent 15Particles containing copper oxide conponent 16, 19Substrate 17,
21, 22Particle layer formed of catalytically active nmetal conponent 18, 20
Particle deposition |ayer formed of copper oxide conponent 23Fi| m of

cat al yti cabhphraaGHinveafiBleal an€ orRgNe Nt cAdRanhitehe: depes| dveomohgyde formed of
copper oxi de conponent CLAIMS 1. A copper qeta!d%i%n1qptained by treating
a copper - FAYEE W55 FSREeH £ apBRT (hiqr 49p8 0T g ReRREHPR B SEHTEGBPEFA%xi des and
a netal | eighiARGk,ln@ heWBlual r@lstidily 36 al@lincAeatddanShisl 08 eff®t ahs SRAPY BXer
containing a netal elenent, with gaseous formc acid and/or formal dehyde
heat ed t o™it gremgidelyidghap with formipeldeapner metal film according to claim 1,
wherein the copper oxides are cuprous oxide and/or cupric oxide. 3. The
copper netal filmaccording to claiml or 2, wherein the transition netal,
the al | oy REERRENGE SIGHHERT on metal conplex are a metal selected fromthe
group congjigyj ng of Cu, Pd, Pt, N, Ag, Au and Rh, an alloy containing the
nmetal, and_a conpl ex containin9 the netal elenent, respectively, 4. The
copper metal fiPHPRECEY artivg el SmPOBHe of clains 1 to 3, wherein as the

copper oxigdes, afghet hedd®hBblehe transition metal or alloy, or the
transition netal conplex containing a netal elenent, the copper netal film

contai ns phrti cladcleeniaging cRlgEIdKaFYveSPPPREYr e in which the core part is
fornmed of 1§he t paRgEddoRRiniRlcBhpePbxidd dcponand the shell part is forned of
the copper oxides. 5. The copper netal filmaccording to any one of clains

1 to 4, wherldi nStEatfetal lic transition metal is copper netal obtained by
reduci ng a7 porijd on of pifig. GERRGLRBsQIRRAL £lite depasibbant | ayer .

18,20  Particle deposition layer formed of copper oxide component
23 Film of catalytically active metal component

24 Particle deposition layer formed of copper oxide component
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6. The copper netal filmaccording to claim5, wherein the technique for
reduci ng a portion of the copper-based particle deposition |layer is any one
of (1) a hot wire nmethod atom c hydrogen treatnent, (2) a surface wave

pl asma treatnent, (3) an RF plasma treatnent, (4) heating under hydrogen,
(5) a treatnent using a treatnent quUAﬂﬁ&hich contains in a single

sol ut I on, lbot h ?ﬂ“}ct Y\pllm Qatamcgl L%at%r a%gp cr dsc artrcqg%ﬁmgrx 3988 and a
reduci ng agent | edudds®coppe ns %o % t 8 copper

nmet al , bumodoomgpomcqqmt@mmsamppoﬂMMonmwn@ndm@ﬁmzdnmaWonﬁmmhyon@gen

;ng‘f, g?g; c%nglglox gonbaﬁ%n%% mctfr] c?er%cml watﬂ ggsoousr}oumc acu% (H*%/()r o8 Slrdc m;'étscgr 1cdato ticle
deposrtronzvamemgh& a layer obtalned by depositing a partrcle m xture

d ticl f d of tall t iti t
Bl Toy. o 2 tr aSPRPaR R Gm BGRBT LS BB K ICity e HEPR MG o ¢

copper oxXicdRle paldricGhr@Soxafe. an arbltrary ratio. 8. The copper netal film

according.to any one of clainms 1t |n th er - base ticle
Goposi t1or | ayetnacons® meGbinearht By eBasr brG U5 BRR I LR EC R Al

plr Iepar ed hyd e xhingiopadetal célﬁqfreﬁ o€ armaram‘craatermbaﬂrhd @oﬁp’@ﬂlﬁéttnig@lﬂ CUER@IPL, OL

al | oy, transitjon neta X _cont ai ni ng. a net.al t, wt
particles I\ﬂ%ﬁ‘ﬁﬁ@a %ﬁ& Hejoptagy %ﬁ el e A I‘f"fﬂ‘é“&l&%@%’é‘?@ e ned of
the netal rapetiitdg shell part is fornmed of copper oxi des, and mnth copper
oxi de particles,_ at an ar Erary ratio. he cogger netal filmaccording
to any oné of cITAf sAEPFRFIE SilpAPrEE t AR %ﬁﬁ@rmﬁdé PHFET &) B°8ePEsi ti on
layer is @xidayeid tﬁbﬁl@thm@dalb;y[}odm ot arng RNR t@ﬁsxmr@etmmprs‘sx ¢omiainglng
copper oxide particles, on a_|ayer tarngg by ﬁgsrthngwgartrc es formed
of a met alfa SEmePe r%ﬁmmaérﬁlfarf)%rlrwmc havipg HHETECO AT HETAI ¥ORbI ex

cont ai ni NghedoMRailis BHAMRIMthe tWhditont h@ail R} ESySaraehd el ParCio Rdr@ed of thd Beppdihe
copper metal filmaccording to any one of claims 1 to 3, wherein the

copper - ba§é@mpart|cle deposition layer is a | ayer obtained by lamnating a

| ayer contsai ni Ngh@cdpplrdhdid] €k hR&Birlg 10 BnyBledl clinsal tb @Ywhdéin ehelhadigd t i on
nmet al conpl ex contarnrng a netal elenent, on a Iay&r obtarned béalanlnatrng

one or noPémW5VéW§’6Uﬁ?%¥HWH@NE@B%H%”E%WHQaﬁQFPPé g coppgrbasaparidener et al
fil maccogdisgod ay@ny one of claims 1 to 3, wherein the copper-based
particle deposrtron | ayer i s a | ayer obtained by |amnating one or nore

| ayers cofit ai ni ABE %B“pé‘?etf’o@fﬂ accpiiing te clayn S.gppeseif the FﬁCE‘BﬁteafP‘rﬁeﬁ‘&% fretal lic
transitiopomei ar th@&opBbrlia¥ed pafiicR depANDh lidyes AR &He o@gma |h6txw@@ﬂ%tet%b<ﬂlht6ﬂ1ca et al
elenment. “12. A nmethod for producing a copper netal conprisin

treating HY@@$%éWmB§§e@)pﬁ#?ﬁ%Wé“ﬁ%ﬁﬁ@MFWﬁﬁnqQyé?RE@ﬁF%?HF%ﬁm%o@h copper
oxi des ang.gnpeiat ir)!'cﬁ;ogteﬁ ‘?(57)321 ttréagﬁ'enmlﬁé a ObatAdok QYid AhicR codtARS 'rrI d Q%I@Et al
conpl ex contarl ning a net | enent, wth gaseous formc acid

f or mal dehydetidrebtieen %g@ntf@o@ igpiZ48i o Rrpplexates copvepeiidesrmd @ el piE pEsHE A
pattern ohlsglleth yiohd GaldRigr BorAbl SBGAr a4 'Butb%e@nott caliBperBhh g of
bringing the patterned |ayer into contact wi th gaseous formc acid and/or

f or mal dehffden Aemicydragen PoEney trpughattraviglé ireidigtian. copper - based particle
deposition |ay erh&&%a'nrwgrm&@l HRARSHy ! | efindndod rvﬁ@aﬁ it &Ppéf"%s%h or
alloy, or a transition neta conpl ex containing a nefal el emen

pat t er nedpysficlprénetitipiglayer v laytiebighed by Awdsiepperideralivparpeehbaredrdi ng to
claim 13, aéseﬂonnctdh@dmdamc PRsiTB] Rodh 4386, bha EDRiBALRE BdReOfontalithe

copper - ba% partrc e deposition |ayer is ‘any one selected fromthe group
consi sti ngmefal ¢ nnﬁéﬂmpﬂmnW¥ngﬂegﬂp@ﬁ%$nRPéWMpWVm@|ng, screen printing,
transter printifg, . 8fdseta Bk L@ébbn%g%@qn; Ste PLIDE NG sMRLHOShe By fRepser, a
needl e di Spenser, a conmma coater, a slit coater, a die coater, and

gravure cpatide depogiion aya arvlard obtainied gepasitinga phiticle BEEE pregerad bipﬁltxtl@r n
accordi ng, [0 gl nrnr@dﬁ%agrma% tandflon AeGPRASEy, BEL Rhus R Thcii? L&%Ji@ﬂ%nﬁrﬂﬂ er

net al patrern accor {aim 13 heat conducti on

usi ng t hea oopdemenstvaith rpatcﬂ@ rhnwag:@:gmdﬁlr@l Sﬂlocteilcaﬁl Whl]?B thgrcoregart 1‘>1®i“mqbi Otﬁondl ng
mat eri al using the copper netal pattern according to claim13 or 14.
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19. A liquid conposition, conprising: copper oxides, a netallic transition
metal or alloy, or a transition netal conplex containing a netal elenent,
and a solvent having a vapor pressure at 25C of less than 1.34x103 Pa,
wherein the conponents are dispersed such that the average di spersion
particl e giczeetd sSnd@Oshrmpat isl fasis:d @anchphliex ey klwitldegparsid papard,ahe Size is
2 umor le S, t he content of the copper oxides is 1 to 80 parts by vol une
relative tﬂ%l?@bldg%irts by vol une of the total amount of the copper oxides,
the metal Pi c tra@nsichpdmenlith a@brdalgltOyny @ of Hgink r1an s wheedin thetappesbapd ex
cont ai ni ng _gclrrﬁt al. el gnent , and the go(:lfve‘nt. 20. T_h«? I iﬁgui{d. conposi tion
accor di ng t8CIE FEOM ToY Gt BY H CPRRCE PAFREPY TP REE BPIC ISP AN PRI i on
rr?t al co gpkiée(paaﬁceesr @seplesza‘.rioveiélyd By ﬂ@bﬁdirllglslﬁhe:ﬁk éahmkd o hbellig tr@nu@tliomm%st ing
of Cu, Pd, Ni , Ag, Au an , an.alloy containing the netal, and a
Conpl ex Btk ag et gheih oo Re v bRt dien accor di ng
to cl ai m t&tar. 20, wherein as the copper oxides and the netallic transition
nmetal or | oy, ..or the tr ition. netal conplex contai,ning.a netal element,
The 1 1 qui dPcomns8 v ik REp bisSiats EiveS®MRuriy 120 eor i SRuR SRt bsthr o 1
whi ch t hepaacle dgakition Bydrey Aegkr @btainbBEby hanaiifd ORydRbBLINAE a &l @aditibhne
shel | part i§ fairrred of the cegﬂ}ﬁger oxi des. 22. The Iigui%cp )0sSi tion
accor di ng B! ¥18PMCL 8 IgI19p M AP RIF CREMNSAIPEY LBIPRIhE RYT RN IPY el enent
consti t ut esnitisgbid dremrokydrheonsolivepperaRide bitecleont ent of the conplex is
such t hat 1{he j ght of thﬁ metal atons in é e con‘gle is | to 100 when the
t Flaigkildad: ¥

wei ght of ‘the p TGoRpE el ‘%?%Pﬁﬁi@lgtf?]@nyc%]ﬁﬁ aigisit rendgroperiget 23,
The |i qui garcapg®bitibORy&GLOk G BBtaln@d By Rinfad &c o2 ordtlgsedontaiig dppal , the
al I oy contai ning the rTFt al, or the c?nBI ex. cont ai ni the metal element is
in a part Pef %ﬁfg"l?so?‘}ﬁ heoniaating rgalig @S&iogﬁ&faiaaﬂ@% RAVE SR Hum
di sper si oBop#EEL dotladigl Z@et@fclekedin Or | ess, and the surface area of the
particles '&s 0.4 nore relative tgl,fémeg; of the weight of the particles

contai ni n coppéﬁﬂr%sa?i&@ﬁ%mdugi&g SPHR g BIOSIE] BHUSEEHPEFRYS T any one
of cl ai mspdifclt GepdFitioNMAE @biaihRe bEHRBIPLoMEE GRS h tktaBlc 1FARGFRidSdA0r ARS, S Or
| ess. or a transition metal complex containing a metal element, with gaseous formic acid and/or
formaldehyde heated to 120°C or higher.
13. A patterned copper metal pattern obtained by treating a patterned layer by a treatment
method of bringing the patterned layer into contact with gaseous formic acid and/or
formaldehyde heated to 120°C or higher, wherein a copper-based particle deposition layer
containing both copper oxides and a transition metal or alioy, or a fransition metal complex
containing a metal element is patterned by printing.
14. The patterned copper metal pattern according to c¢laim 13, wherein the printing method
used in the patterning of the copper-based particle deposition layer is any one selected from the
group consisting of inkjet printing, super inkjet printing, screen printing, transfer printing, offset
printing and jet printing methods, a dispenser, a needle dispenser, a comima coaler, a siit coater,

a die coater, and a gravure coater.

15. A conductor wiring using the copper metal pattern according to claim 13 or 14,

6. A copper metal bump using the copper metal pattern according to ¢laim 13 or 14,

i7. A heat conduction path using the copper metai pattern according to claim 13 or 14.
18. A bonding material using the copper metal pattern according to claim 13 or 14.

15, A liquid composition, comprising: copper oxides, a metallic (ransition metal or ailoy,
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or a transition metal compliex containing a metal element, and a solvent having a vapor pressure
at 25°C of Jess than 1.34x10° Pa,

wherein the components are dispersed such that the average dispersion particle size is
500 nm or less and the maximum dispersion particle size is 2 pm or less, the content of the
copper oxides is 1 to 80 parts by volume relative to 100 parts by volume of the total amount of
the copper oxides, the metallic transition metal or alloy, or the transition metal complex
containing a metal element, and the solvent.
20. The liquid composition according to claim 19, wherein the transition metal, alloy and
transition metal complex are respectively a metal selected from the group consisting of Cu, Pd,
Pt, Ni, Ag, Au and Rh, an alloy containing the metal, and a complex containing the metal
element.
21. The liquid composition according to claim 19 or 20, wherein as the copper oxides and
the metallic transition metal or alloy, or the transition metal complex containing a metal element,
the liquid composition contains particles having a core/shell structure in which the core part is
formed of the transition metal or alloy and the shell part is formed of the copper oxides.
22. The liquid composition according to claim 19 or 20, wherein the complex containing a
metal element constitutes a solution of the solvent, and the content of the complex is such that
the weight of the metal atoms in the complex is 1 to 100 when the weight of the particles
containing the copper oxides is taken as 100.
23. The liquid composition according to claim 19 or 20, wherein the metal, the alloy
containing the metal, or the complex containing the metal element is in a particulate form, the
particles are dispersed to have a maximum dispersion particle size of 2 pum or less, and the
surface area of the particles is 0.4 m” or more relative to 1 g of the weight of the particles
containing copper oxides.
24, The liquid composition according to any one of claims 19 to 23, wherein the dynamic

viscosity at 25°C is 100 mPa's or less.
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