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. ~Conductive Paste and Conductive Paste Curing Method, Method of 0 FajAN &2
An'_t enna For Radi o Frequency ldentification Medium Errpl oyi ng Conductive
Paste, and Radio frequency ldentification Medium BACKGROUND OF THE
INVENTION 1. Field of the Invention The present invention relates to a
condyctlve paste and a conductive pastle curing nethod, to a nethod of
form ng an antenna for a radio frequency identification medi um enploying
the conductive paste, and to a rSERCIEXARIONCY identification nmedium . 2.
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and el seméeivemn This type of radio frequency identification nedia is forned

conpri si c?p. i Fhveneeali Ng menber, and sandwi ched t her ebet ween
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substr at %8R 't hods ~ whereby a |n-Iayer Is prefornmed on a
"substrat2. ahele-mun@t?tmd, as well as coil bondi ng net hods whereby a

separately fREABG: CPadrd hdRNGREn @hd aubslsphent il qadint ifrgquenkyds
identification media such as so-called non-contact IC cards for
use as ID cards, tags, name tags and the 1ike,.that allow reading
out and writing in of data using read/write devices even at
distances of 4-5 meters. Such non-contact IC cards are disclosed
in Japanese Patent Application Laid-open No. 5-166018, Japanese
Patent Application Laid-open No. 8-216570 and elsewhere. This
type of radio frequency identification media is formed comprising
a substrate and a coating member, and sandw1ched therebetween an ' 
antenna for transmitting and rece1v1ng data ut111z1ng " e
electromagnetic waves as the transmission medium, with an IC chip
having built-in functions allowing writing and storage of the
data, as well as write-over and erasing. '

A radio frequency identification medium, being“typically
just such a non-contact IC card, require§ the antenna connected
to the IC chip to have a thin shape. Methdds employed to form
such antennas include vapor deposition methods whereby a metal is
directly vapor deposited onto a substrate and etching methods
whereby a metal thin-layer is preformed on a substrate and then
etched, as well as coil bonding methods whereby a separately
formed coil is bonded to a substrate, and printing methods

whereby a conductive paste is printed onto a substrate in an




whereby a conductive paste is printed onto a substrate in an 2 antenna
shape to formthe antenna. O these antenna-form ng nethods, the highest
sensitivity thereof is exhibited by antennas forned by netal vapor
deposition nethods. However, when irregularities are present on the
surface of the substrate during vapor deposition of the netal on the
surface of the substrate, the surface condition has a direct influence to
the deposition surface, resulting in irgegularities on the netal vapor
deposition surface. This has led to inconveniences including greater
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of the antenna. .Etching nethads are antenpa-form ng, met hods that. all ow
easy formati gfesfnfrg:&mfaég°£ﬁf‘ﬂ%rf&e?h%%e. %&gpes{; ha§PRAVE Y8 qui r ed
many- pr ocheteéah ist epchiibitleddbyganbennay frmede byesestd, vapat t@epositiar t he
resi St S, n A0th il il GHEN! 10:S0UHLI AN%s bl BULERENOn ! B CXREARIY/®
equi pment _and wor Ki ng envi ronmnent nevitably Tai Ses manufacturing costs.
Anot her ?®dfthe errhftrate surdngi ¥ppan| deposifdompgethrountal opnviRe e i qui ds
gener at egur£ldd EE R @\%@tﬁ!ﬁt_& _eeheﬂgum&sm cfdhEﬁEdﬁh)tl)hlﬁQIt 4 ?Qfléi’sh 1?9 mﬁt hods
are superi in ter of, sensitivity. wever, .wor kabi |l i ref or has
been oL SRR Y S SERPS b1 PP SUBtRR THSPICERY £ LRECIHIASEESR  t he
substraten themetale vapoax depysdtién catfase.i nThivedasnledetdabl y bondi ng
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In addition, the expensive equipment and working environment
inevitably raises manufacturing costs. Another requirement is
safe disposal of the large amounts of waste liquids generated
during the etching step.

Antennas formed by coil bonding methods are superior in
terms of sensitivity. However, workability therefor has been
poor because the metal coil is bonded directly to the surface of
the substrate. There are also many difficulties involved in
reliably bonding metal coils to substrates, and therefore
productivity has been inferior.

In this regard, the printing methods mentioned as above can
easily form any desired shape of antenna by printing techniques,
and they also allow satisfactory workability. Specifically, the
productivity of the various manufacturing steps such as screen
printing of conductive pastes, bonding of IC chips and antennas
and attachment of coating sheets (or film lamination) can be
improved by the performance of the printing machines themselves.

.Currently, conductive layer formation for these antennas and
the like is mostly carried out using thermosetting conductive
pastes that are cured by heat. Such thermosetting conductive



3 pastes usually contain solvents, and the performance is exhibited by
evaporation of the solvent or by evaporation of the solvent coupled with
curing of a binder resin. A phenol resin, polyester resin, or the like is
used as the binder resin. However, conductive |layer formation with
thernosetting conductive pastes requires heating at 150C or above and
treatnment tines on the order of half an hour or longer. The processing
time for formati on of conductive |layer gormation for antennas, etc. is
therefore longer. Furthernore, deterioration of the substrates on which
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substrat gg Liheg y%Fﬁhgaéﬁmnosettlng conductive paste is used,
formation 8 Fﬁ cﬁ?e products results.,in bri{tleness and p%g% gﬁendlng
h
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t he bal ameetéps byppintetimn.as pBSUMYARYtBENTHEL tORNE @llotosetting in
order to improve the conductivity. of the antenna. Thus, once the
photosetting conductive paste has been fixed onto the substrate
by light irradiation, the organic matters are decomposed and
removed by post-heating at 500°C or above to form the conductive
layer. This post-heating is usually carried with an electric
furnace. However, as mentioned above, since heating is carried
out at 500°C or above for the post-heating, only heat resistant
materials such as ceramics can be used for the substrate on which
the conductive iayer is formed of the photosetting conductive
paste. Consequently, materials with poor heat resistance, such
as paper and plastics, are not suitable as the substrates.

Further, when a photosetting conductive paste is uséd,

formation of hard cured products results in brittleness and poor
bending resistance. Also, although the monomers have high
reactivity, there is notable bleed-out after application, and
while their oligomers can soften the cured products, their high
viscosity during application makes it difficult to part them from
plates, and thus it has been difficult to set the balance for

application.



In the light of these circunstances, it is an object of the present
i nvention to renove the occurrence of the deterioration of a substrate due
to heat applied during the manufacturing of the radio frequency
identification nmedium to be capable of enploying a material that has an
i nferior heat resistance as a substrate, and to inprove productivity for
radi o frequency identification mediuns, by providing a conductive paste
and conductive paste curing nethod, a4rethod of formng an antennas for a
radi o, frequency identification nediumenploying the conductive paste, and
a radi o fhfpEENOF HeNTnvERREORN Medi um  which are capabl e of resol ving
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powder i 5° ove- frent hot osettl ng conductive
paste, iforsa m@f@rﬂmm ddenghéieakien ﬁ'@fdflé@i URSRELEFL FR® contains a

m xfure n% &’Jb@{%d&émafxﬁmauﬁha%t fi~ tdriyo rld@ﬁd:.aflaamoﬁrﬁémim, epoxy
resin conbined In a weig rati o_of %ﬁ 10/1:100e Furggfr in the
above- ne%%%rﬁlrﬁ)rﬁﬁ%]ﬁ |°rfg r@&ﬁ&ﬁf&f‘?v’é qrementioped, RroPle that t he
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derivati rvative a an acy |ne 5 oxid
deri vat i geeaten than 244 m{@%eN@@eéuﬁMnI?Ylé-%u&rrééﬁ§téf’¥lng of an

acrylatecﬁggaé%égﬁégﬁwﬂﬂzﬂﬁét G@bia8de! Boprises conductive powder and a
photosétting resin composition in a weight ratio of 50/50 - 95/5,
and the con&uctive powder contains dendritic conductive powder
and scaly conductive powder at 80% or greater of the total
conductive powder, the dendritic conductive powder having a mean
particle size of 0.05-1.0 um, a specific surface area of 0.5-5.0
m?/g and the scaly conductive powder having a mean particle size
of 1.0-10.0 pm and a specific surface area of 0.5-5.0 nf/g,
wherein the weight ratio of the dendritic conductive powder and
scaly conductive powder is 60/40 - 95/5. _

In the above-mentioned photosetting conductive paste, it is
preferred that the photosetting resin composition contains a
mixture of an aromatic sulfonium salt initiator and a non-
aromatic epoxy resin combined in a weight ratio of 0.01/100 -
10/100. | '

Furthermore, in the above-mentioend photosetting conduct;ve
paste, it is preferred that the photosetting resin composition
contains a mixture of at least one selected from the group
consisting of a thioxanthone derivative, a thiobenzophenone

derivative, an anthraquinone derivative and an acylphosphine



wei ght ratio of 0.01/100 - 10/100. Furthernore, in the above-nentioned

phot osetti ng conductive paste, it is preferred that the paste further
eontains at |east one processability of printing/bending ability inprover
selected fromthe group consisting of silica with a specific surface area
of at least 100 nR/g, an apparent specific gravity of no greater than 50
g/l and a nean primary particle size of no greater than 30 nm a saturated
pol yester resin with a softening tenpergture of 100C or bel ow and a nunber
aver age nol ecul ar wei ght of 1000- 50,000, a poly-vinyl ether resin with a
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trichl or prgt hyt -(3@ oI ®edBaphbahy! A - @héﬁéﬁ'ﬂé%lnzwétlh a softenlng
érthLgfﬁﬁﬁ% 1ﬂ§%ht éﬁﬁ&éeP Iéﬁé ?L:Lﬁé:nea Lﬁ??gyasgect of the present
i nvention is A ceqmulicgpextcofidbbei prepast cloleatdoneiszed pyotebdé aa ni ng
0.2-5 Wtpoﬁotosetting conductive paste comprising silver powder, a
photoreactive resin and at least one compound selected from the
group consisting of a photosetting initiator and a
photosensitizing agent, wherein the compound has a light
absorption maximum in a wavelength range of 300-450 nm.

It is preferred that the photoreactive resin is at least one
compound selected from the group consisting of an acrylate
compound and a methacrylate compound.

Furthermore, the photoreactive resin may be at least one
compound selected from the group consisting of an alicyclic epoxy
compound, an oxetane compound, an alkene oxide compound, a
glycidyl ether compound and a vinyl ether compound.

In the above-mentioned photosetting conductive paste, it is
preferred that as the photosetting initiator or photosensitizing
agent is used at least one selected from the group consisting of
[4-methylphenylthiolphenyl] phenylmethanone, ethyl anthraquinone,
2,4-diethylthioxanthone, 2-chlorothioxanthone, 2-benzyl-2-
dimethylamino-1- (4-morpholinophenyl)-1-butanone, 2,4-

- trichloromethyl- (4'-methoxynaphthyl)-6-triazine, 2,4-
trichlorométhyl-(4'—methoxystyryl)-6—triazine, iscamyl p-



of a adhesive resin with a glass transition point (Tg) of OC or belowin
terms of solid weight. Here, the adhesive resin may preferably be at | east
one selected fromthe group consisting of polyvinyl ether and

pol ybut adi ene. Furthernore, the conductive paste nmay contain a volatile
solvent. A fourth aspect of the present invention is to provide a
conductive paste curing nethod characterized in that an ultraviolet
irradiation lanmp with infrared ray em ssion is used as a light source, and
a conductive paste is irradiated with |ight fromsaid |ight source for

curing. dimethynlamiboyenZehbedandhsetyidyi ol et irradiation lanp may
preferably bg, amr(l one sehgcaed frome%gt)ng%a netal halide |anp, a
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ont o saipa&spei magdcoatinfince vayapibf evaihtenthe near-infrared rays. A sixth
t of th t t] ' i.d .neth f form
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antenna for a radio freguenc ica an IC
chi p an@onHEckivenrasteheunindoeethashwhagiangerheedt pstldt auri nti ng any one
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substrate on .V\ﬂitch the 1C Chi; I's mounted; and curlng the conductive
paste. ASs8vaAPRTa8BUEEeof 2P FAFE 1viey BABEB N1 si¥kRradEcd@idh met hod of
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with an I C chip d , J.he tenna, 7. being. an antenna conpri sing
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menber, high-peebedre CATBENSY NMarkd)e L RS xBhonf PAAHNY said main antenna.
menber by In addition, a fifth aspect of the present invention is to
provide a method of forming an antenna for a radio frequency
identification medium provided with an IC chip and the antenna,
said method comprising the steps of: printing a thermosetting
conductive paste in a pattern with a shape of the antenna on a
surface of a substrate on which the IC chip is mounted; and
irradiating the printed surface of the thermosetting conductive
paste with infrared rays to cure the thermosetting conductive
paste. Here, the infrared rays irradiated onto said printed
surface may preferably be near-infrared rays.

A sixth aspect of the present invention is to provide a
method of forming an antenna for a radio frequency identification
medium provided with an IC chip and the antenna, the method
comprising the steps of: printing any one of the above-mentioned
conductive paste in an antenna-shaped pattern on a substrate on
which the IC chip is mounted; and curing the conductive paste:

A seventh aspect of the present invention is to provide a
method of forming an antenna for a radio frequency identification
medium provided with an IC chip and the antenna, the antenna



printing with any one of the above-nentioned conductive paste on a
substrate for nounting an I C chip; curing the conductive paste; printing
an insulating material conprising an epoxy-based wultraviolet curing resin
and insulating inorganic fine particles onto prescribed sites for the
crossing wire section; curing the insulating material by ultraviolet
irradiation; formng the crossing wire section onto the cured insulating
material in connection with one end of 7the nmain antenna nenber by printing
with any one of the above-nentioned conductive paste; and curing the

conduct i }ég%ggséﬁ aﬂeﬂgm&ﬁpﬁ% af cbﬂgear:e@ﬁntanmm imembles fodpaovi de a

nmet hod o a multi-layered circuit for_a radio n
i denti fi @éPFéhnﬁeﬂ%ﬁ% ’p?‘b‘?/’r?}é(f’vﬁweﬁln FECZRi B 4h aéﬁ?%%%%a%mbﬁr 2t hod

conpri si ngﬁeétﬂenoﬁlﬂbteﬂiélaérﬁi yofl a:hnenmanngaatenna:unetmbeafndt@ﬁ rasbPdt i ng
| ayer on a su strat {%%?rjnl t]? EQHI |-I gg%eﬂalﬁlgmﬁna Hem®e rebi/her or
atin
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may preferabbyePayve forfMoeht My Gin a %lftl’-lgﬂnaurl?n@'ﬂfﬂiEh mnhmtwb Phste;
present invention is to provide a r.a frequency |d #}% don medi um
char act eP*A8§1Bg ARVIRFULALIRE RAGSF E‘Qrbﬁl%g it T ered circuit

formed U%ﬂl&&abheleabeuelﬁﬁnie@nechﬂwI:tnsdlamngdmommic s mpntdicies. A
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above- nenti o Iconductive paste _on one side of a et-Ikl) ke Sl%bcsltn te, as
"a symet M%’éﬂecﬁ&PPeWﬁthpB‘éFt PRt s’i’?ﬁré‘laﬁncéf“ltflnﬁ?o'ﬂ S oY g et i on
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one of the antenna OB grmad sides; and folding the substrate at the
f ol di ng stélﬁlc(?ﬁdé“(?ttlﬁ&t BR&®ant enna | oops are on the inside to attach and
join the matchinngighténaapecbpsf Fue tpwssente inygngieneh® htASPRNIWT & he

present Ir“”ﬂgd %& E%rm;ng a multi-layered circuit for a radio frequency
jdentification medium provided with an IC chip and an antenna,
the method comprising a step of alternately laminating a circuit
and an insulating layer on a substrate to form the multi-layered
circuit.

Here, either or both of the circuit and insulating layer may _'

preferably be formed by printing with a photosetting paste. T
Furthermore, the multi-layered circuit may preferably have a

function of an antenna.
A ninth aspect of the present invention is to provide a

radio frequency identification medium characterized by having an
IC chip mounted on a multi-layered circuit formed using the
above-mentioned multi-layered circuit forming method.

A tenth aspect of the present invention is to provide a
ﬁethod of forming an antenna for a radio frequency identification
medium provided with an IC chip and the antenna, the method
comprising the steps of: providing a pair of antenna loops formed
by printing with any one of the above-mentioned conductive paste
on one side of a sheet-like substrate, as a symmetricallpattern

positioned symmetrically around a folding section formed on the



to provide an I C chip nounting nethod for nmounting an IC chip onto a
circuit on a substrate, the nmethod conprising the steps of: formng a
gircuit on the substrate on which the IC chip is to be situated, by
printing with any one of the above-nentioned conductive paste; curing the
conductive paste; form ng connecting sections with termnals of the IC
chip on the substrate by printing with a conductive adhesive substance;
form ng insulating sections in the moynting position of the IC chip on the
substrate by printing with an insulating adhesive substance; placing the
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Fig. 7 @éﬁdd}é U el ﬁBuﬁhﬁ? ﬁ&@f@i@n Q;f Qﬂﬁeaﬁteﬁﬁip bAr thaosuBs thate
according to the present invenfion, an_il ustration of the

ant enna R Hawh Wistrea 186861”‘8{“&% "%‘?)t“ﬁ?é’eprsé‘?éﬁf’n?ﬁv& g the IC

chip at the mounting position; and thermo-compression bonding
from above the IC chip for mounting. _

These and other objects and advantages of the present
invention will become clear from the folloﬁing description with

reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph-showing reflectance of a silver vapor
deposition surface at different wavelengths.

Fig. 2 is a graph showing absorptance of a conductive paste
in different wavelength regions in comparison to a free sheet.

Fig. 3 is a graph showing surface resistance values with
respect to power consumption per unit area of a cured conductive
paste, for a case where an infrared irradiation lamp was used and
a case where an ultraviolet irradiation lamp was used as the
light source.

Fig. 4 is an explanatory drawing of a substrate supporting
an antenna formed according to the present invention.

Figs. 5(aA), 5(B), 5(C), 5(D), 5(E) and S5(F) are
illustrations of a process for formation of an antenna according

to the present invention.



Fig. 9 is a cross-sectional illustration of a part of antenna forned
according to-the present invention. Fig. 10 is a cross-sectional
illustration of a bent section of the antenna formed according to the
present invention. Figs. 11(A), 11(B), 11(C, 11(D) and 11(E) are

Il lustrations of an exanple of mounting an I C chip according to the
present invention. Figs. 12(a), 12(B), 12(C, 12(D) and 12(E) are
illustrations of the nounting steps ag viewed through a cross-section of
the IC chip nmounting position by the method according to the present
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Figs. 12(a), 12(B), 12(c), 12(D) and 12(E) are illustrations

of the mounting steps as viewed through a cross-section of the IC
chip mounting position by the method according to the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
<<Conductive pasté>>
First embodiment

The first embodiment of conductive paste according to the
invention is a photosetting conductive paste comprising
conductive powder (Al) and a photosetting resin composition (Bl)
as essential components.

The conductive powder (Al) is most preferably 511ver powder.
Also, for control of the resistance value and solder consumption,
a conductive powder of metal other than silver, such as gold,
platinum, palladium, rhodium or the like may be added.

The conductive powder (Al) used may also be a mixture of two
or more different powders with different properties including
mean particle size, specific surface area and tap density, in
order to satisfactorily control the printing property.
Preferably (1) a dendritic conductive powder (Al-1) and (2) a



preferably a conbination of the dendritic conductive powder (A - |) and the
scaly or flaky conductive powder (Al-2) in a weight ratio of 60/40 - 95/5,
constituting at |east 80% of the total conductive powder. In order to

i nprove conpatibility with the organic conposition in the paste containing
t he conductive powder (Al) and to inprove the dispersability of the
conductive powder in the paste, the conductive powder is preferably

subj ected to surface treatnent elther*ﬂurlng t he production steps or after
production of the conductive powder e surface treatnent agent used may
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paste, the conductive powder is preferably subjected to surface
treatment either during the production steps or after production
of the conductive powder. The surface treatment agent used may -
be a surfactant or another organic compound.

The photosetting resin composition (B1) comprisee, as
essential components, (1) a photosetting initiator (Bl-1) that

, generates free radical active species or cationic active species
upon light irradiation, and (2) a photoreactive resin (B1-2) with
a functional group that reacts with these active species, in
combination at a weight ratio of 0.01/100 - 10/100.

The photosetting initiator (Bl-1) used may be a publicly
known one; preferred initiators that generate free radical active
species are benzophenone derivatives, thioxanthone derivatives,
anthraquinone derivatives, trichloromethyltriazine derivatives,
acylphosphine oxide derivatives, a-hydroxyketone derivatives, .o-
aminoketone derivatives, benzoin derivatives, benzylketal
derivatives, acridine derivatives, carbazol/phenone derivatives,
and combinations thereof, and preferred initiators that generate

cationic-active species are aromatic sulfonium salt compounds,



kneading with the conductive powder and the printing properties of the
paste, but 10-2000 nPas (cpoise) is nore preferred. For *control of the
reactivity it is preferred to add a photosensitizing agent, for exanple a
phenot hi azi ne derivative, a xanthone derivative, a thioxanthone
derivative, an am nobenzoic acid derivative, a polycyclic aromatic
conpound such as anthracene, phenanthrene or perylene, or a conbination
thereof, or a reaction aid such as a hydroxy conpound, am no conpound or
the like. Here, it is preferably added at 0.01-100% w th respect to the
wei ght Oér&&etmgqqto%%?ﬁnngal@' LbapSlindPlmlb) cokbenveighs tiéteodf the
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anthracene, phenanthrene or perylene, or a combination thereof,

or a reaction aid such as a hydroxy compound, amino compound or
the like. Here, it is preferably added at 0.01-100% with respect
to the weight of the photosetting initiator (Bl;l).

The weight ratio of the conductive powder (Al) and the
photosetting resin composition (Bl) . is preferably 50/50 - 95/5,
and more preferably 55/45 - 90/10.

So long as the photosetting properties of the photosetting
conductive paste according to the first embodiment of the
invention are not impaired, there may be added publicly known
components such as silica, alumina, mica, carbon powder, pigments,
dyes, polymerization terminators, thickeners, thixotropic agents,
suspending agents, antioxidants, dispersants, resins, organic
solvents and the like. These are preferably added in a total
amount of no more than 35% with respect to the total weight of
the conductive powder (Al) and the photosetting resin composition
(B1). | |

The rgsin.(hereunder referred to as the resin (C)) that can
be added to the photosetting conductive paste according to the



ket one, polyethylene tetrafluoride, silicone resins, etc. These may be
used al one or in conbinations of two or nore. The sol vent (hereunder.
referred to as the solvent (D)) that can be added to the photosetting
conductive paste according to the first enbodi nent of the invention nmay be
a publicly known one. However, in order to avoid residue in the system
after the curing reaction, it preferably has a boiling point of no higher
than 250C. Exanpl es include hydrocarbep sol vents such as tol uene,

cycl ohexane, methyl cycl ohexane, n-hexane and pentane; alcohols such as
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|nC|udlqng0%¥Q| ;ﬁgidggcgo avoid residue in the system after the curing
reaction, it preferably has a boiling point of no higher than
250°C. Examples include hydrocarbon solvents such as toluene,
cyclohexane, methylcyclohexane, n-hexane and pentane; alcohols
such as isopropyl alcohol and butyl alcohol; ketones such as
cyclohexanone, methyl ethyl ketone, methyl isobutyl ketone,
diethyl ketone and isophorone; esters such as ethyl acetate,
propyl acetate and butyl acetate; glycol monoethers and their
acetates, such as ethyleneglycol monomethyl ether,
propyleneglycol monoethyl ether, diethyleneglycol monomethyl
ether and 3-methoxy—3-methylbutyl acetate; as well as mixed
solvents comprising two or more of these.

Preparation of the photosetting conductive paste according
to the first embodiment of the invention includes, but is not
limited to, a method whereby the aforementioned mixture is
uniformly agitated with a homogenizer or other type of stirref,
and then evenly dispersed with a kneading machine such as a
triple roll or a kneader. '

The viscosity of the photosetting conductive paste according



as pol yet hyl ene and pol ypropyl ene; polyesters such as polyethyl ene

t erepht hal at e, pol ybutyl ene terephthal ate, polyethyl ene naphthal ate and
pol yal |l yl ate; and pol yi mi des, pol yani des, polyether am des, polyim de

am des, polyacetals, polyether sulfone, polyether ether ketone,

pol ysul fone, acrylonitrile-butadi ene-styrene copol yner, polyvinyl

chloride, silicone rubber, natural rubber, synthetic rubber, etc. For

i nproved processability of printing angsfixability on the surface of these
substrates, it may be subjected to chem cal treatnment such as coupling
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the paste. A preferred printing thickness is 5-100 pm and a nore .
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' polyether sulfone, polyether ether ketone, polysulfone,
acrylonitrile-butadiene-styrene copolymer, polyvinyl chloride,
silicone rubber, natural rubber, synthetic rubber, etc. For
improved processability of printing and fixability on the surface
of these substrates, it may be subjected to chemical treatment -

such as coupling agent treatment or brimer treatment, or to o
physical treatment such as corona discharge treatment, plasma
treatment, ultraviolet treatment or polishing treatment.

_ To obtain a sheet when the photosetting conductive paste
according to the first embodiment of the invention is used to
form a pattern as a conductive layer on the substrate, it is
usually applied by a screen printing method. The printing
thickness can be optionally controlled as desired by changing the
material of the screen (polyester, polyamide or stainless steel),
the mesh and tension, and the viscosity of the paste. A )
preferred printing thickness is 5-100 um, and a more preferred
printing thickness is 10-80 um.

The light source for curing of the photosetting conductive
paste according to the first embodiment of the invention méy be a




rel ease and elimnation facilities. For further inproved properties after
curing, the substrate nay also be subjected to heat treatnment by oven
Heating, hot air blowng, infrared rays or microwave irradiation before
the light irradiation, after the light irradiation or simultaneously with
the light irradiation, so long as it does not, cause any notable
deterioration such as coloration, heat shrinkage, softening, brittleness or
carboni zation. To prevent deteriorationgof the substrate the heating
tenperature is preferably no higher than 150C, and the heating tine is
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5. 5 - - - -The ZnteA®@itySof the 1lght soubided2af® Bs-preferaiy at- -

Tri azi ”elzfal\ﬁ g,{ m,” aQ:dSmore prggﬁ%%af &eést 8& W/cm!-UC,}gHg 'lI)'>|:/>oW-e| éhi)

[Photore&ﬁﬁqkﬂ§1W@SﬂW§F required for photosetting is preferably 100-
) 50,000 mJ/cm’, and more preferably 500- -10,000 mJ/cm? in a

wavelength range of 300-500 nm. .For removal of the volatile

components during irradiation it is preferred to juxtapose air
release and elimination facilities.

For further improved properties after curing, the substrate
may also be subjected to heat treatment by oven heating, hot air
blowing, infrared rays or microwave irradiation before the light
irradiation, after the light irradiation or simultaneously with
the light irradiation, so long as it does not cause any notable
deterioration such as coloration, heat shrinkage, softening,
brittleness or carbonization. To prevent deterioration of the
substrate the heating temperature is preferably no higher than
150°C, and the heating time is preferably within 15 minutes.

Examples will now be provided to explain preparation of
photosetting conductive pastes according to the first embodiment
and their pattern printing and photosetting.

’

Preparation of photosetting conductive pastes

Examples 1-18 (Preparation of photosetting resin compositions)
The compositions listed in Table 1 and Table 2 were mixed

and stirred for at least 30 minutes at room temperature while

blocked from light to obtain uniform mixtures as photosetting

resin compositions to be included in photosetting conductive

rastes for the invention.



M 240: Aroni x M 240 (pol yethyl ene glycol
KK. M 360: Aronix M 360 (trinethyl ol propane et hyl ene oxi de-nodified

Cosei ,
triacrylate),

product of Toa Cosei,
et hyl ene oxi de-nodified . acrylate),
[ Photoinitiators (Photosetting initiators)]

di acryl ate),

produet of

Toa

KK. M 110: Aronix M 110 (p-cunyl phenol
KK.
BMS: . Kayacure BMS

product of Toa Cosei,

([ 4- met hyl phenyl t hi o) phenyl ] phenyl net hanone), product of N hon Kayaku,

KK., 2-EAQ Kayacure 2-EAQ (et hyI ant h]rlgqui none), product of N hon Kayaku,
KK., Triazine A. TRIAZINE B (2,4-trichloronethyl-(4"-nmethoxynaphthyl) -
6-tri azi a%o’l pgeduct of PANCHI M SA, Triazine PMS: TRI AZI NE PM5

(2,4-tr 2o thyl -(4' - nethox B-g e t—etPANCH M
SA KTpBBampIRCURE KTOME [(n2xilird of 244 J6- Bri 1 98 o I )

di pheny{#h@sphi ne oxi Heto®I[i 400[ b- hyd]oxy- 2 #80nhy119d [|41p9-| 100 | 100

met hyl vIRYBEBNENYT ] p[ opang] and] iyl henzlophenpne_dgrivat|ve), | p~odjct
of Lanbe . Foetft-r—the: .Lu.alllll TS IL,4,G tr-T1 ..]ILU)Ii .

di pheny %g%ﬁl ne oxi ey droduc) of ]LEEO(' — 16 1-4d19-" 1| 'g;‘nrn 910
(bi s(2, }BESt ri pet hyl bpnAyl]) phehylBhdsphi ne —ox{ dey, lprodukt of |G ta
Speci al -ﬁngm cal Co| [Phqtosengi t+ zi{ng—ageny . |Kayacpr e- DYBI —

i soa rgtartrrote t : } £ K Tabr 2
(Exanp{rﬁ AL {5 '12”%‘7"18—*’&‘5% RN TN R I R
KS-87. 1 -Tr;a-zn-‘elﬁﬁs- = | UIR-p105 - L — 10> -7 i horend diox] de -
- - - -|KT0@6 - - WI1D0O— - -— —_- 10G-XDO —-} 1 -|-—- 15 —SP} 170
= ° 7 " |Ludirin POV OQ - |- ]S 3 L) — - - 2 -

! I-819 -1 -1T-1T-1-1-1-1- 2
DMBI 2 2 2 2 - — —_ —_ —

(parts by weight)

[Photoreactive resins]

M-240: Aronix M-240 (polyethylene glycol diacrylate), product of
Toa Gosei, KK.

M-360: Aronix M-360 (trimethylolpropane ethylene oxide-modified
triacrylate), product of Toa Gosei, KK.
-M-110: Aronix M-110 (p-cumylphenol ethylene oxide-modified
acrylate), product of Toa Gosei, KK.

[Photoinitiators (Photosetting initiators)]

BMS: Kayacure BMS ([4-methylphenylthio)phenyl] phenylmethanone),
KK.,
2-EAQ: Kayacure 2-EAQ (ethyl anthraquinone), product of Nihon
Kayaku, KK., :
Triazine A: TRIAZINE B (2,4-trichloromethyl- (4'-methoxynaphthyl)-
6-triazine), product of PANCHIM SA,
Triazine PMS: TRIAZINE PMS (2,4-trichloromethyl-(4'-
methoxystyryl)-6-triazine), product of PANCHIM SA,
KTO46: ESACURE KTO 46 (mixture of 2,4,6-trimethylbenzoyl
oligo [2-hydroxy-2-methyl-1-[4-(1-
methylvinyl)phenyl] propane] and methylbenzophenone derivative)}

product of Nihon Kayaku,

diphenylphosphine oxide,

product of Lamberti Co.,
Lucirin TPO: Lucirin TPO (2,4,6-trimethylbenzoyl
diphenylphosphine oxide), product of BASF Co.,



9- cyanoant hracene - 0.5 - - - - - - - phenanthrene - - 0.5 - - - - - -
phenot hi azine - - - 0.5 - - - - - (parts by weight) [Photoreactive resins]

KS- 800: Adekaoptoner KS-800 (mixture of epoxy resin and aromatic sul fonium
"salt conpound), product of Asahi Denka Kogyo, KK., KS-871: Adekaoptoner
KS-871 (m xture of epoxy resin and aromatic sulfoniumsalt conpound),
product of Asahi Denka Kogyo, KK., UVR-6105: CYRACURE WR-6105 (3,

4- . epoxycycl ohexyl met hyl - 3, 4- epoxycyclghexyl carboxylate), product of

Uni on Carbide Co. Linonene dioxide: Linonene dioxide (1-nethyl-4-(2-

met hyl oxrcgnyt ) | ofyé.« (&, Q] he r aduct. ,of _El f t ochem Co. ,
W 100: Ri kar esi nz%v%’g%é ?ylf%-j{]bg')?a(#égi'gl 95?‘3?‘\}‘@( yﬁnzﬁyﬁérf}‘eﬁﬁ'&ﬂ gpphgpe

Shi nni hoR*EARL, RECAuSiH T Q3D Spechpdts- Chémical3Coxet anyl met hoxy) met hyl |
benzene) [Photoskewsitiznp dgeari), KK [Photoinitiators (Photosetting
initiato . SP-170: A pt.omer SP-170 (aromatic sul fonium salt
conpoundg)@%br%g%%%&%? i (150ARY L kBgS e Ky Laminobenzeg te Adekaogtoheo£P- 66
(ar omat i Bikew fRayakn . s#HK. conpound), product of Asahi Denka Kogyo, KK.
Exanpl es[d@s RO Sonpositions A B, C and D as conductive powder were

obt ai ned E- 20 and Silvest TCG 7 silver powders, both by
Tokur i Ki KK at 80/39 3w )12 9p/I0 j(w4/ Vit 15 |83k1F awt fwap gnd
75/ 25 (W8P0 Conposi ti on| R0Rak 166t piteed BOri xind SLT Jest & TB5 ]
Si1vest |RSG871si | ver powdef hy ONMLE, 1de<|. at[7or2 The
o ] | ndugti ve

resin cQRRASIenio8TS Obtar e
' gor tli ons {32 4s by |wet gt - shown

powder s H e

n Tabl d& e dioxide, | her qubje¢t ed fada §h-shear—

kneadi n¢ WnlO® a kneader, [o-obfain SeLTIINg_CPNMIUTYI T Ve VagF+ —
XDo - - — — - — - - 15
SP-170 . - —_ —_ — — 3 3 3 1
CP-66 —_ — — - — 3 3 3 1
9-cyanoanthracene — 0.5 — — — — - —
Phenanthrene - — 0.5 - - - —_ —
phenothiazine - -— —_ 0.5 —_ —_— — —

(parts by weight)
[Photoreactive resins]

KS-800: Adekaoptomer KS-800 (mixture of epoxy resin and aromatic

sulfonium salt compound), product of Asahi Denka Kogyo, KK.,

KS-871: Adekaoptomer KS-871 (mixture of epoxy resin and aromatic
) sulfonium salt compound), product of Asahi Denka Kogyo, KK.,

UVR-6105: CYRACURE UVR-6105 (3,4—epoxycyclohexylmethyl—3,4—

epoxycyclohexyl carboxylate), product of Union Carbide Co.

Limonene dioxide: Limonene dioxide (1-methyl-4- (2-

methy}oxiranyl)-7—oxabicyclo[4,1,0]heptane), product of E1f

Atochem Co.,

W-100: Rikaresin W-100 (1, 6-hexanediol diglycidyl ether), product
of Shinnihon Rika, KK.

!
XDO: XDO (1,4-bis[3-ethy1—3—oxetanylmethoxy)methyl] benzene),
product of Toa Gosei, KK. .

[Photoinitiators (Photosetting initiators)])

SP-170: Adekaoptomer SP-170 (aromatic sulfonium salt compound) ,
product of Asahi Denka Kogyo, KK

b



These photosetting conductive pastes were used to make sheets by screen
pr?ntlgg onto subgtrates inalmwdth x 1 m length pattern with a f
screen plate having a 180 nmesh and capable of printing in a thlcknessho
15 pm The printing thickness of the printed |ayer was about 15 pm The
paper used as the substrate was NPI-55 by N ppon Seishi, KK The -

pol yethyl ene terephthal ate filmused was Lumra S, by Toray, KK e
curing reaction was carried out by irragdiation for 6 seconds in a
conveyor-type irradi ati on apparatus, using as the |ight source a

1 9h1 forlk¥im Aa 80 MGETLLE; Exanpl es
gbgglpr:EBngngfzzzzgﬁ%frﬁ)%%253 q?ﬁggﬁeggutput of 4 m/at%@% w& szor.
Exanpl es®32° 50 aQ%ﬁ%ﬂl &PF¥Or of¥: the cumul ative light amount in a
wavel ength range of 300-500 nm corresponds to about 2500 mJ/cn2 for the
hi gh- pregguS1edefg8y | anp and about 5000 mJ/cn2 for the netal halide
| anp. For the_ exanples that enployed solvents, the pattern-printed
substrate wasCOMPQES takans At B.| CghndaPt as bendur v wesdee wbaad hfor 5
m nut es omménﬁkdﬁﬁy(ﬁEXEﬁﬁ siQQfest1g-2bo H@t§$d6%é¥ﬂfﬁaiq %gogpzzgg%ﬂégﬁs

softening, brittleness or car
?gtg(rjalt Inog%h 53 ‘ﬁg‘r I’Qi%g{e rdeds %edga?h%oézﬁf@ﬂdwrtéw 904mee (wadwtlkt er ni ned
by applyﬁﬁtﬁii(ii/MWOIEagb?&ddsnﬁasth?g t he res;stanCﬁ ngﬁgf?eﬁhaeﬁgo ends
ce resis e he
measur patt%&nﬁéﬁrl&urﬁ W %B%a?iér FHRNE P 1YPatRoah YAThTabl es 3

d in the sane manner as abo
gﬁgszre[%i;]dfeests]mér&m%vs@ powggrznyzsomm Hon2én28KRY, 38t 315/25

Photoset(w&Kwﬁi&anple 1 3520 35 - - - - - - - resin Exanple 2 - - -
40 - - HRPS't'Qn Exa Ie 3 - - - -40 - - - _
Exarrpl e 4 . The rez?d“z& positions o ¢ im Exggples 1 to- liExvaeupé €6 - 45

- - - mixed with conductive powders and different solvents in the
proportions (parts by weight) shown in Tables 3 and 4 using a
stirrer, and then subjected to high-shear kneading with a knéader,
to obtain photosetting conductive pastes.

These photosetting conductive pastes were used to make
sheets by screen printing onto substrates in a lmm width x 1 m
length pattern with a screen plate having a 180 mesh and capable
of printing in a thickness of 15 pm. The printing thickness of
the printed layer was about 15 pm.

The paper used as the substrate was NPI-55 by Nippon Seishi,
KK. The polyethylene terephthalate film used was Lumira S, by
Toray, KK.

The curing reaction was carried out by irradiation for 6
seconds in a conveyor-type irradiation Apparatus, using as the
light source a high-pressure mercury lamp with an output of 4 kw
at 80 w/cm for Examples 19-31, and a metal halide lamp with an
output of 4 kw at 80 w/cm for Examples 32-50. Under these
conditions, the cumulative light amount in a wavelength range of
300-500 nm corresponds to about 2500 mJ/cm® for the high-pressure
mercury lamp and about 5000 mJ/cm? for the metal halide lamp.

For the examples that employed solvents, the pattern-printed
substrate was irradiated with light after being allowed to stand
for 5 minutes in a draft oven at 100°C.



Example 7 45 20 - - Exanple 8 - - - - - - - - - - - 45 - Exanple 9 45

Conductive Conposition A65 70 - - - - 70 - - - 70 - - powder Corrp05|t|on B
-~ - 6560 60 . 60 - 55 55 55 - 55 55 Solvent |sophorone - - - -
- - - carbitol -2----2---2- - acetate butyl - 3 - - - - 3- - -

- 3- - cellosolve cellosolve - 5- - - - 5- - - 5- - acetate Surface
paper substrte 150 112 127 100 186 167 95 156 E1119 110 75 137 123
resistance mO /sq. PET substrate 180 433 - - - 191 132 - - 190 - - nR /sq.

Remar ks: The |ight source used was an 80 Wcm hi gh-pressure nercury |anp

(uith ozone)ye 1ohe Tl ALHO L EXBLE 2 IAGH 35nTOndlx B 3oMld] 42

43 Phot osetti ng le 10 40 40 40 40 40 20 - - resin arrpl e
011 - - Softenlng,zh;lttleRQ§§nﬁ5sF@FBﬁnE&%ﬁﬁﬂq;WE? found in_any._of thegg _
Exanpl esdBstrates -used. - - - - 45 - Exarrple 14 - - - - - - - - - - - 45
g:gg:: i‘? _The surface re51stance wgﬁa rﬁzg'xe_d _by_ a:ppiy_in_g a_t I_DC_ : i

Conductvubtfgmmsd tmemstﬂr:ﬁ'@; the resls’ﬂaﬂcﬂe Hetween thepmwdeend:an»f)stme on 8 -

60 - %mcg n 6 sition D -
s 60 pattern after %}S)O(tstlhgl SgrEace Pes:Lstbaéxc_e '_he_re%gaggegglggg Sol vent

| sophorBa@sured -in the same manner. agabeye) - - The results_are_shown._in
Tables 3 and 4.

[Table 3]

:::xanple 19 | 20 J 21 J 22 ] 23 | 28 | 25 [ 26 | 27 | 28 | 29 [ 30 | 31
_ Photosetting ] Example 1 35 20 35 - - - - - - - - -
! resin Example 2 -l =Tl =11 =T -1 =-1T=-1T-1T-71=

composition -
Example 3 -— . -_ - 40 - - - - — —_ - —
 Example 4 - | -1 =-1-1T={awf2o[]~-IT-1-1<-1T=1T1=<
—Exanple 5 - - - - — - - 45 - — . — -
Example§ - - —_ - - —_ —_— —_ 45 -— - — —
Example 7 - - — - —_ — -_ - -— 45 20 -— —
Example 8 — - - - - — - —_ —_ - — 45 —
Example 9 — — - —_ — — —_ —_— —- - — — 45
Conductive Composition A 6] 70| =] =1 =f=Fl <1 =TT -1-=
povder Composition B — ] — 65 | 60] o 60] —155]55]|5101 13551855
Solvent Isophorone — - - - - - - - — — - —_
! carbitel - 2 - - - - 2 - - - 2 - -
acetate
butyl - 3 —_ - -— — 3. —_— - _ 3 —_ —
cellosolve
cellosolve - 5 - - - - 5 -— - - 5 - —_
acetate
Surface Paper substrte 150 [ 112 [ 127|100 ] 186 | 167 | 95 | 156 | 119 | 110 [ 75 | 137 | 123
resistance nl /sq. .
[ PET substrate 180 {133 — | — [ — (191 [ 132 — — | - [0 - -
nf} /sq.

Remarks: The light source used was an 80 W/cm high-pressure
mercury lamp (with ozone).



acetate butyl - - - - - - 35- - - - cellosolve cellosolve - - - - - 55 -
- - - - acetate Surface paper substrate 73 105 81 103 86 55 49 40 81 80 129
80 resistance nD /sqg. PET substrate 130 190 165 - - 95 90 101 168 152 -
125 no /sq. (2/2) Exanple 44 45 46 47 48 49 50 Photosetting Exanple 10 -
- - - resin Exanple 11 - - - - - - canposition Exanple 12 - - - - -
- Exanple 13 - - - - - - - Exanple 14 Exanple 15 40 - - V20 Exanple 16 -
35 40 20 - Exanple 17 - - 40 - Exale 189- - - 40 Conductive Cbnp05|t|on A
65 60 70 60 60 powder Conposition 8 - - - - Conposition C- - - - - -
Conp05|t|§¥hqge 411/12]- - - Conposition E60 - - - - - - Solvent Isophorone

- But vl -l |
| I2 Ca:’ ac‘%‘&tﬁ? Y 6 | 37 39 4Q,F°ﬁn 327 43
cel l oso Eid 25 1730 1725 i Bl

resi st ar 39 - 45|u_/>q_ =
Remar ks: T-Wps- gn-gp W[CHm - s W=
ozone). -

- - - - - - - - - - - 45

povder Composition B —fteol-1-=-1-=1= = pay - - 1T =

— Solvent Isophorone - - - - - - 2 - - - -

butyl - - - — - - 3 5 - — — —
cellosolve
cellosolve -_— - Py - — 5 5 —_ —_ — —_ —
acetate
Surface paper substrate 73 105 81 103 86 55 a9 40 81 80 129 | 80
resistance mfd /sq.
DET substrate 130 | 190 [ 165 ] — | — | 95 ] 90 | 101 ] 168 | 152 | — | 125
nf /sq.

(2/2)

:E;ample 4d | 45 | 46
Photosetting | Example 10 - - -
resin s Example 11 — — —
composition Example 12 - — -
_E-!xuple 13 - - - — - — -
Example 14 ~ 1 -1 —1Tr—"T—"1T—1T"
Example 15 0 | — - = = py -
Example 16 — | 33 0fz20)201 -1 -
} Example 17 poy — - - — | 40 —
R Example 18 — - — —_ . — 40
Conductive Composition A - | 656 [ 60 | 70 | 70 | 60 [ 60
powdex Composition B - - — pan = = -
Composition C - - - — - — -
Composition D - [ - - -
Composition E 60 p - - pa

Solvent Iscphorone - -} - fF - -] -2 i -
carbitol — — - 5 -

acetate

butyl — — - - 3 — -
cellosolve

cellosolve - - — 5 5 - -
acetate

Surface Paper substrate 57 | 46 ] 55 [ 32 | 29 | 57 [ 57
resistance mnQ /sq.
PET substrate ’ 131 | 103 | 107 95 90 183 | 143
nll/sq.

[ -3
|
&
0|
&
[}
o
o

Remarks: The light source used was an 80 W/cm metal halide lamp (with o.zone).



[Effect] According to the invention there is no need for the sintering
step which has been essential for conductive pastes subjected to

‘phot osetting by the prior art, and thus it becomes possible to form
conductive patterns with a surface resistance of 200 ml/sqg. or |ess
primarily by photosetting alone. Furthernore, because light irradiation
can shorten the process by the order of a few seconds to a few m nutes,
superior mass-productivity and |ower gpst is possible. Second enbodi nent
The second enbodi nent of conductive paste according to the invention
conpri segsabctpast one type of processability of printing/bending ability
I nprover (F2) as an essential conpaonent. The second enbodi nent of
conduct ive pggf’grél:’&%rﬁ‘? nghe dnveetippy Eherenis agpmeest f9ry thephot oset ti ng

conduct syatpashe seﬁFwwnfﬂHuhas %@Fﬁuébb$ﬂt£EW$Eﬂr @%%hmc@ipeo gﬁg%ging resin
conposi tjQn nd_.a processabil i of printin endi ng . abj
ingPove%u%%§§E%% g%s%ﬂﬁ#éﬁéﬁﬁﬁﬂgohgngge ?5fgfrﬁ§§”gﬁﬁpo§gPF?ﬁ§ PBROTREi ve
paste, phestbheluteiferm pmmibict(iA?) pantephstwitinduciunfaceesesisoaRe61 &£ On
(B2) usgdoy/s0¢ ShoLEMTHONESTENLLOPRA: SN LG COAINC! | KB RRUARE (A

and photosetting resin conposit descri apbov

processBBFRVEG okt i herathiaidom fgnabhPresn i thy Brocess2by thg brden of

| nor ganactewbséoonds Ved ha FdwandausB8Ei siyfe S ¥R sApeBductiBhtyappar ent
SpECIfIE°9£§Vé$¥taqg rean article size, or a polymer conpound wth a | ow
gl ass-transrtrion ﬁblﬁf. (ﬁTicaIIy there may be nentioned: (i) Silica
with a specific surface area of at |east 100 nR/g, an apparent specific
gravit ys@&on® Sisddfliend han 50 g/ 1 and a nean prinmary particle size of no
greater than 30 ran (for exanple, AERCSIL 200CF, 300CF, products of N hon
Aerosi |, KK Jhe ($egonshiambodimeps| pEscerduaives pastle acsotding nto tEmper at ur e
of 100Ginverel s compri susTher 188t a8ke MBYRE Wk Weedlhn9f 14000 50, 000 (for
exanpl e r%ﬁ%f@ Qgtilsoggpro uct of Toyo, Boseki, KK.), 21 i11) Polyvinyl
ether rRETAEIRIAPE RN AP ENSAOPEAVSDi Hi2)( T5) 20 eS838BthR1 HePmRPIe k-
exanpl eThe regrnd Mrhodizentpoddauohductive paste according to the

invention is preferably a photosetting conductive paste

comprising a conductive powder (A2), a photosetting resin
composition (B2) and a processability of printing/bending ability
improver (F2) as essential components.

For this photosetting conductive paste, the conductive
powder (A2) and photoconductive resin composition (B2) used may
be the same ones mentioned for the conductive powder (Al) and
photosetting resin composition (Bl) described above.

The processability of printing/bending ability improver (F2)
may be an inorganic substance with a large specific surface area,
small apparent specific gravity and mean particle size, or a
polymer compound with a low glass transition point. Specifically
there may be mentioned:

(1) Silica with a specific surface area of at least 100 nﬁ/g,
an apparent specific gravity of no greater than 50 g/l and a mean
primary particle size of no greater than 30 nm (for example,
AEROSIL 200CF, 300CF, products of Nihon Aerosil, KK.),

(ii) Saturated polyester resins with a softening temperature
of 100°C or below and a number average'molecular weight of 1000-
50,000 (for example, Vylon 500, 130, product of Toyo Boseki, KK.),



of BASF Co.), (iv) Phenoxy resins (referring to oligomers or polyners
derived from bi sphenol conpounds and epichlorhydrin) with a softening
t'enperature of 100C or higher (for exanple, Epikote 1010, 4010P, products
of Yuka Shell Epoxy, KK.). These contribute to inproved processability of
printing and bending ability by pseudo-crosslinking due to cohesive power
or a pennate structure in the case of (i), by increasing the total
viscosity of-the ink and |owering the Tgpof the filmin the case. of (ii)
and (iii), and by substantial polynerization due to term nal crosslinking

in the case of(ifk 19@§ﬁyﬂa¥fﬁgklgﬁgins b?@ﬁ gr iQs ﬂgﬁﬂl efﬂ%iab ‘o

)p
di fferent types. ¥ oratlo of the weil ght the uctive
the totdT °§hr38f Ct RE bRbewsties myameden EBF@%l N4y ( mdmé:s
pr ocessakifl BrgFotopsi nti ng/ bending ability inprover (F2) is preferably

50/ 50 - 95/5, referab 55/ 45 - 90/10, Wth this range, the
wei ght ratio é?v?thSHS %sﬁ??%%@y rlB@nﬁBs?%+?9P?¥ED°EMHP%Mﬁ%rS

pr ocessaliieirivgdof romi bi spigeheh diangouakisl ahyl eppeilerhydn)i sriphelaer ably 1/1
[ 91, 30¢cHRiRg PoRperathYe Ued rodBY br Aidfer SPELONL AR LNC AR 1Y Of

t he conductlve Baste according to the Seco Tvent i on
is not iAPQr 8B10FhePEORIStHOTadIkd ShelbeEronriudif e paste any publicly

known conponemhaséuebnaﬁlmié% PR, pPbESs s S POy RSN n iR,OTRAL S,
dyes, pohx LI zatﬁoghﬁernlnato t hi cke ners ?hIXOtrOpIC aéghﬁa a5

suspendi Ng éﬁﬂtg Y&Yc%srﬁ 'dﬁrﬂﬁélléﬁﬁf‘gg dy@ s CohRsgHis Po¥sKYeRt 38 and
t he I|kepeﬁheteestnu¢tm¢erun/ﬁm$ acdded ofo (i he synihidass iathe teeaerding to

Lhe! secoudoeubody Tep! el e il YULAITRDo Ee WPy KU ng, A

exanpl es there nmay_ be nentione ose erre
sol vent Phafiihy2Bd &l tand hy suhatentiel peelwrerigedridinngueotohe second

enbodi rreméminanecwyﬂlim&mm ¥he0chSe 28 Pﬂ)’) PU@He(‘s'eY tn{%g"% Q4€q

However, ahB 8rder to_avojd residue in__the systemafter curing
react i ontPRE pPf i FPRPRAL Lon5, Of ﬁéffﬁﬁ?ﬂﬁ YﬂPQﬁJ hi gher than 250C. As
exanpl es ther@hqayatmp of the weight of the conductive powder (A2) to the

total weight of the photosetting resin composition (B2) and the
processability of printing/bending ability improver (F2) is
preferably 50/50 -~ 95/5, and more preferably 55/45 - 90/10. With
this range, the weight ratio of the photosetting resin
composition (B2) and the processability of printing/bending
ability improver (F2) is preferably 1/1 - 99/1, and more
preferably 3/1 - 80/1.

Also, so long as the curability of the conductive paste
according to the second embodiment of the invention is not
impaired, there may be added to the conductive paste any publicly
known components such as silica, alumina, mica, carbon powder,
pigments, dyes, polymerization terminators, thickeners,
thixotropic agents, suspending agents, antioxidants, dispersants,
resins, organic solvents and the like.

The resin that may be added to the conductive paste
éccording to the second embodiment of the invention may be any
publicly known one. As examples there may be mentioned those
referred to for the resin (C).

_ The solvent that may be added to the conductive paste
according to the second embodiment of the invention may also be



mentioned those referred to for the resin (D). The total of these additives
Is preferably no greater than 35%w th respect to the total weight of the
‘conductive powder (A2), the photosetting resin conposition (B2) and the
processability of printing/bending ability inprover (F2). The nethod of
preparing the conductive paste according to the second enbodi nent of the

I nvention is the sanme as descri bed above. The viscosity of the conductive
paste according to the second enbodi ment of the invention is preferably
from-1000 to 1,000,000 nPas (cpoise) in order to provide appropriate
processah'ylﬂ:ﬁylﬂélprl'mﬁvhﬂ@rfmd eoaegBr | hixckmfe& afd @foRtl ResNgue th IS nore
prefera fro 00 t 500 Q00 nPas he ondgﬁtiﬁg past e, accordi ng
to the secon%lS 'FuFﬁgglﬁsgﬁF+%RYI%§lﬁ£§ SEGPrYr RRE PaPPE H Dy
screen peintiof, nocﬁighﬁr;nhanlzﬁg Ot aApudstang hesk eherrenmtfgodeusi ng a
coater, Ased es3pYy | es: mentioned for the
-substra?%zﬂﬁiﬁé%g%}gﬁe?he rrr;é%tgf ?gr%ﬂ%gféz}elﬁlat rn on the substrate using
~the conductthe Eﬁﬁﬁk}Qﬁxﬁ%ﬁﬁengdﬁétiﬁésstﬁxﬂnﬁﬁﬂﬂ@bdwnentg@éathe thawent i on

‘may i n 39Rieith t¥espddt the thearpal dpecshbeask atbfeV%ondEEelbéQE&wééyr ce used
to cure A?)e t}?to ettin 1:(:onductsl ve 8aste accorB§ d Elhe second

enbodi n¥ he nti? T In& T SAPs §OBROS Yo Beh 0889, EPBrred to above.
Exanpl esrw¢$sarmw.m p:ﬁ)\prdadtmg/bgpdimgl quidpayatimpeookr ¢PRFUCtive past es
according t d a r| nt| n nd

phot oset ti ngrﬁééf(h q}f%gﬁgg%seﬁgl n%ﬂhﬁleél r‘l'%c%’rrpom F6RS d%\ﬁ%lat

pr ocessEpf | $¢5ond enﬂ?qdmmem@/ p€nghaginventign iimpitbecsempens descrilmedked in

the ratawsve ( pallfﬁéS \H)éd&ll(ﬂ}t bfl ik edohdud@le p%s%@daéEbf:&%qgfgé ﬁ"ie | east 30
mnutes at cgom il.e blocked, from]li to obtain 23 uniform

e ure
mi xt ur €35 ccg'g'keé%y oLyt ggof‘ﬁi’?%ﬁl%slst%féﬁaaﬂﬂ ByomnedR9 e Af ter
restor |11,90@a,dl1)0nm€taxrse (tctpormem ianpedet we,pﬂdeephprSﬁkiaflg i ni t I at or was

added, {h&.dddying: | n il ver powder ed
t her evmr%h in a SR Ifdﬁ%g ghag e%% éu&nwﬁs 8gg?fe%rb 1W‘th a
kneaderIqc}%ﬂﬁqﬁq1preferably from 10,000 to 500 000 mPa-s.

When the conductive paste according to the second embodiment

of the invention is used to form a pattern by screen printing,
offset printing or a publicly known method using a coater, the
substrate used may be any of the examples mentioned for the
substrate (E) above.

The method of forming a pattern on the substrate using the
conductive paste according to the second embodiment of the
invention may in conformity with  the example described above.
The light source used to cure the photosetting conductive paste
according to the second embodiment of the invention may also be
one of those referred to above.

Examples will now be provided to explain preparation of
conductive pastes according to the second embediment, and their
pattern printing and photosetting.

Examples 51-63

Photosetting resin compositions and processability of
printing/bending ability improvers were first mixed in the ratios
(parts by weight) listed in Table 5 and stirred for at least 30
minute; at room temperature while blocked from light to obtain



phot osetting conductive pastes according to the invention. These

phot osetting conductive pastes were used for screen printing onto
‘substrates inaJ. mmwidth x 1 mlength pattern wth a screen plate
having a 180 nesh and capable of printing in a thickness of 15 pm The

t hi ckness of the printed | ayer was about 15 pm The paper used as the
substrate was NPI-55 by N ppon Seishi, KK The polyethylene terephthal ate
filmused was -Lumira S, by Toray, KKz The curing reaction was carried out
by 5 tines' irradiation wth a conveyor-type irradiation apparatus at 7

nmnn, usifgra mifBu¥ésm Mped dwldsdRrlyamaivsebittomdidd Pusrdfedl B WY cnl
product. of To notabl e deteri Ol’%tel on

d UVR- con, . KK. ), No
Cuch 65 EBEAPAL| R CREGTSAHT ek SOREURPIES TRTH (AR GEe, ©
car boni phbvtorettiingoiniitiatanywead added,sthet mak eerel sets bs'lﬂmmar ft:eﬁcet ;
| st . det ' M e i e bet n.the two ends
of “the LAE£YERICH; CEELOEE PoudfRASHld B tnl Py SRS 4 Bt The TRRH"
processabphrehear hpeading was qpavdes oytevatrhat dendrdani toowbtaidnspr ead,
pl ate dpapedkestihyNEohdiiet Bid PhstedPheddelPhyi £y thetihverdidndesi gnated as

c) = ver d, 0 = good, | roblematic or X = uncoatable. The bendi ng
gibi)| ity tgs?&zﬁﬁéeca??g%ﬁeﬁ&nq}s‘? uet3VegPagLes e dissfkilfft SHres a

cross-spefinohay enta sibshte2Grcrl 1 her wies Uk eITBind tldeaigt21;5§,aﬂ&)éral e

pr ocedu i nyolLving, ' lsnwar_d | |l e adhere a i.ng.a | oad for
30 SECOI{;]] gh_.g %é%g? réf%ﬂ%q%%lgl\?gn& dg?gﬁ Pnggin o‘fa}?fg’qseecogﬁé% l-nq;flélﬁdllﬁg

out war d@akBigkpessnefals |wad e Idiskpendsof ythemminted Haviegadaand

st andi ngpbat ismuput e nmeasurement of the resistance value. The results were

_ . : o
B e P o e Y b AT o e s55hA anc
over +2B88a or The epshgethplehe [thatdphthhl1Exanpi Bn Mis&? wad J4ni%a56,5%y58 59 60
61 62 6§or§§lvﬁk.E’20 52 56 52 52 52 52 52 52 52 52 52 52 52

The curing reaction was carried out by 5 times' irradiation
with a conveyor-type irradiation apparatus at 7 m/min, using a
160 W/cm metal halide lamp under conditions of 1100 mW/cm?

(measured by UVR-T35, product of Topcon, KK.).

No notable deterioration such as coloration, heat shrinkage,
softening, brittleness or carbonization was found in any of the
substrates used.

The surface resistance was determined by measuring the
resistance between the two ends of the pattern after curing. The
results are shown in Table 1.

The processability of printing was geherally evaluated based

on ink spread, plate dropouts, fine line pitch, reproducibility,

etc., and designated as © = very good, O = good, A =
problematic or X = uncoatable.

The bending ability test was carried out using a 2-kg
cylindrical weight with a cross-sectional area of about 20 cm?
for measurement at 25°C, by a procedure involving: folding inward
while adhered and applying a load for 30 seconds - removing the-
load and standing for 30 seconds — folding outward and applying a
‘load for 30 seconds - removing the load and standing for 1 minute
- measurement of the resistance value. The results were



pomdef TO3-7 13 14 13 13 13 13 13 13 13 13 13 13 13 Photoreact- |l anon e

Ive resin dioxide 34 29 30 30 30 - - - - 8.5 7.5 - - UR-6105 - - -5-2é §4_

30 - - - - -1Cs800----3430- SO60E- - - - - - - - - 25 2

- /m - - - - - - - - 3430 Photosetti- SP-170 0.35 0.30 0.35 0.35 0.

0.35 0.35 - - 0.350.350.350.35 i ng CP-66 initiator 0.35 0.30 0.35 0.35

0:35 0.35 0.35 - - 0.35 0.35 0.35 0.35 processabi- Aerosil 1 11lity of c

200Cf - - - 1-1-1-1_ printing/By Wlan 500 - - 5 _ending 55 - J

S ability Lutoxnal - - - - MO - - - - !agr?ver - ; E8|k05e04810P -C;O-O
- - - i Lyt n L I g :

; Surf ace paser: By Saanabihl ¥ PleRieddd Yatbb Chihde “of 5P cr e 7

78 (D 35QP) PEPr tRbseardttl®® 90 1662 Bkl (Bl G&'r 950%04nd 1220220430 140

i B - 000 [Silver
133 (nfieds Sendi 80et €F204 'or HreBxDgbl4s0x0 0 0 0 .
pomdeﬁs]lga[ﬁpagzs )Ail vest E?ZO, product of ‘cll’okurl I Honten, KK., TCG7:
\ QLS 5 roduct of Tokuriki Honten, KK Phot or eacti ve resins]
- —

Silve : 53y 1 11540 | 35 Y Tio klﬂ I €9 161C U Tengum
KS- 8083 ) 6.1 52 |52 .52, ] 57 52 2 | 52 | 52 | 52 | 52
salt ¢wmeoundps 3 14 313" 3 99:1%9 3713 13 13 13 13 13
Thoto:eact- limonene .
- - - - 8.5 ]| 7.5 - -
ive resin | dioxide 34 29 30 30 30
UVR-6105 - - - - - 34 30 p - - - - -
"KS-800 - — - = = - p 34 30 - - pon -
BEO-60E - - - - - - - - — J2s.58]22.5f — -
DO pu - pu — - o — - - - - 34 30
Photosetti~ | sP-170 0.35 ] 0.30 ] 0.35 | 0.35 ] 0.35 | 0.35 ] 0.35 | — - J0.35§0.35 ] 0.35] 0.35
i ng CP-66 —
] initiator 0.35 1 0.30 | 0.35 | 0.35 ) 0.35 | 0.35  0.35 ] — 0.35 ] 0.35 | 0.35 | 0.35
processabi- | Aerosil - _ _ _ _ _ -
lity of 200CF 1 1 ] ! 1 1t 1
printing/b~ [Vylon 500 - - 5 - - - 5 - 5 - 5 - [
ending
ability poaconal -l -1-1s|-1-1-1-1-1-1-1T=-71TZ
improver bl
Epikote _ _ _ _ 5 _ _ - _ _ - - -
4010P
processability of
prints ® | o @ O © (o] (o] o] O O O o] (o]
Suxface Paper
resistance | substrate 48 ') 49 56 43 48 50 52 | s1 47 31 79 78
(mfd /sq.)
PET
substrate 82 ] 90 | 102 | 111 81 90° ) 95 | 101 | 112 | 122 | 130 | 140 | 133
(mQ} /sq.) .
Bending test ] © © (o] © [Z] Q © [e] Q O [s] [e]

[Silverx powders]

E-20: silvest E-20, product of Tokuriki Honten, KK.,

TCG~-7: Silvest TCG-7, product of Tokuriki Honten, KK.
[Photoreactive resins]

KS-800: Adekaoptomer KS-800 (mixture of epoky resin and aromatic
sulfonium salt compound), product of Asahi Denka Kogyo, KK.,
UVR-6105: CYRACURE UVR-6105 (3,4—epoxycyclohexylmethyl—3,4—
epoxycyclohexyl carboxylate), product of Union Carbide Co.
Limonene dioxide: Limonene dioxide (l1-methyl-4- (2~
methyloxiranyl)—7—oxabicyclo[4,1,0]heptane), product of E1lf
Atochem Co., |

BEO-60E: Rikaresin BEO-60E (ethylene oxide-modified bisphenol A
epoxy), product of Shinnihon Rika, KK.,

XDO: XDO (1,4-bis[3—ethyl-3-oxétany1methoxy)methyl] benzene),



UVR- 6105: CYRACURE UVR-6105 (3, 4-epoxycycl ohexyl net hyl - 3, 4- epoxycycl ohexyl
carboxyl ate), product of Union Carbide Co. Linonene dioxide: Linonene

di oxi de (1-nmethyl-4-(2- methyl oxiranyl)-7-oxabicyclo[ 4,1, 0] heptane),
product of EIf Atochem Co., BEO 60E: R karesin BEO 60E (ethyl ene

oxi de-nodi fi ed bi sphenol A epoxy), product of Shinnihon R ka, KK., XDO
XDO (1, 4- bi s[ 3- et hyl - 3- oxet anyl net hoxy) net hyl ] benzene), 25 product of
Toa Gosei, KK. [Photosetting initiatorglk SP-170: Adekaoptoner SP-170
(aromatic sul foniumsalt conpound), product of Asahi Denka Kogyo, KK.

CP- 66: W ng @@Sggr ogrtic sul foniumsalt conmpound), product of

Asahi [ProCessability of printing/bending ability
|nprovergq é%\éﬁngZGBGZFlaB?FFI)a Aerosil 200CF, product of N hon Aerosil,

KK. Vylsmls'cm @slekabbiteme § BCE7 @I Aondd cN"BLIFoAPRA' & S&E@ l{ﬁ)

grawty Qi[ bfp sggryD mean !Qartlcle size: 12 nm: Polyeste dn 500

(softenl enpera grer 238%¢o e (trser average nol ecul ar wei ght

5000- 25 Oc?o@)G pre#tacptohe To§o6 Boteiimatiilé. sulltohonal sal:cdg) a/ly net hyl
BAS

ether LyrQemlctMb@ hA9LASSpLh int: -49C), product of
Ly 5 ﬁgz% %‘%{](s@?tem ng tenperature: 135C), pr oduct

Epi kot e %OIOP Eg y Epi kot e
of Yuka [EFEFESER 9(§ tKK°fCBﬁ9p%‘FJd%9 \Rerdiagprbility Phorasstsli ng conductive

pastes WeresplepaocH:i 8ilhea oS MRPBEFASHEIMIPL € e
conposi tldKons (parts by weight) listed in Tgb enléé %%iaﬂjf%}s\geev\%rtéﬁéval uat ed

after prlntlng and curing. 26 [Table 6] Conparative Exanple E35 2 3 4 5 6
Si | ver. V¥i9p 56052spec §2i¢ 2suntamterart@as- 2004m%/3,13pbarédt EPetPES: | i monene

30;-_- §réd%ity: 30 g/1, primary mean particle size: 12 nm): Polyester
' - -Vylon 500 (softening temperature: -20 to 10°C, number average
molecular weight: 5000-25,000), product of Toyo Boseki, KK.,
Lutonal M40: Polyvinyl methyl ether Lutonal M40 (glass transition
point: -49°C), product of BASF Co.,

. Epikote 4010P: Epoxy Epikote 4010P (softening temperature: 135°C),
product of Yuka Shell Epoxy, KK.

Comparative Examples 1-6

Photosetting conductive pastes were prepared in the same
manner as Examples 51-63 with the compositions (parts by welght)

listed in Table 6, and these were evaluated after printing and
curing.




active dioxide resin UR-6105 - - 35 - - - KS-600 - - - 35 - - BED 60E - -
- - 26.25 - 70)0 - - - - - 35 Photose- SP-170 0.35 0.30 0.35 - 0.35 0.35
stt.ng CP-66 0.35 0.30 0.35 - 0.35 0.35 initiat or processability of A0 O
A printing Surface Paper 55 45 57 70 31 79 resists- substrate rim
(MJsq.) PET 107 99 131 134 130 391 substrate (nmdsqg.) Bending test x X X
X X A conparison of Table 5 and Table 6 shows that the pastes of Exanples
51 to 63 were nore satisfactory than the®se of Conparative Exanples 1 to 6.
[Effect] The photosetting conductive pastes according to the second

enbodi nqq.rabgg gl_'pe |nvent|on have the merit of rapid curing by |[ight

i rradi atlop——cabpled B y otovedyprsocESsan]l ity of printing and
bendi n¢=EEStS S S Jhﬁ'O"'E'En gszopoezi | ve2 - | pastes. They can al so

L Tmrrat tonl a3 gl Axrfoddpltdh of 0.20 pmor |ess and
to pl ajEErar|dipuper | s#bsfratep with & t hitkngss of 50 pmor Iess, whereby
such qiERTi t%g_-gliwti StTr—an T UGS Ul_nu;i o pnt0 Pl astic and paper

substrdtes i g FacT T tatr gd.— 191 381 ¢ ment | The third enbodi nent of
conduct]i ve pﬁ&w—m%o grngite the — 1 pvent jeR23 $§ a phot osetting conductive
paste qonpri sf®¢

a photfoneaet | #6877 esi h (B3} X30ancP-#¥ phot oget-#5 itiator (B3-1) or

as__ Essenil & gorpolheni s a—ci £§tion of silver powder,
B 0.3

phot osqif&rL.izf®Feagenf ¥B3] H>*hhvi-fgfa 1i §ht*absbipdi on maxi mum
processability of A A o] O A A
‘| printing
Surface Papexr 55 45 57 70 31 79
) resista~ | substrate
nce (mB/sq.)
PET 107 99 131 134 130 391
substrate .
(mfl /sq.)
Bending test X x x X A x

A comparison of Table 5 and Table 6 shows that the pastes of
Examples 51 to 63 were more satisfactory than those of
Comparative Examples 1 to 6.

[Effect]

The photosetting conductive pastes according to the second
embodiment of the invention have the merit of rapid curing by
light irradiation, coupled with vastly improved processability of
printing and bending resistance of the photosetting conductive

! pastes. They can also be applied to circuit formation at a
narrow pitch of 0.20 um or less and to plastic and paper
substrates with a thickness of 50 pm or less, whereby such
circuit formation and circuit formation onto plastic and paper'

substrates is thereby facilitated.

Third embodiment : _

The third embodiment of conductive paste according to the
invention is a photosetting conductive paste comprising as
essential components, a combination of silver powder, a
photoreactive resin (B3-2) and a photosetting initiator (B3-1) or

photosensitizing agent (B3-3) having a light absorption maximum



27 in a wavel ength range of 300-450 nm w thin the wavel ength region of
270 to 700 rm In this case, the silver powder may be a m xture of two or
nore different powders of different types including nmean particle size,
specific surface area and tap density, in order to satisfactorily control
the printing property. In order to inprove conpatibility with-the organic
conposition in the paste of the powder and to inprove the dispersability
of the powder in the paste, the condugtive powder nay be subjected to
surface treatnent either during the production steps of after production

of the R%‘Sg%gvl'ﬂs{lgeﬁf?&ﬁ & rSRtIHRNY 5R98RL #§€1@irﬂ%é)®a&el@%@kh0h¢)ﬁgkaﬁm

one. Thé reactrve resin (B3-2) is a reactive resin that has
functi ol 2gPotip V8BcRIMNg with the generated free radical* active species
or cati ogi C agt itﬁfsesfsé,esm@ryhlt\mr @oWayrbRay et anieduree ofanmocompounds
menti oned as exa es for the hot Qr eacti ve_resin - A g I
avefagenﬁﬁﬁbQFfSEB?BECP?V%Friﬂ?ﬁhﬁiﬁﬁéfeﬁ%Iégﬁ?% %%F#é§%€QTQ%5P %%%%gcéﬁring,
but an eMeessspecifdegr serdicoandaureid capl dpnspeyt i s qusied €2 in '
and” | nepargratlbrids st Eap Gnd Pr eI pRoPEL O P rda dpcted THIM
pr ef er r dehproveanpmpasébidity wibths tdief Péﬁé%lict 9ﬁ‘él%g%iftjt% inykdeo PESLEI ve
resins nay {pe peGlekNafdM &t Uirovih@HeOiabpuk 569511ty OF e Povideredative
resin (B2-2) is preferably 1-5000 as _(cppise). at 25C . in order to

guar ant é&e Pﬁé&&knﬁhﬁdfﬂn?%%t Y?\Rﬂdg; ¥ gﬁds CH RN GS5E ties of

t PTE Sastt&,ealtm’reni:oe%fiernﬁ’asixﬁ@pﬂiesq:)roidsxcm:ﬁloe pteperofcftaor padidugtiiont hi s
enmbodi e a ph etti 0Lt - 1) G teZiang agent
(B3-3) i""sr%t Eggdg\ﬁﬁlag%'hagﬁg %%ﬁé‘é gg’s?((?r%g‘tef%na é?(?rrmlj%n&?n a V\Hiae\zlgl engt h range
of 300- £8®laglywknhWn onfie wavel ength region of 270 to 700 nm The

reflectivity gl phbt¥eEabeild SEEMPNENGG 5ilaoteddei R in Taalte Hako86
edition, Maruzen, KK ), ere silver is_shown as exhjibiting .a reflectivity
of 200 6 TUBREAORR13GEOUPOTHRTTERE Y TPF SFPOERtSROTATS TTUREL in this
wavel engidtivengpectassbpgcatiamit gic tivensbecitbat andntitre may be
mentioned the same compounds mentioned as examples for the
photoreactive resin (B1-2). A greater average number of reactive
groups per molecule is better for rapid curing, but an excessive
degree of polyfunctional properties results in considerable
curing shrinkage that produces wrinkles in the coated film, and
therefore an upper limit of an average of 4 per molecule is
preferred. 1In any.case, 2 or more different types of the
photoreactive resins may be used in admixture.

The total viscosity of the photoreactive resin (B2-2) is
preferably 1-5000 mPé-s (cpoise) at 25°C in order to guarantee
kneading with the silver powder and the printing properties of
the paste, but 10-2000 mPa°*s (cpoise) is more preferred..

According to this embodiment, a photosetting initiator (B3-

1) or photoseﬁsitizing agent (B3-3) is used which has a light
absorption maximum in a wavelength range of 300-450 nm, within

the wavelength region of 270 to 700 nm. The reflectivity of
silver is listed on page 511 of the Physics Table (1986 edition,
Maruzen, KK.), where silver is shown as exhibiting a reflectivity'
of 20% or lower at 300-320 nm (see Fig. 1). Silver absorbs light

in this wavelength range, causing an energy transfer that can



excite other adjacent substances. Since the energy contributed is |ess
than the energy that excited the silver itself, the excitation energy can
be received by substances with [ight absorption not only at 300-320 nm but
even toward the Iong wavelength end. Therefore, using an initiator or
sensitizer neeting this condition can achi eve photosetting that was

consi dered di sadvant ageous_because of reflection and bl ocking by netals.
Apart fromthis absorption wavel ength, ,gowever, the energy transfer rate
i's undesirably | ower, and thus even toward the |long wavelength end it is

ref erakdaeinte 0 hot tl LpLtlator - r
Bhot osen.si?qt | Zi nlyw;&;ﬁgaa?gé?@saﬁ%%%ﬁg%%or cﬁlr?]l%tet gﬂghéﬂ%%ﬁdc%‘?é%’#b# of
the i nvert TS %ﬁ?g‘bé S POBFI¥| YhahRtridiasl the sidwpreitseibfe thwy be
mralnt i lonedcc:ltfaﬂ:‘ iplrn]?bnsetgyi aleninétwé@ixsedB @F%fsgxheégnwi@:\l 'dqﬂemlgl )

en t r..exaogpl e e ., trade name of N hon Kayaku,
G apasraipche BORURATE S YOG fim Mt e FOHBEA (Fes Lompl o)
‘Kayacur @ayedagothr gid. natbené Lok donudayalan, iKKtiatabSeFr piddy vid um 325
nm ; 2, 4editahlythhsoxaabinensy (£.0% %'@Q)ee%og%%g%giﬁ%%%{% trade name of

Ni hon Kayaky, KK absorption "maximim -3 %kant hone (for
exanpl e SORIYIEGPE Erkadventagecitdasiaugenod Kafhkrat ek andiislarqiingn by
maxi munme3@3isnn) Apdrt from this absorption wavelength, h
benzy'-%hgig?tE¥L§§E29"a 4'”Dﬁ§P ILngg?enxl)-1-B%takunﬁ¥?%%ﬁ’ Egganp|6,
I rgacur €. 369, trade nane ot 1 BHRSFdceRlyy leNer: capd dehus asesortoviasd
maxi numth828one) vavelengti hend citetifsy lpreddrabEy e yREgHE M Wb 450 agi.ne (for
dnpl e, TR ARBLNEnBrok&ag e ANEELM S& absor pt T 350
exanpl e, obé& a{ﬁt% | SOr I ONn .mMxI muni
nn), 2,4-trichl orgnet hyl %'-nefhgf SF F -%?tﬁﬁ%ﬁﬁéﬁyﬁ%§ﬁ2¥ggaﬁ€F€F
5 Né? yl .. Lyry c L .
TRI AZI N ! PPEReACrORRIRE taNGe Mhdad epbodjmémn olmxiheunimvaition), etc.,
and t hemaghbeosepabliclpgurganione | SA3MKkak (LI AAOREN Lgr
exanpl ethgaéﬁgk' e I|1 trade .nane (%f Ni hgﬁpKaya u, i&la&o abé’%ﬁ%ﬁf’éﬁa
maxi mum 31 nn%, pe?yQéHEa?§H§HFbti6ﬁ(ﬁﬁ?hﬁ&ﬁﬁenM#FhﬁﬂﬁPPe@UdJ Any of these
may ?I thEEYhE%Eh;mpm i((inle§>@nﬁl\§o ugayaaﬁfe.l_sﬂ'slh,e t;’:tlbiiér g&%&@[\p@ﬁﬁhﬁgm ‘i
wavel engagaka) ©R. Saihsdrfdil ﬁ%i Y "G O S S hG aquinona S orption
spectro?go y. I'n order to contio Fhe'rgg%t?%%TyﬁtQY% 8AY&P8"8uch as a
29 hyd sz@ THHIRLI BrYasHnto 206RReukdadeynats ohaliddte daybRul haK. ,
absorption maximum: 325 nm), 2,4-diethylthioxanthone (for example,
Kayacure DETX-S, trade name of Nihon Kayaku, KK., absorption
maximum: 385 nm), 2-chlorothioxanthone (for example, Kayacure CTX,
trade name of Nihon Kayaku, KK., absorption maximum: 385 mm), 2-
benzy1—2—dimethylamino-l—(4—morpholinophenyl)—l—butanone (for
| example, Irgacure 369, trade name of Ciba Specialty Chemical Co.,
absorption maximum: 320 nm) , 2,4—trichlorométhyl (4'-
methoxynaphthyl)-6-triazine (for example, TRIAZINE B, trade name
of PANCHIM SA, absorption maximum: 380 nm), 2,4-trichloromethyl
(4'-methoxystyryl)-6-triazine (for example, TRIAZINE PMS, trade
name of PANCHIM SA, absorption maximum: 375 nm), etc., and the
photosensitizing agents, isoamyl p-dimethylaminobenzoate (for
example, Kayacure DMBI, trade name of Nihon Kayaku, KK.,
absorption maximum: 315 nm), perylene (absorption maximum: 430
nm), etc. Any of these may also be used in mixtures of two or
more. The absorption maximum wavelength can be easily confirmed
by ultraviolet/visible light absorption spectroscopy.

In order to control the reactivity, a reaction aid such as a



case, it is preferably added in an anpunt of 0.01-200%wi th respect to the
wei ght of the photosetting initiator (B3-1) or photosensitizing agent
(B3-3). The weight ratio of the silver powder and the photoreactive resin
(B3-2) is not particularly linmted, but is preferably 10/90 - 95/5, and
nore preferably 30/70 - 90/10. Also, so long as the effect of the invention
is not inpaired, there may be added publicly known conponents such as
silica, alumna, mca, carbon powder, x gments, dyes, polynerization

term nators, thickeners, thixotropic agents, suspending agents,

ant i oxi UAPESoxfi SHMBERN Sor TAENSS coRpSAR nSP| MY %eaQQdEBe | tKketnhat hese
are preferably added |n a t al unt of no nore than 50% wth respect to
the totaf2dBt ght bf B tﬁé’ aﬂ&%&e?‘“a‘ﬁ’&l T‘?@mtpi?d:t 8- 83cePO& vithn (B3-2).

The resi nespett ney ﬁiaea.c&heﬂm eft hﬁeCpndwiemr@Shgtﬁhtbb_e(BBSI?E&J: on may
be an | es there may e nmentioned those
! BRI O Sy G4

referred o0l vent that nay be added to the
conduct i ve paBhe weighte rative ofi Shenayleé s edsieanyndulthecbhiokooesc tiree

However, ré8iQr pie3-2)t 0 AVHItd Pa®tidUa b iy t NEnSO, e B %ﬁePEQﬁ H%ggéo/go

t ref erabl y has boi lin oi nt_of no hi
(raggfrp: Ce)g t%yg n%‘y’E rﬁqe&?é&bﬂ-ﬂoég/?%fer%%&oto for the resin (D). The

vi scosity ofAlse, phwtsmsj tasngheoadnet:t\éffptﬁséq:%e@mhngs ﬁ@tt%ﬁpn%ﬂécﬁ
enbodi ne V. eferably as in
or der tO&tlI’O%/I a#%ragﬂ}reldg ebgrlgé sg%%w?ltﬁ}“pc‘)’fne Fi ﬁPFﬁ aﬁnﬁl:&ﬁﬁl’gh

t hi cknesal@hing, FRiqh.i prbon powdere pigherthl yiyfesonpdzﬂ)mernzmmoo nmPas.

Wieh t her ohnt nsedd, ng;lﬁ@m@%vetﬁﬁﬁz,@r@ﬁf@ra@emstoshggen&m FEhog)) rent
of the |nvent| E is used to forma pattern by screen printi Set

printing®®d G5 P USRERA 2REP hoBe R g OTFaRdSt EP1VERES sﬁ%t’?%ﬁ eliksed may
be any drhém aeseirgﬁee‘zermnyl anadd iﬂrat&&aﬂ.uhibhﬁteofao%h@f@ tHd¥e ddght

fo the thieh St A% W' BRERIHELRT S b siTPRe bavieEndrdived to-
above. Photoreactive resin (BB 2).

The resin that may be added to the conductive paste of the
invention may be any publicly known one. As examples there may
be mentioned those referred to for the resin (c).

The solvent that may be added to the conductive paste of the
invention may also be any publicly known one. However, in order
to avoid residue in the system after the curing reaction, it
preferably has a boiling point of no higher than 250°C. As

) examples there may be mentioned those referred to for the resin
(D) ..

The viscosity of the photosetting conductive paste according
to the third embodiment of the invention is preferably from 10 to
1,000,000 mPa*s in order to provide appropriate processability of
printing and enough thickness after printing. It is more
preferably from 1000 to 300,000 mPa‘s.

When the photosetting conductive paste according to the
third embodiment of the invention is used to form a pattern by
screen printing, offset printing or a publicly known method uging
a coater, the substrate used may be any of the examples mentioned
for the substrate (E) above.

The light source used for curing of the photosefting



Exanples will now be provided to explain preparation of photosetting
conductive pastes according to the third enbodinent, and their printing
.and photosetting. Preparation of photosetting conductive pastes (silver
coatings) Exanples 64-75 Photosetting conductive pastes according to the
invention were obtained by mxing the conpositions (parts by weight) shown
in Table 7 and stirring themw th a kneader, and then honbgenizing them
with a triple roll. These photosettingg conductive pastes were used to make
sheets by screen printing onto substrates in a 1 mmwdth x 1 mlength

pattern with a  scre ' éhel&qx e mbod imapabbe theprinting in a
thlckne%%P%H ﬁﬁyﬁuﬁag%%é%f%%%E ésgg he ﬁﬁlnte | ayer was about 15 um

" The papmvmmbmsndméesmﬁ same waerf# ceed 10 RPOE6 Seishi, KK The
pol yet hyl eneg %a&g halat %o@PEI) toviaes e weaxp lauimi paeSarabyomorhy, KK. The

curing reactlon carried out irradiatio a VexnhaiNest,
i rr.adi aphereppaing FendyStyea EaPﬁgsl?Eﬁﬁréln (gg %BehFaﬁggressure nercury

| anp W 4hq afhoit it irfing lktdaph8Borethimgd a netal halide lanmp with an
output of 4 kw at 80 wcm Table 7 shows the I|ight energy required for

curing and the post-curing surface pencil hardness., 3 Tabl e. Exaspl e
64 65 6BrépFabstHon 76f HhoDSEY ting75onMast VIR &0 (%i"eg—' §8a§bzg.t15) 50 50 -

-0 TR S0S 20 11 oiraens @030 de s ve the snventidd

Initi a- EMS Phgtosetting conductlvengsglCBa%F%ﬁﬂjng'fc%the 1nvent189
triazi ngeBe- obtaine@. By misiiary nhePhbmpositions 2(garts by weight) shown

! in Table 7 and stirring them with a kneader, .and then
homogenizing them with a triple roll. These photosetting
conductive pastes were u§ed to make sheets by ;creen printing
onto substrates in a 1 mm width x 1 m length pattern with a
screen plate having a 180 mesh and capable of printing in a
thickness of 15 pum. The thickness of the printed layer was about
15 um.

The paper used as the substrate was NPI-55 by Nippon Seishi,
KK. The polyethylene terephthalate (PET) film used was Lumira S,
by Toray, KK. .

The curing reaction was carried out by irradiation with a
conveyor-type irradiation apparatus, using as the light source a
high-pressure mercury lamp with an output of 4 kw at 80 w/cm and
a metal halide 1amp with an output of 4 kw at 80 w/cm.

Table 7 shows the light enexgy required for curing and the

post-curing surface pencil hardness.



-S - - - - - - - ----CIX-=-=-=-=-=-=-1----1-369- - - - -
I-:)E:I-X-Sl - - - SP—l?é cL-66 - - - - - - - - - - 0.6 - Sensit- perylene - - -
.. - . .020.2 aging bPl 1 1 0.8 0.8 - - 11 agent. - - - 1 Silver
E—20 37.5 37.5 45 45 37.5 37.5 37.5 37.5 37.5 45 45 PO+der G12 - - - - -

- - - -37.5 TCG1 12.512.5 1515 12.5 IT 12.5 12.5 12.5 15 15 12.5
Li ght source Hg Hg Hg Hg Hg Hg Hg Hg H MR MH Hg Curing (n7/cm 1000 1500
1500 500 1000 500 1000 1500 500 lOOOOg%q ggg SSBeEg%O(EggeESEUb?LE$te)
| 1
(m7/cm 1000 1500 500 500 500 1000 H B (31 Kod00)

substr at epabfenej | hardness HHHHHHHHH

[ Phot or A%w 240 £
di acryl BFRUTT_Of | 56 Uf seopet ] 1€ ﬁgﬁ— q655— _
(trimet onIp ene el nyreng OX[ de- o =q— oa
CGosei, KK. M 8 Aroni kK MPEOS [ OF Tf leoTqT Iy Tfo=prT _ € ,
product [F&refosel . Kk KS = |JAGEHacpijore K§$593$¥5%%L913 oot y
resin SRS  sul Fonium shi+t lcendound) = pr CE anl | Cenka—Rpgyo,
KK. - A SYRACURE 6105 (|3, 4-Jepoycy ] ohtxyl ety =3[ 2% [ -
\ —U-eh e -co-—t——fned
epoxyc 'Y= car DOXY] pp qetzqr—ote & B = Hepe—
di oxi dg:**Li myrReAE a1 OXT P (|12 AL A CEa I I I B N T -
met hyl dxi r anyltHazt=okabi Ly<l (0] <, |1, O] [nept==) —podutt—of— & 132—2Atpehefn Co.
triazine BMS - — -— - - 2.5 - — — —_ — -
DETX-8 - - - - - - 1 - - - - —_
CTX - - — - - - - 1 - - - -
) I-369 —_ —_ - — - - - — 1 — —_
_ SP-170 — = — — oy - p - — — 0.6 =
_ CP-66 = - - o R - - - =~ | o6] —
Sensit- | perylene - - — - — - - — - 0.2 0.2
izing I'RERT 1 1 [08]o8] — - 1 1 - = - 1
agent —1_ I .
Silver E-20 37.5 | 37.5 45 45 37.5 ] 37.5] 37.5 | 37.5 | 37.5 45 45 -
powder 5773 - I ' =1 -1 <1 -1 =1 =—1T—-"1= = 1375
TCG~-1 12.5 | 12.5 15 15 12.5 § 12.5] 12.5 | 12.5 | 12.5 15 15 12.5
Light source Hg | Ho | Hg | Hg | Ho | Hg | Hg | Hg | Hg | ™4 | ™8 | hg
.| Curing (N/OW 1000 | 1500 | 1500 ] 500 | 1000 § 500 | 1000 | 1500 S00 ] 1000 500 250
energy (Paper
substrate)
(f/cﬁ 1000 | 1500 | 500 500 500 [ 1000 | 1000 | 1500 | 500 1000 500 250
PET
substrate)
Pencil hardness H H H H H H H H H H B H
(JIS K5400)

[Photoreactive resins]
y M-240: Aronix M-240 (polyethylene glycol dlacrylate), product of
' Toa Gosei, KK. -
M-360: Aronix M-360 (trimethylolpropane ethylene oxide-modified
triacrylate), product of Toa Gosei, KK.
M-408: Aronix M-408 (dltrlmethylolpropane tetraacrylate), product
. of Toa Gosei, KK.
KS5-800: Adekaoptomer KS-800 (mixture of epoxy resin and aromatic
sulfonium salt compound), product of Asahi Denka Kogyo, KK.,
UVR-6105: CYRACURE UVR-6105 (3,4-epoxycyclohexylmethyl-3,4-
epoxycyclohexyl carboxylate), product of Union Carbide Co.
Limonene dioxide: Limonene dioxide {(1-methyl-4- (2-
methyloxiranyl)—7—oxabicyclo[4,l,O]heptane), product of E1f.



[ Photoinitiators (Photosetting initiators)] BMS: Kayacure BMS

([ 4- met hyl phenyl t hi 0) phenyl ] phenyl met hanone), product of N hon Kayaku,
KK., 2-EAQ Kayacure 2-EAQ (ethyl anthraquinone), product of N hon Kayaku,
KK., . Triazine A- TRIAZINE B (2, 4-trichloromethyl-(4"-nmethoxynaphthyl)-
6-triazine), product of PANCH M SA, Triazine PMS: TRI AZI NE PV
(2,4-trichloronethyl-(4"- nmethoxystyryl)-6-triazine), product of PANCH M
SA, DETX-S: Kayacure DETX-S (2, 4-di et hgbt hi oxant hone), product of Ni hon
Kayaku, KK., CTX: Kayacure CTX (2-chl orothi oxant hone), product of N hon

Kayaku, Atdchend-C269: |rgacure 369 (2-benzyl-2-dinethyl am no-1-(4-

nor phol i V], l-but a e), oduct, of Ci ba Specialty Chem cal Co.,
SP-170: ;%g{%%é{l&%art%gﬁ- Q%‘#g?gf{‘rﬁf’?% WGtoEH dal t conpound), product of
Asahi D& REgpeurieK BMSCR66me thigkplogriyith iGPp&Eny 2] OPREA G A ey sal t

conmpoun AURO L by 1 R ARE I n Kogyo, KK. [Photosensitizing agent]
DMVBI : K;Bna%ure D\VBI l(i soa Fkgfed#ﬁrrb‘t hyl am nobenzoate), product of N hon

Kayaku, AQ:SKayscusendcEAR Keblyl SinthasiquEnge) prprodic ool akiHdKi
Hont en, Hé¢aku,GKK2, G 12, product of Dowa Kogyo, KK., TCG 1:.Silvest TCG 1,
, product#?-'%( riki Fﬁg% KK, Li ght sources] . Hi gh-pressure nercury

|lamp with .q'\l/ﬁvl%ou “pd E@BW Em ‘{mlmpmﬁﬁm’@e 1 aripe Wty reghwhgult)put - at
80 w cmf-Gwiiazgneher pypdikasat ePANCHIM sa, UV PONER PUCK by EI T :
| nst r ungipialiige phgyi @ %I&P' M .é?, K t.tg light irradiation energy
required for the coat eg ] m.?oyb c‘c?rrg:rl"g ES’F?‘E%‘:% ?’1 Xed onto the
subst r af® P89 XYPLYEYHAVEr BRgR Aineing@Rsidu820089BANCHIM Grupar at i ve Exanpl es
7-11 DETX-S: Kayacure DETX-S (2,4-diethylthioxanthone), product of
Nihon Kayaku, KK., .
CTX: Kayacure CTX (2-chlorothioxanthone), product of Nihon Kayaku,
KK., ' |
I-369: Irgacure 369 (2-benzyl-2-dimethylamino-1- (4-
morpholinophenyl) ~1-butanone), product of Ciba Specialty Chemical
Co., .
SP-170: Adekaoptomer SP-170 (aromatic sulfonium salt compound),
Product of Asahi Denka Kogyo, KK.,
CP-66: Adekaoptone CP-66 (aromatic sulfonium salt compound),
product of Asahi Denka Kogyo, KK.
[Photosensitizing agent]
DMBI: Kayacure DMBI (isoamyl p-dimethylaminobenzoate), product of
Nihon Kayaku, KK.
[Silver powders]
E-20: silvest E-20, product of Tokuriki Honten, KK.,
G-12: G-12, product of Dowa Kogyo, KK.,
TCG-1: Silvest TCG-1, product of Tokuriki Honten, KK.
[Light sources]
Hg: High-pressure mercury lamp with 4 kw output at 80 w/cm
MH: Metal halide lamp with 4 kw output at 80 w/cm
[Curing energy] |

Measured using a UV POWER PUCK by EIT Instrumentation

Equipment Cof, U.S., at the light irradiation energy required for
the coated film to become tack-free and fixed onto the substrate



These were conparative exanpl es enpl oyi ng photosetting initiators or

phot osensiti zi ng agents with no absorption nmaxi mum in the wavel ength range
of 300-450 nmw thin the wavel ength region of 270-700 nm The conpositions
listed in Table 8 (parts by weight) were mxed to -obtain pastes in the
same manner as Exanples 64-35, and were used for screen printing onto the
sane type of substrate. The sane apparatus of Exanples 64-75 was used for
the photosetting reaction. Table 8 shoys the |light energy required for
curing and the post-curing surface pencil hardness. None of these were
tack- freg, agvaeasytsBtgofoft B20R8AGI hmhar dness was not possible. The
absorption nmaxi num for the gIaenzophenone initiator used here was 255 nm

[ Tabl e 8] Conparative Exanple 7 8 9 10 11 Resin M 240 50 50 40 - - KS-800
- - - 50CempiFatidd Examples 40-1ini ti ator benzophet-~os~e 2.5 2.5 2.5 - -
SP-170 - - - & -66 - - - - 0.6 _Silver E-20 37.5.- 45 .o 45 powder
G12 - 37.5 -T@Q'f’gft‘g‘i i°2‘.‘%arf2t.lé’el§xf5‘¥’ései5e’ﬁ? P0G, PROL OB Z@nﬁg _ IdH M
Curing (b¥itiatyrs FapaphoBONsi30E0ng5806nt-50aDch-530 @bserptdynsnbs inane) '
(m]-ce) 1 Pele 00001 RP00 3D G5300-1860Rn SO b LiabeAGhLey
hardnesséJIS unnmeasur -_ unnmeasur - unneasur- usmeasur- unmeasur- K5400) able
abl e abl E%@bPR AbI2’OTH Y ¥ According to the present invention expl ai ned
abovg_, it is-Tm@s&m&iﬁmiQi@t%ﬁii agswiﬁw %i Pt apyf iwb&ghﬁ)buﬁkégh_t
irradiatj ne ereas thernosettin as_been necessar e _prior
art. Them?)?eecgt?r%n?b??lﬁ%sp%sftesse\}é‘r% t gﬁ’qﬁi I &° Bnpiey 84-75%kE
were used for screen printing onto the same type of substrate.

The same apparatus of Examples 64-75 was used for the
photosetting reaction.

}

Table 8 shows the light energy required for curing and the
post-curing surface pencil hardness. None of these were tack-
free, and measurement of the pencil hardness was not possible.

The absorption maximum for the benzophenone initiator used
here was 255 nm.

[Table 8]
Comparative Example 7 ) 9 10 11
Resin M-240 50 50 a0 - -
[Ks-800 - —_ - 50 —
OVR-6105 py - . - - T
Initiator | benzophencne 2.5 2.5 2.5 - -
"SP-170 = — — - 0.6
CP-66 — - - — 0.6
Silver E-20 37.5 - a5 37.5 25
powd G-12 — 37.5 = - -
" TCG-1 12.5 12.5 15 12.5 15
Light source Hg Hg Hg MH MH
Curing (m/cn®) (Paper >5000 >5000 >5000 >5000 >5000
enexrgy substrate) : _
(m3/on’) (PET >50600 >5000 >5000 >5000 >5000
substrate )
Pencil hardness(JIS unmeasur-| unmeasur-| unmeasur-{ ummeasur-|{ unmeasur-
K5400) able able able able . able
[Effect]

According to the present invention explained above, it is
possible to cure coatings with silver as fillers by light
irradiation alone, whereas thermosetting has been necessary by

the prior art. The treatment times of several ten minites or



34 longer at 100C or above required for thernosetting pastes can be
shortened to the order of a few seconds to a few mnutes by |ight
‘irradiation. Fourth enbodi nent The conductive pastes descri bed above are
phot osetting types, but other solvent-dried types (or solvent-evaporated
types) may al so be used as conductive pastes instead of those nentioned
above, to obtain antennas for radio frequency identification nedium
Specifically, the fourth enbodi nent ofysa conductive paste according to the
i nvention is a conductive paste containing 0.2-5 wt% of an adhesive resin

W' th a gLassr t4@NBhd @ NP YbYvel -Eﬂhul.o;édoﬁ@rtﬂ&lnﬁiﬁelt&lh@rﬁEsﬁésS@éndbe
wei ght. ThTs conductive paste can he used t obt al conduc%l ve gaf gwal | ms

that ar 8hPEEPRYAEC th STy Wl EeHaPREAR ewaH‘&ﬁH §9e8

curing iipesiardbhow resi stance exhibited by solvent evaporated types, for

formation of antennas onto easily :bendabl e substrates and substrates that

are sonetines fol ded. The sol vent-dried conductive paste conprises 0.2-5
wt % anBouptkfentaddiment? W % of an adhesive resin which is at |east one

‘sel ect ed TR A0 0 e o8l DR e EBbASandl Wi %@L‘o%@%ei:@:%h&st asrylic

resins, b oxy resins and urethane resins and has a gl ass tran5|t|on p0|nt
f B

(Tg) o othee| Tt VeRfaetr ked £YPEAMOAT BOHRRL G\Yépi%Ete?thpﬁﬁ? Ma¥ns a
| ow resaﬁams@ Y dl @ ANEbndUcAEE Bak BBE omeglté:wdsm@hro@sl ﬁbﬁa@enecrfor mance.

Preferred adhesive resins are p her resins and but adi ene
resi ns. 20RER AP TH R Wﬁnagngﬁﬁt %{ﬁ% TS Re S r@?flﬁllfg ¥§°?he gl ass
transi t mediywoi ntSgdapficfallys lshed§ouabtl embodinent tof accavliingiv&he

adhesi VEaé@é'&&&f@ﬂ%@o al!é%e a‘ﬂ%n@ﬁoﬁfif% @Jndd@'l%aPle'EE égﬂ’ééi{-?{'n&f the

si |l ver powder, even en a In a anount 00 much of
adhesi vB- £23i Wt opp AR rAdhes ived deq1p 101 R 08 Flafst é’-)rantsﬁélPEsPQ%’aﬁcéT‘Jbl ue

itself welpe @eorlm&asgd telrtmsl s,fagsglarm@_ﬁ@@ e to achieve a | ow

resistance yajue if 8%{\, sF dnesl VB854 16 B8 ln?eohf8cRife haste

conponent 35 1HCME cﬁJ&a] & FAR. °¢ Us P
films that are resistant to bending while maintaining the
advantages of short curing times and low resistance exhibited by
solvent-evaporated types, for formation of antennas onto easily
bendable substrates and substrates that are sometimes folded.

The solvent-dried conductive paste comprises 0.2-5 wt%, and
preferably 1-2 wt%, of an adhesive resin which is at least one
selected from among polyvinyl ether resins, polybutadiene resins,
acrylic resins, epoxy resins and urethane resins and has a glass
transition point (Tg) of 0°C or below, added to a common
conductive ink. This maintains a low resistance value and
provides improved bending resistance performance. Preferred
adhesive resins are polyvinyl ether resins and polybutadiene
resins. ‘

When added in a small amount, the adhesive resin lowers the
glass transition point (Tg) of the binder and inhibits its
cracking. The adhesive resin component also has an effect of
maintaining adhesion of the silver powder, even when added in a
small amount. If too much of the adhesive resin component is
added (10 wt% or more), the resistance value itself will be
increased. It is also impossible to achieve a low resistance

value if only the adhesive resin is used as the binder component



The eval uation test. enployed LS415CM by Asahi Chemi cal Laboratories, KK
TS5202 by Tanaka Ki ki nzoku, KK., and DWB51 by Toyo Boseki, KK. as

-conducti ve-inks, adding pol yvinyl ether and polybutadiene at from1l to 2
Ww%in terns of solid weight, or wthout their addition, and nmeasuring the
filmstrength (bending resistance test) and surface resistance after
curing. The results are shown in Table 9. In the table, AL00 represents
pol yvinyl ethyl ether and MAO represengg pol yvinyl nethyl ether, and the
percentage values indicate the wt% of addition in terns of solid weight.

For thecgqulngohaabggggcgnkest an approxinately 1-kg metal cylinder was
roll ed back and forth once on the inwardly f conductive paste film

after which The- ﬁﬁP&Pa§}PPnHEFtv@@P¥QNQQN}S4B§EN QMdAFGP%rFQﬁW%F%#ter

out war d rfa@odiat@r ieBi, SKRY G| €58262 aopNtAthkaAKiRABZOKAR, KRNG dite m nng(
resi st ance

f
S A L T e AL "(dm
(1501) p@é@hut@ldaaheahtncﬁtomdﬂietbm) Wwt®5n Italnmlsabﬁrselsld\mqm?/;) 026 or

more 25 k%%%%cgh%@ baie? n, %6’%&{ %ﬂg‘mg?ﬁéﬁ% é’ﬁgﬁprﬁoé@

Polybutéﬁ“ene or nore 20 K. klnzoku
A100 (1%®esistange ﬁﬁ%)zendme T SR igdedee ﬁéttead'a@anw 1 B DWB51 A100

(A;% 36 x%s%_?_.t%?&%ezghoﬁndfﬂﬁ fé?‘@.e% S 1 ﬂHy%aBQeNﬂﬂléé%eﬁagesferws mDref 20
ATEUTCRECIE JENS CORTE o TN R DR R
I n* t he and rohet pemgehtadbenal pes yindidatat tvhe was aﬂd&dditnantinwﬁarmﬂtn ng
conduct igge ¢oqk g &Q?Lght.

For the bending resistance test, an épproximately 1-kg metal
cylinder was rolled back and forth once on the inwardly folded
conductive paste film after which the .metal cylinder was rolled
back and forth once after outward folding; this cycle was counted

as one time, and the bending resistance was thereby confirmed.

[Table 9]
Surface resistance Bending Reaction
(2 - cm™) resistance test completion time
(150C30min.) (min.)
— (150C)
Asahi Chemical not added 20 1 25
Laboratories A100 (1%) 26 5 or more 25
LS4150d
M40 (1%) 25 5 or more . 25
M40 (2%) 28 5 or more 25
Polybutadiene 28 5 or more 25
(1%)
! Tanaka not_added 16 1 20
Kikinzoku -
755205 A100 (1%) 24 5 or more 20
[ Toyo Bosexi niot added 30 1 20
DW3s51 A100 (1%) 36 5 or more 20
M0 (1%) 35 5 or more 20
Ma0 (2%) 39 . 5 or more 20

As seen in Table 9, addition of polyvinyl ether and
polybutadiene at from 1 to 2 wt% in terms of solid weight was
shown to provide vast improvemeﬁt'in'the film strength. When
polyvinyl ether was added to a thermosetting conductive ink, the

film strength increased, but the resistance value increased was
greater.

[Effect]



filmstrength increased, but the resistance value increased was greater.
[Effect] 36 Wth the aforenentioned conductive paste, sinple addition of
an* adhesive resin at 0.2-5 W% in terns of solid weight allows

i mprovenent in the lower filmstrength that has been a drawback of

sol vent-dri ed conductive inks, while maintaining the [ow resistance and
short curing tinmes characteristic of solvent-dried conductive inks.
<<Conductive paste curing nethod>> The jpresent inventors focused on the
fact that nore infrared rays are irragiated by ultraviolet irradiation

| anps .used fCW:LtIPLHHé’Qif@re&h'eh'i:EXthe&or?d{{dbﬂ%e S th?xgﬁg%c?&éka{ég of

irradiation _lanps, and e energ sorp |on by~ T
reaches ¥ 3Hhesive Fpsdmepts 8y2apeut? terasent solédtveight hellkduy e

pr oposeampmmiwﬁu \i@; RAS! @ofUEl Eﬂlﬂ%tﬁ%g@iﬁa%ﬁﬁkegﬁge}%eﬁ N, LAl |1 ght

source i AV irradiation |a rared ray em 510N to
cure t heéﬁ:g%" Thl vg ?’[ 8°B§uFF?‘Yﬁ| %R]fsh'g W%llehmPﬂﬁﬁPl’fl%Wn %hﬁ staw ght
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11. 3% Of<<\0<ﬁ'jdﬁlcelvjel gakteaYSrifde meadNfrared rays and 28.7% of heat or
the |ike. %u the ultraviolet ray portion and visible |ight ray
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mfrare%hlrr di ation eff|C|ency of
cl ass o 85?0P5? ses a conductlve paste curlng method characterized

in that the light source is an ultraviolet irradiation lamp with
infrared ray emission to cure the conductive paste by irradiating
with light from this -light source.

The ultraviolet irradiation lamp used as the light source
may be a high-pressure mercury lamp or a metal halide lamp.
Because these use a mercury vapor discharge tube for the
ultraviolet rays, the light energy emitted from the discharge
tube is composed of 14.6% of ultraviolet rays, 11.3% of wvisible

X light rays, 45.5% of infrared rays and 28.7% of heat or the like.
Excluding the ultraviolet ray portion and visible light ray
portion, 74% of the input energy of the light source is converted
to heat. The same is true of xenon lamps which are also
ultraviolet irradiation lamps.

For comparison, halogen near-infrared irradiation lamps that
irradiate near-infrared rays utilize filaments for -1light
irradiation. Consequently, high output lamps have a maximum
input of 1 to 2 KW, which is an input of 70 W/cm in terms of unit
length, and corresponds to an infrared irradiation efficiency of
86%.

On the other hand, the maximum c;ass of ultraviolet
irradiation lamps are 280 W/cm, and the infrared irradiation



irradiation |anps are 280 Wcm and the infrared irradiation 37 efficiency
t hereof is about 45% as nentioned above. However, considered fromthe

st andpoi nt of input per unit length, the infrared ray irradiation is about
twice that of the aforenentioned hal ogen near-infrared |lanps. Fromthis
standpoint, therefore, the conductive paste can be efficiently dried and
cured by providing heat. Fig. 2 shows the absorption of a conductive paste
in different wavel ength regions in conparison to a free sheet. As clearly
shown here, the absorption of the conductive paste also reaches into the
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lamp +s used. The ﬂ i.n the gra are as follo .. Using an

infrared .rFEH.&FFSﬁlﬁgﬁé TEontFRY di6 2 §§8F° ?Ep%rﬁﬁq&WEFQPtiﬂWP

i nfrared (theagoation mppasaths m&‘Eyegﬁaphlcs KK., Ianp C}R 200/ 200 V,

1000 WG, 100 I at| |sta n carryin
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speed) " : Using an ultravi Tt T ra i off uwv
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by Asahi Chemical Laboratories, KK., and an integrating sphere

was mounted on a Hitachi U-3500 spectrophotometer for measurement
of the reflection density.

The surface resistance value of the conductive paste after
curing was measured with an infrared irradiation lamp as the
light source and with an ultraviolet irradiation lamp as the

light source. Fig. 3 shows the change in surface resistance

values with respect to power consumption per unit.area. As is
clear from Fig. 3, a comparison of the power consumption per.unit
area confirms that when a high-pressure mercury lamp is used for
curing, it was possible to achieve efficient curing of the
conductive paste with lower power consumption than when a near-
infrared irradiation lamp is used. The symbols . used in.the graph
are as follows.

OB Using an infrared irradiation lamp (conditions: Conveyor-
type 1 KW x 3-bulb infrared irradiation apparatus by Eyegraphics,
KK., lamp: QIR 200/200 V, 1000 W/G, 1000 W x 3 bulbs, 4 cm .
irradiation distance, 5 m/min carrying speed)

M : Using an ultraviolet irradiation lamp (conditions: Toshiba
UV irradiation apparatus by Toshiba Litech, KK., M8400L/A lamp,



240 Wcmoutput, 7 cmirradiation distance, 12 mimn carrying speed) Using
an ultraviolet irradiation lanp (conditions: Toshiba UV irradiation

‘appar atus by Toshi ba Litech, KK., MB400L/A lanp, 280 Wcm output, 7 cm
irradiation distance, 12 mmn carrying speed) [Effect] - It is possible
to cure the conductive paste in a shorter time than those in case of
curing by heat drying furnaces or infrared irradiation which are conmonly,
~enployed in the prior art. <<Method g form ng antenna for radio

frequency identification nedium>> First enbodi ment The foll ow ng

expl anag Oy AANCRIFA Fi LHl 12PRAMA SR PfstncEBt Nodnohif Gt AgiAn ant enna

for a radio frequency identification nedium by which a conductive paste-is
used t cSB®RM the antenna according to the invention. According to this

enbodi npNt., 13 %G GANuRELEE BT Bt odialtaon EXAPD| Cond St iSHY :0MRBHE®aPr i Nt an

ant enna-shaped, pattern of a_ thernpsetiing .conductlve rescri bed
| ocati oV olflp?dlsatfﬂs"f‘\' ZPR35R TIA gﬁn;gﬁg?@%%llg:eicg' nghht e@g‘&iﬁ&? %f’ﬁ?‘rt ing the
t her nosz8 ¢ iwfent ancystti,vd pastieredid titons ubistteace , i A2t némimt eaneyihape, the
pri.nt edg 'ég5is exposed to infrared rays, preferably Dear-infrared rays,

to cure e thernosetting conductive paste. An antenna is thus fornmed on
the subEB¥£r@tlby curing the thernosetting conductive paste. An

antenna- f or g 4 §5ds HBI C 6" kade Otihe Wordudhat baBtef ini &f s1sL€k ¥ ays onto
a thernpsetting cqQnduct,ive astﬁ. The eval uatiqgn stanf’iard t%pe of
conduct 78S p FS yPe C8FC Ph TR EE 1Mo GF YA Ret B AR DI Tous.
( Eval uainfarestdanidarad)i affien twhéchoade otomeormiys emplageduirdthmderidheart.
condi tions recomended by the manufacturer (150C, -30 m nutes) the surface
resi stance val ue was about 25 nQ) sg.- (a resistance value of 25 a 39 for an
ant enna<@fethofnafi fiormimg angenaagien  radie tiregursrE l1derthEleRsiAbNnsi der ed
conpl et ge Mg & resi stance val ue of 25

First embodiment

The following explanation concerns a first embodiment of a
nethod of forming an antenna for a radio frequency identification
medium by which a conductive paste is used to form the antenna
according to the invention.

According to this embodiment, a screen printing method, for
example, is employed to print an antenna-shaped pattern of a
thermosetting conductive paste on a prescribed location of a
substrate on which an IC chip is mounted. After printing the
thermosetting conductive paste on the substrate in the antenna
shape, the printed side is exposed to infrared rays, preferably
near-infrared rays, to cure the thermosetting conductive paste.
An antenna is thus formed on the substrate by curihg the
thermosetting conductive paste.

An antenna-forming test was carried out by irradiation of
infrared rays onto a thermosetting conductive paste. The
evaluation standard, type of conductive paste and type of
infrared light source were as follows.

(Evaluation standard)

When the conductive paste was cured under the conditions

recommended by the manufacturer (150°C, 30 minutes) the surface

resistance value was about 25 mQ/sq. (a resistance value of 25 Q



mY sq. was obtained by infrared irradiation. (Type of conductive paste) A
415CM by Asahi Chem cal Laboratories, KK and an FA333 by Fujikura Kasei
were used. Roughly the sanme results were obtained wth both. (Type of

| ight source) Near-infrared irradiation |anp (Q RLO0OV-1000W D by

Ushi o. Denki) Far-infrared irradiation |anp (Q RL0O0V-1000YD by Ushi o Denki)
The di stance fromthe Iight source to the conductive paste was 20 cm
(Test results) The results for the surf@are resistance values (units:'

mQ sq.) are shown below in Table 10. (Table 10) Near-infrared Far-infrared
irradi at fop anratémia 0 |k hAMRNKOaRQCE HXPAHH 4 xpgsure 33 -
- 10 segﬁrfﬁ(é)osure 26 15 secs exposSre 18 _ - 7, 'séé% (%?(’%(%5392818 26 30
seas exposured 1267 YGRS &oppdere when o5 resystansecwpduer of- 2590 secs
exposur em/sq. wasg Xbtseirsedyosmwfeared irrddidfiogase of near-infrared

i rradi at ippaMtH éé]?dw[kfﬁ'r' infrared irradiation |anp, 25 mes/'sq. was
reached F%O 15-seconds. - I?%stt%é case of far-infrared irradiation with the
far-infrared®i 434 Y dpahdnFhemscat sLabbprawsr ieaqc ke bAd38n4PASESOBES.
These resufilousd aeddes SRaW LWBal.i I kaGiRt§ AV d .2 1ol pirared, .

i rradiatjgn Lagg and with a far-inf raér’edyi rradiltag'\el 5%%%5%“3’5% eRER1Re get
performance in a shorter tine than by the conventional hot air blow ng
met hod. (Piee mdy Ytilghtefsoueck¢ judged as an adequate effect. considering
that a | ' f: l; about mnutes i s required by the
a2 ﬁtl{]dafl‘l.&r#eft el Cﬁradﬁ%%n oS ASrAldN- 93 0b%/5e0Y Ushio Denki)
Far-infrared irradiation lamp (QIR100V-1000YD by Ushio Denki)

The distance from the light source to the conductive paste was 20
cm.

j

(Test results)

The results for the surface resistance values (units: '
mQ/sq.) are shown below in Table 10.

[Table 10]
Near-infra. -i i iati
ool :i?;p Far Mraz;:;zrad:.atzon

5 secs exposure 42

8 secs exposure 33 —
10 secs exposure 26 —
15 secs exposure 18 :_
20 secs exposure 18 ) 26
30 secs exposure 18 26
40 secs exposure - 22
60 secs exposure —

90 secs exposuvre -_— —
120 secs exposure - [ —

In the case of near-infrared irradiation with the near-
infrared irradiation lamp, 25 mQ/sq. was reached in 10—15-sec6nds.
In the case of far-infrared irradiation with the far-infrared
irradiation lamp, 25 mQ/sq. was reached in 30-40 seconds.

These results clearly show that irradiation with a near-
infrared irradiation lamp and with a far-infrared irradiation
lamp achieves target performance in a shorter time than by the
conventional hot air blowing method. This may therefore be
judged as an adequate effect-considering that a curing time of at

least about 20 minutes is required by the conventional method to



40 obtain a resistance value of 35 no/sq. when using hot air at 150C. A
conductive paste expresses its performance by evaporation of the sol vent
and thernosetting of the resin which are contained therein. In other
words, it is believed that the effect described above efficiently provides
the conductive paste with a |arge volune of heat, and that this causes
curing to proceed in a shorter tine. Incidentally, the tenperature of the
paper surface on the opposite side frogpthe side where the conductive
paste is applied reached 170C upon irradiation with the near-infrared
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tand), the temperature of the conductive paste itself is

believed to reach a considerably high temperature.
[Effect]

As explained above, employing infrared irradiation for
curing of a conductive paste allows curing within a shorter time ~
than by a conventional hot air curing system, and the shortened
curing time for the conductive paste thus improves productivity
for radio frequency identification mediums.

Second embodiment

A second embodiment of a method of forming an antenna for a
radio frequency identification medium according to the invention
will now be explained with reference to Fig. 4.

In the antenna-forming method of this embodiment, a paper is
used as the substrate 1 for mounting of the IC chip. As shown in
Fig. 4, a coiled main antenna member 2 of the antenna is first
formed by printing with the conductive paste. A screen printing
method, for example, may be used for printing formation of the.
main antenna member 2 and for subsequent printing formation of a
Crossing wire section 5, which is explained later. After cuiing

of the main antenna member 2, an insulating material 4 is formed



wire section 5is printed on the insulating material 4 in connection with
one end of the main antenna nenber 2 using the conductive paste in the
sane manner as for the main antenna nenber 2. This is cured to obtain an
antenna. The insulating material 4 is a m xture of an epoxy-based
ultraviolet curing resin and insulating inorganic fine particles of
silica, talc, alumna or the like. The mxture is printed and exposed to
ultraviolet rays for curing. The insulgfing material 4 is coated to a
coating thickness of about 15 pm for exanple, and cured by ultraviolet
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greater) even with the epoxy-based ultraviolet curing resin alone,
and it may be used directly so long as the substrate is non-
permeable (non-penetrable), such as PET. When a paper material
is used as the substrate, silica may be added for thickening to
prevent permeation into the substrate.

Silica was therefore used as insulating inorganic fine
particles in the insulating material, and an insulating property
evaluation test was conducted with different amounts of added
silica. As indicated below, the amounts of added silica for the
test were from 2 to 8 parts with respect to 100 parts of the
epoxy-based ultraviolet curing resin.

: The materials used were Adekaoptomer KS830 and Adekaoptomer
KS871 by Asahi Denka Kogyo, KK. for the epoxy-based ultraviolet
curing resin, and Aerosil 200 (mean particle size: 0.015 pm) by
Nihon Aerosil, KK. for the silica.

After forming the main antenna member, the insulating
material was coated onto the main antenna member to a coating
thickness of 10-20 pm, and cured by ultraviolet irradiation

(output: 4 kW, irradiation time: approx. 1 second). A crossing



and their resistance.was neasured. The resistance was judged on a scale

|l evel, and in the table, indicates that all ten were judged as having a
satisfactory condition of insulation, O indicates that 8-9 were judged as
insulated, A indicates that 5-7 were judged as insulated, and X indicates
that 4 or fewer were judged as insulated. [Table 11] Epoxy-based Silica
resin/silica Insulation wultraviolet condition curing resin KS871 Aerosi
200 100/8 0 100/5 0 100/2 X KS830 osil 200 100/8 100/5 O 100/3
[Effect] 1In this experiment it was confirned that insulating materials
conprising mxtures of epoxy- e lttavigle I resLAS,an L1ica
Cagpbe ﬂ%gﬁ ST R R IW%?Q%ﬁhggg %éggcééﬁéﬁéﬂféJ%%g gg%%goﬁg ?%§$
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met hod éFabkberdhl a nulti-layered 43 circuit for a radio frequency

i dent i f i[catomorese (i URF R CON| drsrgsiioa |t pedatipent i on Wil | now be expl ai ned.
. ultraviolet condition
i curing resin -
KS871 Aexosil 200 100/8 ©
100/5 3]
100/2 X
KsB830 Aerosil 200 100/8 ©
10075 ©
100/3 A
[Effect]

In this experiment it was confirmed that insulating
materials comprising mixtures of epoxy-based ultraviolet curing
resins and silica can be used as insulating materials for
crossing wire sections in non-contact IC modules. It was also
found, as shown by the results in Table 11, that when the
insulating materials are coated onto paper substrates, using

! silica at 3 to 8 parts with respect to 100 parts of the epoxy-
based ultraviolet curing resin is even more satisfactory for
formétion of the insulated sections. Very small silica such as
Aerosil 200 was found to be particularly effective as the silica.
While this conclusion is not indicated above for the materials,
it was confirmed that large silica of 1 pm or greater has less of
a thickening effect and has a minimal effect of improved fixing

property since it is not incorporated into the fibers of the
paper.

Third embodiment _
Another embodiment of a method of forming a multi-layered



As the nmulti-layered circuit according to the present invention, one
havi ng an antenna function is preferred. Accordingly, hereinbel ow the
formati on nmethod therefor according to the present invention will be
expl ai ned by exenplifying an antenna as the nulti-layered circuit.
Specifically, the antenna is obtained by alternate printing of a
conductive layer and an insulating |ayer on a paper as a substrate. The
substrate on which the nulti-layered cigxuit is formed is not specifically
limted and may be one described above. However, the substrate is
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i s possible to'inmprove efficrentyPby$ P2P55r £BAi RBe PRAReEUrIed) mave as
a phot odes t:ha;r@hhgﬂyithm;gnpaspe. The nﬁgﬁta@i b:yngyﬁeﬁéai?rgaﬁphn%ti ng
i nitiatogyd PRYmfd ] e insulating paste e the sane
ones as used . im the_cgn‘éﬁlgtgfiééq%g%%%f ﬁ)earrtr’lagﬁlraHlﬁ pgif%‘ﬁgg%rﬁﬂ?d:%em
are cotbithtioREIsNispBRY eEé31 nar ainprgariionimetphoads et Thegarcadaiay sitss
' formed by screen printing of one of the conductive pastes

described above on the substrate. The printing method is not

limited to screen printing.

The insulating layer is formed by screen printing of a
publicly known insulating paste containing insulating particles,

a binder and various additives. The printing method is not
limited thereto. . '

The insulating particles in the insulating paste may be of
silica, alumina, talc, etc. Silica fine particles with a mean
particles size of no greater than 1 nm are particularly preferred
since they contribute to thickening of the ink and maintenance of
the coating film shape. However, the insulating particles are
._. hot essential if the insulating property can be guaranteed
without them.

The insulating paste used may be any publicly known material
such as a permeation drying type, solvent evaporating type or
thermosetting type. By including a photosetting resin in'the.
binder it is possible_to improve efficiency by further shortening
the curing time as a photosetting insulating paste.

The photosetting resin and photosetting initiator that may



that have excellent insulating properties. Figs. 5(A) to 5(F) ‘illustrate a
nmet hod of lamnating a circuit. First, paper 11 is prepared as the
substrate (Fig. 5(A)), and a circuit 12 is forned by printing thereon
‘using a conductive paste (Fig. 5(B)). After drying and curing, the
sections to be connected to the circuit situated on the upper |ayer side,
for exanple the end sections of the circuit 12 as illustrated, are
designated as the non-printing sectiong, 13 and the insulating paste is
printed .onto the other regions to forn1an insulating |ayer 14 (Fig.

5(9). f ! guﬁsag ang B EUL L acglntghﬁ)%stbnﬁlg ahé Nghd aé’a%e Thes2RQt B8kd

circuit fzanc prin |ng to the Tnsulating layer 14 in
connectuonthethonﬁectavermﬂﬁﬁﬁ4(Nﬂﬁiﬁ%@NlBFﬂMtEHeg%%ﬁ¢ FEORY, thiems ager cui t

12" -is Egﬁglngrcﬁ.gﬂsagg QH&%’ $&d ths Ald katIBgignghsesddtingicaltan ysitscui t

12" (the sections to be connected to the citcuit on the upper |ayer side)
are desitgadt éé"&seﬁﬁﬁlb?’i‘?ltE&F%&H%?rﬁertéﬁa then an insulating layer
14' is formegigstosiag ebhe(FY emmrs;mmé dr methodnalf clameichatHing. a5(E)). I n

ddi t h it _121f | at
ayer 1A NEommESEPBh POFPh that ot Brestea sont | S g oo dbh s

circuit 542&))i,saddi edciaauitut2dig FQgmesy Py) Printingr /e UsdnGeFeat ed f or
al ternatg, éldu%h%' BEs’BE Xﬁf g Ci5 Ay LS %&t@@ddkpiﬂbaéwgcdﬁyﬁﬁt% to obtain
ee

a printed wrin W th an antenna c¢onnected %- I ti- Iayered
ci rcui-t SePE3engr §6eRei AERBECEMR TR it FiRcHAhgSSheRted P2 Hif BT gi ve a
radi o ffl%@lé&n%idlede!ﬂbtf bR &b D& ﬂ?éjldﬁﬂ sEeeiehecofi thé «ionneidt il@n aset hod by

nultl-la r|n alternate C|rc se e C t t hod
wher eby * %Slgeﬁ()naﬁ?l ﬁ?%“dg R2%YS oanss t&r e% he #ea”?%‘% %‘%’rvﬁc%%nel%t %51?3\/\“ le
the ot heqhese@tsudne:,lagepaatal iy prbntied mt0H<§hevthe¥ heegrasefo foFlest on

15 not niéi&‘lta% pbO 1%3&”?& h@ﬁ' gigdynat e%f'%%Eedr%[i‘ﬁg 45 Whati o JraXe smay

be partl or rereli a e connecti on he™ non- Rri nt ed sect [ ons, a
conduct iHPEUlAFARINAFYBE héwl gnothen G iREd todél ERetABIEDhiRI "EEE ons.
Al so, thater dde dasallelingnesgssard |in neethebeiba asthlthstrated. Vari ous

devi ces, #%gleﬁ%&ﬁgaghflgflhgrlxteg CLLFHP % agt.o &'H?S Erljié\.lli-é %r %% (‘Elhlé%u' t

formed AventTon, . _
dried and cured (Fig. 5(D)). The end sections of the circuit 12'

(the sections to be connected to the circuit on the upper layer
side) are designated as non-printed sections 13', and then an
insulating layer 14' is formed onto the other regions and dried
and cured (Fig. 5(E)). 1In addition, another circuit 12" is
formed by printing onto the insulating layer 14' in connection
with the non-printed sections 13', and this circuit 12" is dried
and cured (Fig. 5(F)). This procedure is repeated for alternate
printing of the circuits 12 and insulating layers 14 to obtain a
printed wiring sheet 15 with an antenna connected to a multi-
layered circuit. Post-processing of the printed wiring sheet 15
can then give a radio frequency identification medium.

The electrical connection method by multi-layering of
alternate circuits used here was according to a method whereby
partial non-printed sections are formed to allow connection while
the other sections are totally insulated. However, the present
invention is not limited to the method illustrated here. The
insulating layer may be partial, or for more reliable connection

at the non-printed sections, a conductive layer may be newly



connection according to publicly known nethods including wire bonding
(WB), anisotropic conductive filnms (ACF), anisotropic conductive paste
(ACP), non-conductive paste (NCP), creamsolder balls, etc. If necessary,
t he connection site may be protected or reinforced by a publicly known
underfill material or potting material. Also, the entire

mul ti-layer-nounted circuit section nay be coated with a coating nateri al
or filmto protect it from external faggors. Exanples of nulti-Ilayered
circuit formation according'to the invention are provi ded below, with the

uEder Et alpahmgeahatrei:hehesrs@@ep@:inﬁéw ée‘&‘(‘.‘ighbon ABsé N E}% ‘A’é\?rﬁelxj @oe%( I:_:ft

t her eby 0 tosett] conductive paste m Xt Uure

of . Si | Ves%@é@g%iﬂg ge?geg? ’sﬂlq\?élra tgdwders, both by Tokuriki Honten,
KK. (at a wei Yarieusi demicé;s,Z)sucan rsxIer ehfifs, ohay NS SRAAELD BRRENELEI OXi de
by EIf Al d { ekaopt one CP-66 by Asahl
Denka Kohﬁﬁhﬁnlﬁj)gr%éxgkd ratfo@&fgg §y3fg§inla d’?—ﬁg cﬁé% &Qé’ﬁélthlv oRY500 by
Toyo BongPneRRmWe?%c%mme@ Foliigly( Fhowl Ge bl HnclRdengnwarewei ght
ratio of b6hd3Ag5(wBnd é#iéélﬁfoﬂ&@%@n@ﬂc‘éﬁ%@ ixﬁé p{}ﬁ:ﬂ)ql lanlg g%gcgg a

hot t ctive ste (1) to be use or t nven
FP?eBZ?a%%gﬁu(g? g%o? ‘-'It‘)%/re? !to AF )l'gélzﬂnaFPHSUEESY%)PMa(@ﬁPd;eer&nSE’dzlbgrAsahl
Beﬂka AKKalbs, tmphabaﬁdes{s};ryﬁe?ha eeﬁﬁ%&idrp%lac%d A" 93 #rgggggegy
ratio OEBSZfél%*‘% TR ey Sy B AR Fegephiotoset prhging

I nsul atl’ﬁ@ ?ﬂé’s"t‘ (J) to be used for the invention. Exanple 76 The paper
Comuett e s B mep MR SRl os gt e GH BSy w

conductlggafg&‘t sed was LS-415-M em cal
Screen printing Jvé% goﬂ‘tatﬁ/ir%ﬂ t9e Hilm &o pyoskownitniFomy. 6(A) nade
of Tet orentd=and mnmgs .2 180 nesh and capable of printing in a thickness

of 15 pm Dr Vg 1g..¢ . e carried out in a hot air oven at 150C for
30 minutes. %4 Q:}L %s %q&%gsfeia‘b’o"r‘ﬁ{’& ifogmagfkonagcordingstal the an

1nventlon are provided below, with the understanding that the
scope of the invention is in no way limited thereby.
(Preparatlon of photosetting conductive paste)
A mixture (F) of Silvest E-20 and Silvest TCG-7 silver

powders, both by Tokuriki Honten, KK. (at a weight ratio of 8:2)
a mixture (G) of the epoxy limonene dioxide by E1f Atochem and
Adekaoptomer SP-170 and Adekaoptone CP-66 by Asahi Denka Kogyo,
KK. (mixed ratio: 100:3: 3) and (H) the polyester Vylon 500 by

; Toyo Boseki, KK. were combined so that (F), (G) and (H) were in a
weight ratio of 65:30:5, and further kneading with a triple roll

produced a photosetting conductive paste (I) to be used for the
invention.

(Preparation of photosetting insulating paste)

Adekaoptomer KS-871 by Asahi Denka, KK. as the photosetting
resin composition and Aerosil 200CF by Nihon Aerosil, KK. as the
silica fine particles were mixed in a weight ratio of 92:8 and

kneaded with a kneader to obtain a photosetting insulating paste
(J) to be used for the invention.

Example 76
The paper used as the subStrate'was NPI-55 by Nippon Seishi,



I nsul ating paste for double printing of a pattern with the plate 17 shown
in Fig. 6(B) made of Tetoronn" and having a 180 nesh and capable of
printing in a thickness of 15 pm and drying and curing were carried out
under the sanme conditions. A circuit pattern was fornmed as a triple
conductive layer (circuit) through a process involving. "conductive |ayer
printing with plate 16 and drying" - “insulating |ayer prlntlng.mAEh pl at e
17 and drying" "conductive |ayer prin?gng with plate 16 and drying".
Exanpl-e 77 The paper used as the substrate was NPI-55 by N ppon Seishi,

(1) predrod i sts. cEBeRER Tr i REFHY Vond S RETISnr Py RS Rty ©

shown i F-alioraterAespaé&. of STeeen opdivitaingy Mawingrai§80ouuﬁwithﬂtheﬁpmﬂﬁee of
inti ' hi; ek fra15. [ r u |

P; Ir gél: gtg'ido%hg’tﬁall%u%?gt ig\szé’%dxgggé O&S%é&%%?fﬂ‘%/ 8%9 Elhrrggrslgréedf?l % I‘[étegs'\r/%}avaeridengt h

range ofcaPRRPIS0QInprinsing Anisothigknasfetofl L8akmde Pawpng Tard curing

ol LG e e Ee B e o 1 oo 2% 1 s hown

[ [ t . ngl.e printing of a

i H o, BB Broacebi Shedial Likerrhrigs Ko HeshtheR ReMAT o

printi ngrismlazingi pretesfot dSulple mnih uilm][gi bgowaﬁacﬁgf:h ediﬂuttra&gﬁilfhﬁ%y

[ [ 2t : lat kb ve c ne ed i.n a
wevel endin s oabe 16y #4g5. BB (4 of MRfcFon Bl BRPER rEared g dhe
appar at §#P3R1¢ PEUPEipALrgr in vRistiisThned saofalbr ip) candrdtring eand ayer
(circui idurifigougReacRE@E8E Sou PR NG heC RRAECELNGi L BYSE. - A IR0 W th
plate 16 %pd curingt - "insulatiq&{layer printin wth plate 17 and
curi ng" PARESIRoHAGEPTReRa9R 2 pri IR S FORME t AV S £3Y9% EivF €t Inghropgd
f ol | owi rg paceesenpaveal viag eXaomd st e nﬁqalrypaiﬁtm% &w% h;&lQ{tSHJbG{G \é;hd ]

' ' « Co ' e pa use e, substrate wa
NP1 55 55 Shon oepehret fpg ARG mednbiRglBRED £ BREs STt W g T5C M
by Asahi"CCRENFEaVe Lawerapoineing W thsplesr pbiand ndryiasg'carried out with
t he pl aegkampbeshown in Fig. 6(A) made of TetoronT" and having a 180 nesh

. I nti in a thickness of 15 pm Drying and curing
and capabIeng BEbQE'QQed as the substrate waspNPI-S b;)Nippon Seishi,

KK. and the conductive paste used was the photosetting conductive
paste (I) prepared above. Screen printing was carried out with
the plate 16 shown in Fig. 6(A) made of Tetoron™ and having a 180
mesh and capable of printing in a thickness of 15 pm. Curing was
carried out by light irradiation at a cumulative dose of 5000
nJ/cm® (measured in a wavelength range of 300-500 nm) using a 160
W/cm metal halide lamp. The aforementioned photosetting
insulating paste (J) was then used as an insulating paste for
single printing of a pattern with the plate 17 shown in Fig. 6(B) -
made of Tetoron™ and having a 180 mesh and capable of printing in
a thickness of 15 pm, and curing was carried out again by light
irradiation at a cumulative dose of 500.mJ/cm? (measured in a
wavelength range of 300-500 nm) using the same light irradiation
apparatus. A circuit pattern was formed as a triple conductive
layer (circuit) through a process involving "conductive layer .
printing with plate 16 and curing" - "insulating layer printing
with plate 17 and curing” - "conductive layer printing with plate
16 and curing".

The following are comparative examples with only a single



were carried out in a hot air oven at 150C for 30 m nutes.. Conparative
Exanpl e 13 The paper used as the substrate was NPI-55 by Ni ppon Seishi,

.KK. The conductive paste used was the photosetting conductive paste (I)
prepared above. Screen printing was carried out with the plate 16 shown in
Fig. 6(A) -made of TetoronTM and having a 180 nesh and capable of printing
in a thickness of 15 pm Curing was carried out by light irradiation at a
cunul ative dose of 5000 ml/cn2 (neasyted in a wavel ength range of 300-500
nm using a 160 Wcmnetal halide Iag; I n Exampl e 76, Exanple 77,
Conparative Exanple 12 and Conparative Exanple 13, the surface resistances
vere neeeRdegtiye FhHeEWdsp@dtve circuit termnals. The results are shown

i n Tabl @omd&ratdbvé eBtarigl@miBabl e 12, better results were obtained in
Exanples 76 gnd 77 than ip Conpar at | ' 2 cand 134 d
regi ons of tﬁ}ée RS lﬁquff Eﬁ‘eF?gwg‘%% t sg%lséczzts?ogg ﬁlg%g??nﬁ?%gﬂ ast e.
[ Tabl e RR] &udftte coslwitbdvee paistechpediwas érﬁﬁ‘ﬁaﬁc"("‘rrﬁﬁsﬁ.s?hllﬁgﬁ*b%‘éa 6 7
Exanpl e diboddto epAg] Ve BaPheid2idd wid maalddeuExaiphetid glate
[EffectI e met hod_ descri bed abov% realizes parallel and,serial, cipcuits
in’lini t€dskpweein Bi94 £ - Mydsne d3?5°§?%r£8’e°! a9 &r f‘ﬁ rESP A AD
frequengyphpest bf i gain®ingredi wntiiicknaspaperlsm.substyiageanduauihggan | C

chip. Fourth enbodi nent .The foll ow ng exp | r urth
enbodi nBREE oFAERE A P %Eh A faoﬂﬁtnélﬁegﬁga %igg?%dn‘ea; %(}?%%aﬁtiﬁlﬁgégf conducti ve
| ayer aonipapakcive eBxatplrceld/al ue, without requiring increased

manuf act uri ”Qhéo'ﬁléﬁef”ué)&?&?sr OB uBLEREEE  wdd NFIE 55 bysiigbbaAnseishef ence
nugeral 31 desighates a thin antenna. First, a pair qf. ant egngtli\g(e)ps 33
are fork8d oBhgpeonductive paste used was the photosetting condu

paste (I) prepared above. Screen printing was carried out with

the plate 16 shown in Fig. 6(A) made of Tetoron™ and having a 180
mesh and capable of printing in a thickness of 15 pm. Curing was
carried out by light irradiation at a cumulative dose of 5000

mJ/cn? (measured in a wavelength range of 300-500 nm) using a 160
W/cm metal halide lamp.

In Example 76, Example 77, Comparative Example 12 and
Comparative Example 13, the surface resistances were measured at
the respective circuit terminals. The results are shown in Table
12. As seen from Table 12, better results were obtained in
Examples 76 and 77 than in Comparative Examples 12 and 13. The
shaded regions of the plates 16, 17 in Fig. 6 are the sections

bearing the paste.

[Table 12]
Surface resistance at
circuit terminal (mQ/sq.)
Example 76 7
Example 77 14
Comparative Example 12 19
Comparative Example 13 40
[Effect]

The method described above realizes parallel and serial
circuits in limited spaces, or large-volume data storage, and

further a radio frequency identification medium with a paper



side of a sheet-like substrate made of paper or a thin film Each antenna
| oop 33 is conposed of a conductive |ayer nmade by screen printing the

af orenenti oned conductive paste. The antenna |oops 33 are forned in a
symmetrical pattern at symmetrical. |ocations on either side of a folding
section 34 fornmed at a position dividing the substrate 32 into two parts.
Next, glue 36 consisting of an adhesive or tackifier is evenly applied
onto one of the antenna | oop-forned sur{ ces 35. The substrate 32 is then
fol ded at the folding section 34 so that the antenna l.oops 33 are on the

i nsi de. ;ﬁgsggg@g%u@@ jf?tc%l each other by folding are laid over
each other through the Er escribed pressure is then applied to

attach and join the tvvo antenna | oops 33 to produce an antenna 31. Fig. 9
is a cr oswsentémwdmﬁéﬂystration of a part of the antenna 31 obtained by
t he net hod d Pe:ﬂ]eabove attaching the matching antenna | oops 33
with the gl ue THE R G (¥ Rg 2R3k BANECRERRS 38 fana thi emboHinEot nef anh

intricat @Igmma oﬁrsrmlfrcg miertdhoal st’eatignea ﬁﬂ;ﬁ I&Ilﬁﬂﬂéke-EP%oHBEEQhOQ 93‘%&
ant enna ah@ORS, rat o forma single antenna | 00
t hi cker ?:onduct%\s;e@é%yste%%fhpéﬁg Vegl‘é‘ﬁ ‘a'nt’faerﬁ’rﬁ'rslfgwlf‘ﬁrﬁa%%r r esi st ance
val ue. PBIRYrachiwiing fastiscati pnephratiomiafifoitst.he i nvention, this

drawi ng does motthH AW 1R FARYBhI ngefgg%ft(_oét RheMily ?1 Egs#%écg%gp S rTDUht ed

or the c&g@&&tl ngkw 2: section situated across par gI ue
used may be spray ‘gride 58 REAGf At RPN 1epist ddpase feNhed&ikon Gmee of t he
ot hsr gl tide mfhita chedtbdite sapsatste gada s E%ﬁeQnBP thhfyr%flﬁﬁ to be
provi dedzamy iy t op_b a screen printrng nmethod or
gravure coati rﬁ%@nnglt& gg'ag IIZ’? £ go’f‘%”%% ‘%/fpﬁt cendyRtive h%abé?ﬁlm%i%/hﬁ one
surf ace Bt T r§&$§-f‘9a$éeoﬁfmwttmemtc@mdactdmé b&stor Methe |dhtadfid i on

to coatl sas3aaxkeEbrmkl or fine line
pat tern. qégnkg tlac res;rm I atﬂgiaegé Acr%]ﬁrﬁ%%@J ?ggfbp% {-\A'?%Iﬂ‘b?"sﬁﬁc%agaku BASF,
36’ f7°8yehtﬁ8ﬁ #1de; ﬁ;ﬁnfOMQ§ng sectlon 34 formed at a

position dividing the substrate 32 into two parts.

Next, glue 36 consisting of an adhesive or tackifier is
evenly applied onto one of the antenna loop-formed surfaces 35.
The substrate 32 is then folded at the folding section 34 so that
the antenna loops 33 are on the inside. The antenna loops 33
matching each other by folding are laid over each other through
the glue 3s6. A prescribed pressure is then applied to attach and
join the two antenna loops 33 to produce an antenna 31.

) Fig. 9 is a cross-sectional illustration of a part of the
antenna 31 obtained by the method described above. By attaching
the matching antenna loops 33 with the glue 36, the matching
antenna loops 33 are directly joined at 1ntr1cate sections
forming a state of continuity. The matchlng pair of antenna
loops 33 are thus integrated to form a 51ngle antenna loop with a
thicker conductive layer This gives an antenna 31 with a lower
re51stance value.

For greater clarification of the gist of the invention; this
drawing does not show the mounting section on which the IC chip
is mounted or the connecting wire section situated across part of
the loop.

The glue used may be spray glue 55 manufactured by Sumitomo-



Vi ni bran 270 by N sshin Kagaku Kogyo, KK. Superflex SF110 by Daiichi Kogyo -
Sei yaku, KK. Natural rubber |atexes Pol ybutadi ene, polyvinyl ether,

‘pol yvi nyl al cohol, styrene or nmaleic acid dissolved in a solvent. \Wen the
glue 36 applied for attachnment is thin (about 3 g/cnR), light pressure
(about 2 Kg/cnmR) is sufficient for attachnent. Wien the glue 36 is thick,
both heat and pressure mnay be. applied (for exanple, 30 seconds at 5
Kg/cn2, 130C). A thin antenna was thengobtained by an antenna loop in the
shape of a 1 mm x 1000 nm conb- shaped pattern, by the attachnent nethod

descri bgd agove.ojanle éﬁe AW h'ﬂﬁeé exﬁéﬂéisodféfvﬁ {E%Q%H igﬁ? alb§ pesistance

val ues tof gan' attached thin antenna obtal ne . pressure applied
for theapplirdhrandio (Bimpgvwfaceathnkatprovigre fMeithapnatnbened 199m kntaenna

obt ai ne, :\.’&& f}néﬁm&,c%td&%rpfprih%%g%ﬂét%&%&urg‘%am%t EBQéPﬁ%&ﬁé‘EIﬁQd and
ant enna attachnment "(antennpa 1,” antenna 2 he forns of

o0ps prior. to :
gl ue appt i’EagX PO RS SRRis L FpEPCERE oFRt a6 ok °§pﬁPFc§PF%ﬁ°%nﬂf pEit er n
coat i hgsubsEsftectdn eihichl vheCc anttenha VEoop ki svaforin8d15CIM bgdLsbdn €dhemni cal

Labor at Or | : : for: Lysprinti
e Crreede Oy e BHRSE VA0 R ol o TR R M
appl i ca@@®¥eHppl i cation coating Antenna 1 20 20 20 Antenna 2 20 20 20

Sinmple 10 20 10 attachnent Heating/pressure 10 10 10 (units: 0) As shown
in Tabl e 13 above, the resistance values are |owered by the attachnent. O

parti c U EFEHOTE WATIP HEHE*85d pressure were applied the resistance val ues
were hal f tircromed tE230aDy blyups tehibi siei e kABASFONRBKL N al | cases. These

Lot Cons R VA v, REBRIABEE WA, O3 Lav o para o

: Vinibran 270 by Nisshin Kagaku Kogyo, KK.

Superflex SF110 by Daiichi Kogyo Seiyaku, KK.
Natural rubber latexes

Polybutadiene, polyvinyl ether, polyvinyl alcohol, styrene
ox maleié acid dissolved in a solvent.

When the glue 36 applied for attachment is thin (about 3
g/cnf), light pressure (about 2 Kg/cmz) is sufficient for
attachment. When the glue 36 is thick, both heat and pressure

may be. applied (for example, 30 seconds at 5 Kg/cm?, 130°C).

A thin antenna was then obtained'by an antenna loop in_the'f'-'“'

shape of a 1 mm x 1000 mm comb-shaped pattern, by the attachment
method described above. Table 13 shows the results of measuring
the resistance values for an attached thin antenna obtained with
light pressure applied for the attachment (simple attachment),
and for an attached thin antenna obtained with application of
heat and pressure (heating/pressure) and antenna loops prior to
_____ attachment (antenna 1, antenna 2). The forms-of glue application- --
were thin application, thick application and pattern coating,
respectively. The conductive ink was LS415C-M by Asahi Chemical
Laboratories, KK., and the antenna loops were formed by screen

printing in a thickness of 15 um.



the thin antennas was confirned. Because of a |lack of continuity between
the two antenna | oops after sinple attachnent wwth the glue by thick
application, the resistance value of one of the antenna |oops was
nmeasured. [Effect] Thin antennas with | ow resistance val ues can be
obtained by this very sinple nethod that involves laying two antenna | oops
together by folding and attaching themwth glue. It is also possible to
reliably lay the two antenna | oops togeéher w thout mnismatching. Thin
antennas can therefore be obtained without trouble. By attaching and

j oi ni ng t\ygbqgt ggpa | oops with the same resistance value by heat and
pressure i s posSsible to Mth-1/2 the resistance
val ue. Thys, even when t he pd {%'i’i'fg“’f ngxpensi ve

mat er-i al s |having high resi it AFRAEIRG 114 of the
resul ting |t hi nAntemranb isireduc?d to half. 2& is fhereB® posdible to
achi'eve a| promsténnsilvilaj to &26i npl ¢ ant @a nafle of 2an exgdensi ve

mat eri al th asikmplier esi sfance Mal ue. [Each zontennp Toopomay Qe fabricated
with its qwn gptaichimentesi 4t ance val uej The antennp resistande val ue can
therefore %ﬂh@rjﬁgggugg B0 OMg g S [taw 3§ Torjresrgpance (in parall el
connecti ons— thereforetecomes—easter—to—set—reststance—vd ues for thin
ant ennas |Hn&5ﬁfopﬁ1ty with desired uses, w thout having to provide

nuner ous typeasobhowanditicTalvbe NES albcdles the k8istdmewasdlarpsarkbreover, by
| ayi ng t e Spibst tach a oi.n _the_antenna
Iogpsgof qgg'%ggéuégotﬁ egf':itéé dlll(rgcr 'beéi’faégc%\t/:%gureél % adce%o thh attanpgnna to
bendi ng P¥esgureavese FApLiedythe rasdmtansadiaiuep prgenthaliforehehe dr awi ng.

Fig. 10 %Qg%tancgeﬂélﬁéﬁ6Pntl¥@eafrﬁ:éﬂ%saaﬁeﬂgalélam%a@%%n f‘i‘h@@@ wé§eseen
in this illustration, a crack 37 has occurred 1 n the antenna_|l ogp 33

where it FR34SEBBAST YRLRES 1B v%‘?ﬁa‘?rd%}cﬁc(‘-l’lﬁheoh‘ﬁt%rﬁ% tor &¥3l1lrdops 33 are
di rect |y coaneetiaasexahdi tieas a&mwffmnblfnmbﬁyrfﬂésléﬁh&m%ntvarlﬁh&sl gop 33 in
which th r 3 curred i ovided b C ant enna.l oop
35, Cont thal £y Bt PROn L L Con ST HECenls ' of aaey B GrERIReity
between the two antenna loops after simple attachment with the

glue by thick application, the resistance value of one of the
antenna loops was measured.
[Effect]

Thin antennas with low resistance values can be obtained by
this very simple method that involves laying two antenna loops
together by folding and attaching them with glue. It is also
possible to reliably lay the two antenna loops together without
mismatching. Thin antennas can therefore be obtained without
trouble.

. By attaching and joining two antenna loops with the same
resistance value by heat and pressure it is possible to obtain a
thin antenna with 1/2 the resistance value. Thus, even when the
antenna loops are formed using inexpensive materials hav1ng hlgh
resistance values, the resistance value of the resulting thin
antenna is reduced to half. It is thereby possible to achieve a
property similar to a simple antenna made of an expensive
material with a low resistance value. Each antenna loop may be
fabricated with its own specific resistance value. The antenna

resistance value can therefore be determined based on Ohm's Law



<<I C chi p nmounting met hod>> The follow ng nethod may be nentioned as a

met hod for nounting an I C chip on an antenna forned by any of the above-
ment i oned ant enna-formi ng met hods. Adhesive joints are formed onto an
antenna-provi ded substrate at the nounting position on which an IC chip is
to be situated on the substrate, by a printing nethod using a conductive
adhesi ve substance (K) at term nal sections corresponding to the term nals
of the I C chip. Adhesive joints are fganmed by a printing nethod using an
insul ating adhesive - substance (L) at the non-terminal sections. The IC

chip is falhessihtaiide tieparagteat eobﬂe&bﬂér@comﬂ eher@RobeNYE S ©
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to both t anten&f and "FRE"HRY 2P B0, Continuity of the
entlre antenna 31 is thus properly ensured.

<<IC chip mounting method>>

The following method may be mentioned as a method for
mounting an IC chip on an antenna formed by any of the above-
mentioned antenna-forming methods..

Adhesive joints are formed onto an antenna-provided
substrate at the mounting position on which an IC chip is to be
situated on the substrate, by a printing method using a
conductive adhesive substance (K) at terminal sections
corresponding to the terminals of the IC chip. Adhesive joints
are formed by a printing method using aﬁ insulating adhesive -
substance (L) at the non-terminal sections. The IC chip is
adhered onto the substrate by thermocompression bonding to
achieve positional anchoring of the chip and connection
reliability.

The substrate used may be one of those mentioned for the
aforementioned substrate (E). .

The antenna may be formed on the substrate by a publicly

known method such as printing, using any of the aforementioned
conductive pastes.



term nals. The conductive particles will typically be a netal powder,
especially silver powder. Conductive nmetals other than silver, such as
‘gol d, platinum copper, nickel, cobalt, palladium rhodium etc. may al so
be used. The insulating adhesive substance (L) has the function of

posi tional anchoring of the I C chip by adhesion and of preventing short
circuits between the conductive connections, as well as that of
protecting. .the conductive connectiong,fromexternal shocks. It is
therefore preferably conposed of a resin with high adhesion to the netal,

the substrat an&% f}%’%{ ;Hbft t?l@ §BGenttBs! Ml colduB te¥eehhgBsiv@sul ating

properties, to absorb stress and strain generated by
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gl yci dyFoBEREFLVRfCoRRgHeitit YAWdith shgpﬁ%ﬁm&n¢¥ dﬁyﬁl EPdRy #Esins
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and anlggmponents, and it is preferably a conductive paste with strong
adhesion to both the antenna and the metal of the IC chip
terminals.

The conductive particles will typically be a metal powder,
especially silver powder. Conductive metals other than silver,
such as gold, platinum, copper, nickel, cobalt, palladium,
rhodium, etc. may also be used.

The ihsulating adhesive substanée (L) has the function of
positional anchoring of the IC chip by adhesion -and of preventing
short éircuits between the conductive connections, as well as
that of protecting the conductive connections from external
shocks. It is therefore preferably composed of a resin with high
adhesion to the metal, the substrate and the circuit on . the
substrate, with excellent insulating properties, and with the
ability to absorb stress and strain generated by heat shock or
physical shock. 1In cases where it is difficult to achieve
insulation with the resin alone, an insulating filler, for
example silica, alumina, glass, talc, rubber or the like, may be
added thereto.

The resin which is an essential component of the conductive



conmpounds, phenol conpounds, acid anhydride conpounds, organic acid
conpounds or oni um conpounds, (2) liquid cyanic acid ester resins
represented by 1, 1-bis(4- cyanat ophenyl ) et hane, and netal salt catalysts,
(3) bismaleinde or addition products of bisnaleinde and di ani ne
conpounds, and am no conpounds, allyl conpounds or radical generators, (4)
liquid allyl conpounds represented by diallyl phthalate, and am no
conmpounds or radical generators, (5) tréallyl i socyanurate or triallyl
cyanurate and am no conpounds or perOX| (6) polyvalent active hydrogen
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|rrad|atkppﬁboj;]# nt| the chip._ In the case of
in the wiveE % e i ﬁF$PSFB|g1yc1dyl ethers of blsphenol A or
bisphenol F, or liquid €poxXy resins represented by 3,4-

epoxycyclohexylmethyl-3, 4- —-epoxycyclohexyl carboxylate, and amino
compounds, phenol compounds, acid anhydride compounds, organic
acid compounds or onium compounds, (2) liquid cyanic acid ester
resins represented by 1,1-bis(4- —Cyanatophenyl)ethane, and metal
salt catalysts, (3) bismaleimide or addition products of

) bismaleimide and diamine compounds, and amino compounds, allyl
compounds or radical generators, (4) liquid allyl compounds
represented by diallyl phthalate, and amino compounds or radical
generators, (5) triallyl isocyanurate or triallyl cyanurate and
amino compounds or peroxides, (6) polyvalent active hydrogen
compounds represented by polyethylene glycol, ‘hexamethylene - - --- -
glycol and glycerin, and isocyanate compounds, (7) liquid
acrylate compounds such as polyethyleneglycol diacrylate,
trimethylolpropane alkylene oxide-modified triacrylates, etc. .and
radical generators, (8) wvinyl group- containing liquid polyoleflns
and radical generators, (9) vinylsilane compounds and SiH group-
containing compounds, and platinum catalysts, etc.

The conductive adhesive substance (K) and insulating



light to ultraviolet light, a publicly known photosetting resin
conposition is added.. Exanples thereof include combinations of epoxy
resins and photocationic generators, or acrylate resins and photoradical
generators. Publicly known additives such as rel ease agents, surface
treatnment agents, fillers, pignents, dyes and the |ike my also be added.
As rel ease agents there may be mentioned waxes, zinc stearate, etc., and
as surface treatnent agents there nmay q§ menti oned -sil anecoupling
"agents - As-fillers there may-be - 4 oned silica alumna, talc, clay,
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The adhesive substance may be previously placed in a
semicured state by heating, electromaghetic irradiation or
electron beam irradiation prior to mounting the chip. In the
case of light irradiation in the wavelength range of from visible
light to ultraviolet light, a publicly known photosetting resin

- composition is added. Examples thereof include combinations of
epoxy fésiné and photocationic:generators, or acrylate resins and
photoradical generators.

Publicly known additives such as release agents, surface
treatment agents, fillers, pigments, dyes and the like may also
be added. As release agents there may be mentioned waxes, zinc
Stearate, etc., and as surface treatment agents there may be
mentioned -silane- coupling agents.  As-fillers there may- ‘be
mentioned silica, alumina, talc, clay, etc.

All of the respective components of the conductive adhesive

_substance (K) and insulating adhesive substance. (L) may be mixed
to make a homogenized varnish, or an even dispersion prepared by
kneading by appropriate publicly known means such as a kneader or
triple roll. The adhesive substance is prepared as a viscous

fluid. in a temperature range which does not degrade the substrate



Fig. 12(A)). (ii) The insulating adhesive substance (L) is used ,for
application by a printing nethod to forman insul ati ng adhesive section 25
‘whi ch does not cover the sections of the termnals 24 (two shown here) of
the 1C chip 23 (Fig. 11(B), Fig. 12(B)). Before noving to the next step,
the insul ati ng adhesi ve section 25 may be subjected to treatnent such as
heating, electromagnetic irradiation- or -electron beam. irradiation, -
or--it- may..be-.nmoved.. . ...... _55_.. directly to the next step.
(iii) The conductlve adheS|ve substance (K) is used for application by a

printing,pehl riﬁ’tiﬂ%mt'ﬂ[iﬁ NRlbs2dhesl Y8 aSSTid®tntdd 1R ts'ﬂt%s@:'r"a@élt 21 to
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chijp 23 (Fig 1&&5@15& 42 &nein Ehgétggd Qifieﬁﬂp'ﬁ’e cawlla%eauan' h such a

manner that t esive sections are wt erature range of
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' The following steps are carried out to mount an IC chip 23

" at the mounting position A of a substrate 22 on which a circuit
21 has been formed as an antenna on the surface by the method
described above.
{i) The circuit 21 is formed on the substrate 22 (Flg ll(A),
Fig. 12(a)). - T
(ii) The insulating adhesive suﬁstance (L) is uséa"fdg'Mlﬁ%E”wwu.

application by a printing method to form an insulating adhesive
section 25 which does not cover the sections of the terminals 24
(two shown here) of the IC chip 23 (Fig. 11(B), Fig. 12(B)).
Before moving to the next step, the insulating adhesive section
25 may be subjected to treatment such as heating, electromagnetic
irradiation- or -electron beam.irradiation,.or.it.may .be. moved. . _ ... ...
directly to the next step. i _
(1iii) The conductive adhesive substance (K) is used for
application by a printing method to form terminal adhesive
sections 26 on the circuit 21 to a greater thickness than the
insulating adhesive section 25 so as to ensure contact with the
terminals 24 of the IC chip 23. That is, (the height d of the
insulating adhesive section from the circuit) < (the height 4d' of



' [ rocedure according to the invention may be followed by coating
g?u?hgngnﬁirety or part of-gnunted portion with a potting material or
cbating material. {Effect] It is thus possible to sinplify the .
manuf acturing process for a radio frequency identification nmediumwt at
mounted I C chip. Wiile the presently preferred embodinents of the presen
i nvention have been shown and described, it will be understood that the
present invention is not linmted thereto, and that various changes and
nodi ficati ons may be made by those ski 19%d in the art without departing
fromthe ope_of t?e lLnvention as set forth. in the appendeg cl ai mg._ 57
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to cl ai mdvinghereithe hestnfsitaped rays irradiation onto -said printed

surface are n@@&yifHQYEHN%h&%Y§3 is placed by an appropriate method so as

- to match the positions of the insulating adhesive section 25 and
the terminal adhesive sections 26 formed in the steps of (ii) and
(iii) above (Fig. 11(D), Fig. 12(D)).

(v) An appropriate apparatus is used for thermocompression
bonding of the IC chip 23 (Fig. 11(E), Fig. 12(E)). This is
preferably carried out in such a manner that the adhesive
sections 25, 26 are within a temperature range of 40-250°C, and
within a time range of 0.1-120 seconds and within a pressure
range of 0.1-0.5 MPa. After the thermocompression bonding, the
reaction may be completely terminated by postcuring with heat or
electromagnetic irradiation.

This completes mounting of the IC chip 23 (Fig. 12(F)).

In order to protect the mounted portion of the IC chip, the
mounting procedure according to the inventioﬁ may be followed by

| coating of the entirety or part of mounted portion with a potting
material or coating material. '
{Effect]

It is thus possible to simplify the manufacturing prbcess
for a radio frequency identification medium with a mounted IC
chip. —— . C e .

While the presently preferred embodiments of the present
invention have been shown and described, it will be understood
that the present invention is not limited thereto, and that
various changes and modifications may be made by those skilled in
the art without departing from the scope of the invention as set
forth in the appended claims.
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WHAT IS CLAIMED IS:-

1. A method -of forming an antenna for a radio frequency identification medium

provided with an IC chip and the antenna, said method comprising the steps of:
printing a thermosetting conductive paste in a pattern with a shape of said

- antenna on a surface of a substrate on which the IC chip is mounted; and
irradiating the printed surface of said thermosetting conductive paste with

infrared rays to cure said thermosetting conductive paste.

2. A method of forming an antenna for a radio frequency identification medium
according to claim 1, wherein the infrared rays irradiation onto said printed
surface are near-infrared rays.



