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the Invention The present invention relates to a conductive pasfe and a
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use as ID cards, tags, name tags and the like, that allow reading
out and writing in of data using read/write devices even at
distances of 4-3 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 sandwiched therebetween an
antenna for transmitting and receiving data.utiiizing
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 identificatieon medium, being typlcally
just such a non-contact ic card, requires the antenna connected
to the IC chip to have .a thin_shape[__Methedsremployed to form
such antennas include vapor deposition methods whereby a metal is
dlrectly 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



2 antenna shape to formthe antenna. O these antenna-form ng nmethods,

the highest sensitivity thereof is exhibited by antennas forned by netal
vapor deposition methods. However, when irregularities are presenE5quL 2005
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 inirregularities on the netal

vapor deposition surface. This has led to inconveniences including
greater turbulence of the electromagnetic field distribution and |ower
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satistactory- "work ty. - Specifically,-the productivity of the
vari 8058eRBAuf act uri ng steps such as screen printing of conductive
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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



pastes usually contain solvents, and the performance is exhibited by
evaporation of the solvent or by evaporation of the sol vent coupk%d tﬁhﬁ
curing of a binder resin. A phenol resin, polyester resin, or th HU d
is used as the binder resin. However, conductive layer formation with
thernosetting conductive pastes requires heating at 150C or above and
treatnent tinmes on the order of half an hour or |longer. The processing
time for formati on of conductive layer formation for antennas, etc. is
therefore longer. Furthernore, deterioration of the substrates on which
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THE | NVENTI In the ght of these circunstances, it % an object of the
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. Howewver, as mentiocned 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 layer 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 used,
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.



present invention 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 n@tefifapps
that has an inferior heat resistance as a substrate, and to inprove
productivity for radio frequency identification nediunms, by providing a
conductive paste and conductive paste curing nethod, a nethod of form ng
an antennas for a radio frequency idlentification medium enploying the
conductive paste, and a radio frequency identification nmedium which are

capagbﬁuﬁigrggo&ugnQNVEngbnrenent|oned problenms. A flrst aspect of the
present inven
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photosetting resin composition in a weight ratio of 50/50 - 985/5,
and the conductive 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 pm, 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 m’/qg,
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-mentiocend photosetting conductive
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



Furthernore, in the above-nentioned photosetting conductive paste, it is
preferred that the paste further contains at | east one processability of
printing/bending ability inprover selected fromthe group consi s5 dig. 2008
silica wth a specific surface area of at |east 100 nR/g, an apparent
specific gravity of no greater than SO g/l and a nean primary particle
size of no greater than 30 run, a saturated polyester resin with a
softening tenperature of 100C or be$ ow and a nunber average nol ecul ar
wei ght of 1000- 50,000, a poly-vinyl ether resin with a glass transition
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(Tg) ppbbtbEeartive 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-methylphenylthio}phenyl] 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-

trichloromethyl-(4'-methoxystyryl)-6~triazine, iscamyl p-



below in 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 may contai a3 dUL 2005
volatile solvent. A fourth aspect of the present invention is to provide
a conductive paste curing nmethod characterized in that an ultraviolet
irradiation lanp with infrared ray em ssion is used as a |ight source,
and a conductive paste is irradiatedowith light fromsaid |light source
for curing. In the above nethod, the ultraviolet irradiation | anp may
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In addition, a fifth aspect of the present invention 1is 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



a substrate for nounting an I C chip; curing the conductive paste;
printing an insulating material conprising an epoxy-based ultraviolet
curing resin and insulating inorganic fine particles onto prescribed
sites for the crossing wire section; curing the insulating nate25qUL9ME
ultraviolet irradiation; formng the crossing wwre section onto the

cured insulating material in connection with one end of the main antenna
menber by printing wth any one of 4 he above-nentioned conductive paste;
and curing the conductive paste. An eighth aspect of the present
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present invention is to provide an | C chip munting ne nount i ng
an I@?E%?% of forming a multi-layered circuit for a radio frequency

identification 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.
Furthermore, the multi-~layered circuit may preferably have a
function of an antenna.

A ninth aspect of the present invention 1s to provide a
radic 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
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: 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 symmetrical pattern

positioned symmetrically around a folding section formed on the



onto a circuit on a substrate, the nmethod conprising the steps of:
formng a circuit on the substrate on which the ICchipis to be
situated, by printing with any one of the above-nentioned condug§ilyk 2008
paste; curing the conductive paste; form ng connecting sections with
termnals of the IC chip on the substrate by printing with a conductive,
adhesi ve substance; formng insulating sections in the nounting position
of the I1C chip on the substrate bygprinting with an insulating adhesive
substance; placing the IC chip at the mounting position; and

ther o SIS Uhboing. 1AM 8BBYgihieql Ge obb Paf Teavtnbhogot These

and obj ects an nt ages o Ed sent. invention wll becone
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reflect ance of a silver vapor, depositi OE surface at different
wav @l iRt andijpin he BFhHRIs REAG2ab88PPt ance of a conductive paste
in di ffergi:manel @ngtdh ragivwith asperpabiEsohet praséneeishertionFig. 3 is

a graph show ng surface resistance_v S t t,forpo
constRE DR Yertinis Cﬁ}]é’a B 1 m&i@%ﬁdﬁ%l@%ﬁgé?g a,utl %? (\é\ﬁgase
whergaib ifdiaradi 6 raradci aatumsrtdaatmp was ms@hoanqomareasw W es BAPS
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[ nSLﬁ,@iﬁmgoasi@ us esbddcthe amtelmdreasublsdanget ofeheipgespaulpnddat i on.

Fig is an jllustration of an an~a n d
acco?‘tﬁ‘ffgo”f% et ‘?elg%‘ﬁrftmrﬁlé)nc{l on O% the |gcaEB? Iﬁrslt{r:gtélr%ﬁgg?gthﬁg
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a Crgﬁfpsf§tﬁﬁgwﬁoﬁﬁiiﬁﬁrﬁgéfﬁhdﬁ,i%d@aEheQﬁo compression bonding

from above the IC chip for mounting.
These and other objects and advantages of the present

invention will become clear from the following description with

reference to the accompanying drawirgs.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a graph showing reflectance of a silwver 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(A), 5(B), 5{C), 5(D), 5(E) and 5(F) are
jllustrations of a process for formation of an antenna according

to the present invention.



antenna formed according to the present invention. Fig. 10 is a

cross-sectional illustration of a bent section of the antenna forned
~according to the present invention. Figs. 11(A), 11(B), 11(C, 11(D) JUbans
11(E) are illustrations of an exanple of nounting 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 as viewed through a cross-section of
the IC chip mounting position by the method according to the present

i nvention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

<<Conduct } ¥&s Pagigy>a k' §1p £rdadi MENis dhe: fidnssb rephaditingt pdfateanduat i ve
paste according to the invention ] Egpotosett|n con uct| past e
conpPFERR§NT cHOPRABE F i Ee podvie? iﬂﬂ)lﬁﬁéi Mo PISEE M5 ¥5hp03|t|on

(Bl)me@ﬁo@sé@@ékainéoﬁﬁoﬂﬁ'@ﬁrefﬂ‘rﬁ: chraekratiiore powder (AI) |s nost
preferably, silyer for control of the re5|stance val ueand

sol der coft¥npfi of, anali$ﬁﬂﬁﬁ??%%9rﬁﬁuﬂﬂ ARIEL P Lo PRe AOERER S si | ver, such
as gﬁbﬂmln@lm@tHUﬂ]acabkaﬂm@ntor&hxhpMBSHnuIundankeomay be added. The

conduct i Vﬁbgo"‘ﬁ'eﬁs(é' ) 5 gfﬁieren PRY; &l S9r 08 & JH o reél%f\rltn\eobe@h Y rshed

di fferent wdér $3wit properties inc ng “nmean particle
si zeacspedifhg cteurhacprasent ahavertpleensity, in order to satisfactorily

control AFE rbnggng BEQQEIﬁé/ctBSﬁJPr?PMs&Ja)tl%nd%&dral Plag tcrduct i ve
powder ( %E 25 JUL 2005 10 scaly flaky) conductive

powdertema 2 Oﬁﬂédu§§9°§§l?gst°e%EﬁHR¥%ﬁeQﬁmﬁ&¥ N-According to the

present i pygnt !I.Oni.stQecrdgﬂdﬁé&tﬁoﬁ@ndilmtus&&epn\mhelbf(Al ble):lthaﬁ:ca:lon
dendritic s

a ferred.to deternln t r a nean
partPEIEhgi?%gﬁﬁga0§8§mi§ ) L - s T |fpb R acg gﬁ@% gﬁ B'5-5.0 ne/g
and a taprigensiityapf 01381, Olgltthﬁ 1ht) (yd tlHdEgcalng Gdrldlfd'{ﬁaxféogtﬁ/\der
(ALl-2) has g s ﬁiﬂ yogrmghggyﬁg °rc A PEAL d Gl £ 2060 rbsinl0. Opm

a spe0|?lc surtace area a tap density of 1.0-5.
g/ cngnvEheiennduct i ve powder used |s preferably a conbi nation of the
dendriticpegadugbic¥s, pewder, (A ¢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 paste>>
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 silver 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-1l) and (2) 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 inprove conpatibility with the organic conposition k? bP?
paste containing the conductive powder (Al) and to inprove the JUL 2005
di spersability of the conductive powder in the paste, the conductive
powder is preferably subjected to surface treatnent either during the
production steps or after productiong of the conductive powder. The
surface treatnent agent used may be a surfactant or another organic
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used 1r>ra9n|§etaepasﬁi&| 9rkhbakY SRRIUGT e SediMs ¥ hdfl Pea’&lg\ﬂtt h free
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preferr resins that react with cationic active species are alicyclic

epox§°8§Hﬁﬁﬁﬁasp°Hggfane conpounds, al kene oxi de conpounds, gl yci dyl
et her conpioundseandovimykoet heompanpoididsy Witheittiserorgeade, any two or

nor e f, f1yth
ot aFSARBRERaBnTRY ChE pRE i Eant fLERND (R sﬁ*f“%aﬁo%?eﬂé%&.’sa;m

25C ﬁndoﬁ:e?ellmpéog’ﬂaiiéﬁtééspﬁﬁéa Fhgtwi 2h thfe SRS Re PRE)
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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 (Bl} comprises, 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, «-
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,



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
exanpl e a phenot hi azi ne derivative, a xanthone derivative, a 25 juL 2005
t hi oxant hone derivative, an am nobenzoic acid derivative, a polycyclic
aromati ¢ conpound such as anthracene, phenanthrene or perylene, or a
conbi nation thereof, or a reaction aid such as a hydroxy conpound, am no
conpound or the like. Here, it is plteferably added at 0.01-100% w th
respect to the weight of the photosetting initiator (Bl-1). The wei ght
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55/45 -

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
te the weight of the photosetting initiator (Bl-1).

- 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 compositicn
(Bl).

The resin (hereunder referred to as the resin (C})) that can

be added to the photosetting conductive paste according to the



may be used alone or in conbinations of two or nore. The sol vent
(hereunder referred to as the solvent (D)) that can be added to the
phot osetting conductive paste according to the first enbodlqppgupﬁmghe
i nvention may be a publicly known one. However, in order to avoid
residue in the systemafter the curing reactlon It preferably has a
boi ling point of no higher than 250C. Exanples include'hydrocarbon

sol vents such as t-ol uene, cycl ohexare, nethyl cycl ohexane, n-hexane and
pent ane; al cohols such as isopropyl alcohol and butyl al cohol; ketones
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pol yemtenversudh asxder to 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 stirrer,
and then evenly dispersed with a kneading machine such as a
triple roll or a kneader.

The viscosity of the photosetting conductive paste according



pol yet hyl ene terephthal ate, pol ybutyl ene terephthal ate, polyethylene
napht hal at e and pol yal | yl ate; and pol yi m des, pol yam des, poneéEer

am des, polyim de am des, polyacetals, polyether sulfone, polye diL 2003
et her ketone, polysulfone, acrylonitrile-butadi ene-styrene copol yner,
pol yvinyl chloride, silicone rubber, natural rubber, synthetic rubber,
etc. For inproved processability of printing and fixability on the
surface of these substrates, it mayabe subjected to chenical treatnent
such as coupling agent treatnment or prinmer treatnent, or to physical

treat fephe SEERsBSehBHQDR B SEH A HE {1 AHITRAN isPbaskBrabl QAERBAL 1000
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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 primer treatment, or to
physical treatment such as corona discharge treatment, plasma
treatment, ultraviolet treatment or peclishing 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'byra~screen7printing method. The printing
thickness can be optionally contrcolled 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 pm, and a more preferred
printing thickness is 10-80 pm.

The light source for curing of the photosetting conductive

paste according to the first embodiment of the invention may be a



For further inproved properties after euring, the substrate may also be
subjected to heat treatnent by oven heating, hot air bl ow ng, in& %
rays or mcrowave irradiation before the light irradiation, afte ﬁmg 005
light irradiation or sinultaneously with the light irradiation, so |ong
as it does not cause any notable deterioration such as coloration, heat
shri nkage, softening, brittleness or carbonization. To prevent
deterioration of the substrate theilgeating tenperature is preferably no
hi gher than 150C, and the heating tinme is preferably within 15 m nutes.

. ExanpLigsiwa bl kReWnbener gubﬁeast ) @x@ﬁ%&ﬁtwr@ﬂmwham@m osetting
conducti ve, pastes accordln Lhe first e qﬁant ?pd their pattern
prlnFPHSrghﬂ pHBFB?BFFlW@r PF@p ?%?1o$}%ﬁtﬁﬂé§ &t GG Ragfddd e past es
Exarrabceim&rlﬁiaﬁlﬁr emataulTﬁglmﬁepb@ﬁpse:téncng Yed N acqmesid tijons) Trd1ef
conposi tion i ste n Table 1 a were mxed and stirred for at
oS SBOCRIAHF LS X o 2 B5m PENBEF alhbe: vl BHeGAUET Mg FUBYGHETES obt ai n
un|fanﬁlmethrhaladepmampsehrengspeesal&yxpnﬁﬁaﬂnam“ban@dwe|qﬁﬂuhﬁﬂii n
phot t a t 20 wh
[Tab?g?ﬁ%igglﬁ’pp%l% bUErgBaTheant Oy | IS IR 5P ey B 0% o
100 rwpggoof 3096800 nm. . - - M110 - - - 100 - - - - - BMM5 - 55 - -
- - 2 E@ﬁé 1§ten51tx of the Ifbﬁ€|£€h£§e Tanp 1%1#§eferably'E&!aZ|nS PMVB

1 81§east 40 W/cm,_andzmogwsprﬁf?r@b%y at féast SGbQVFg‘byTW§Ight)

[ Photameaative aesenghqli 24Q: £é¢ ophatdd M r(gpdlsy gidefleead gl MOOI-

di-acryl 3h6) psPEQfuUCt ) 9o d @3 P88 418K 500-10, 000 mI/em? in a
wavelength range of 300-500 nm. For removal of the volatilie
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 explalin 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 photesetting

resin compositions to be included in photosetting conductive

pastes for the invention.



M 360: Aronix M 360 (trinethylol propane ethyl ene oxi de-nodified
triacrylate), product of Toa Gosei, KK. M110: Aronix M 110
(p- cunyl phenol ethyl ene oxi de-nodified acrylate), product of REJEP%&E’
KK. [Photoinitiators (Photosetting initiators)] BMS: Kayacure B
([ 4- met hyl phenyl t hi 0) phenyl ] phenyl met hanone) product of Ni hon Kayaku,
KK., 2-EAQ Kayacure 2-EAQ (ethyl anthraquinone) , product of N hon
Kayaku, KK., Triazine A: TRI AZINE Bjs -
(2,4-trichloronethyl-(4"-nmethoxynaphthyl)- 6-triazine), product of
PANCH&QB§@ Ir|a2|ne PMS: TRI AZINE PMS (-2;4-trich-1oronethyl--(4'-
thaxysfyryl)-6-triazine) —product of P Nm_u. SA. KT046: gAGURE—KTO 46
(m xtExameie 2" 4 6} riketlhvPhehz ol dﬂohnnvﬁ nkoeﬁhl he bxilde® ofi g3
[ 2- hiyrdr 249 - 2- net hy) -30q 4- 00 ret-hy | Jvi my| ) pHhyl LOPBr ppkite]] 3A@ | 100
net higsDgBgopnenonel deL T jat LVe),1o@rjoduct [ oi_Tgnbert| Co. | CacT {1 nTPO:
Luci Fr—FRo{(2—4—61--Fatyoprzoy FpenyHIresphe—exree)—produrt of
BASH¥o!t02 5 Jul boos |1671-R1om i) §8%ufe1d — | —
(bi syBMa, 6-trinct hyl denjoyt) pheéhyllph8sphi ne |oxide), prdduet §f € bk
Specf @l ExNg Chem cal PhgtOSEDSItIZLﬂg agentj [ﬁﬁ?: Kayacir e{D\Bl™ |

T —1 N

(i sopsAH— d:wnuhylani obenzpater-1prodte H—d-n - - bl e
2] TEHPEinS) ™14 Ts 6718~ KR rﬁ; 100 1podod 100 1 -— | 85
KS- gfririazine P@o -~ ] wR6j05-- | =-]-40d 9-5 -+ nnerre di oxi dp - -
- - 'KTO@@U - - WHOQ- |- = -]- = -+ 100 XDO[- = - r - |5 —_SP} 170
- - ST CP-6G—— —13—3—3T% S-Lyguusuum T § OO | - -
R EE T CE R D I I M i) 3

I-819 — — - _ — — — 2

DMBI 2 2 2 z — — — — —

{parts by weight)

[Photoreactive resins]
M-240: Aronix M-240 (polyethylene glycol diacrylate), product of
Toa Gosel, KK.
M-360: Aronix M-360 (trimethylolpropane ethylene oxide-modified
triacrylate), product of Toa Gosei, KK.
M-110: Aronix M-110 (p-cumylphencl ethylene oxide-modified
acrylate), product of Toa Gosei, KK.

[Photoinitiators (Photosetting initiators)]
BMS: Kayacure BMS ([4-methylphenylthic)phenyl] phenylmethanone),
product of Nihon Kayaku, KK.,
2-EAQ: Kayacure 2-EAQ (ethyl anthraguinone), product of Nihon
Kayaku, KK.,
Triazine A: TRIAZINE B (2,4-trichloromethyl-(4'-methoxynaphthyl) -
6~triazine), product of PANCHIM SA,
Triazine PMS: TRIAZINE PMS (27 4-trichloromethyl-(4'-
methoxystyryl)-é6-triazine), product of PANCHIM SA,
KT0O46: ESACURE KTO 46 (mixture of 2,4,6-trimethylbenzoyl
diphenylphosphine oxide, oligo [2-hydroxy-2-methyl-1-{4-(1-
methylvinyl)phenyl] propane] and methylbenzophenone derivatiwve),
product of Lamberti Co.,
Lucirin TPO: Lucirin TPO (2,4,6-trimethylbenzoyl
diphenylphosphine oxide), product of BASF Co.,



phenot hi azine - - - 0.5 - - - - - (parts by weight) [Photoreactive

resi ns] KS-BQO: Adekaoptoner KS-BOO (m xture of epoxy resin and aromatic
sul foni um salt conpound), product of Asahi Denka Kogyo, KK., KS-Zd73lL 2005
Adekaopt omer KS-871 (m xture of epoxy resin and aronatic sul f oni um sal t
conmpound), product of Asahi Denka Kogyo, KK., UVR-6105: CYRACURE

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

(1-net hyl -4-(2- net hyl oxiranyl)-7-oxabicycl o[ 4, 1, 0] hept ane), product of

ot her” %l%fogﬁg%ugfewsﬁﬁﬁn (oAisK@l 4560 WA 9%&%}?ﬁ%ﬁy$%é&ﬂ¥é

(1, 4-omiisled- eprpdugtoRdt §HPIan§Pﬁ6%??-ﬁ§tﬂb?‘}‘l%%z%?le) product of Toa
CoseipndfosleRIAtQizAing dlgeht j( Photosetting initiators)] SP-170:

Adekao onmer SP-170 arorratlc s | fo t co rodu t of ahi
Denk RVRIgy Sevi x ) TBT 1 Lo60mY L1 poRARE BT ALONTARA . B (S ia

sul f griiHeR scallytamqnmund), product of Asahi Denka Kogyo, KK. Exanpl es
19-50 %rﬂ) éltlons , B, Cand D as conductive powder were obtained by
m Xi Svédt E-20 and Silvest TOG7 silver powder s bot h by Tokuri ki
Hont nnxa:@ae at 80/20 (Wi@t), 180} 182(\W1du] 148F/3% [wtéw)1And _¥8/25
(Wt / Rp - aﬁ:orrposmlon E fvalmm)t]aﬁmed.tiw o0 hg-Si | vest | E20{ wi-t h| 8Bl yest
TCG fxsTE¥sr POWIET Dy FORUT TRI_ HPTTEN KRR 13 oL 25| WM Wl [T flesin
conppsiiions—obi.adhec—i S e e ﬁye'}ﬂd wi-Hh-c-ereiire ¢
powdePYRIAHOFi fferent sbl venls Tnlthe |propbr i ohd®Cohr s by e git)
showplimohebkedi8xadd 4justng a $ti—+rer—apd—t hpn—supl@& d-+to| —

hi gh ﬁuggb RTeadi ng W Th & Kfieadey, — 1o abt al 0. photoSEt U nj 1@ flucii ye
past pe—Fhese—photeset{rg—epravetr-ve—pastep—nerp—usep—to—jrake— s by
screpfd 8r|nt|na onto subsfrales ih a 1lomwydih k T m
SP-170 - — — — — 3 3 3 1
1CcP-66 — — — — — 3 3 3 1
9-cyancanthracene —_ 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 cempound), 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 (l-methyl-4-(2-
methyloxiranyl)-7-oxabicyclc{4,1,0]heptane), product of ELf
“Atochenm Co.,

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

XDO: XDO (1,4-bis[3-ethyl-3-oxetanylmethoxy)methyl] benzene),
preoduct of Toa Gosei, KK.

[Photoinitiators (Photosetting initiators)]

SP-170: Adekaoptomer SP-170 {aromatic sulfonium salt compound},

product of Asahi Denka Kogyo, KK.,



| ength pattern-with a screen plate having a 180 nesh and capable of
printing in a thickness of 15 pm The printing thickness of the printed
| ayer was about 15 pun. The paper used as the substrate waslﬂzgfmhﬁﬁ

Ni ppon Seishi, KK. The pol yethyl ene terephthal ate film used ¥ a
S, by Toray, KK. The curing reaction was carried out by irradiation for
6 seconds in a conveyor-type irradiation apparatus, using as the |ight
source a high-pressure nercury lanpmsith an output of 4 kw at 80-w cm
for Exanplesl9--31,- and a-netal- halide lanp with an output of 4 kw at

80 WheOkEOr AE¥AEBbESn82c 5066 UNdesmi BES esu Cidithiund @Rt icampewnd)gti ve |i ght
anopunt in a vel e gth rgnge of 300-500 nm corresponds to about 2500

m)/ cREORBFEL A ﬁ?GH-pP%Q grBe9¥Rr ¥y | anp and about 5000 mi/cn? for the
nmetal halide | anp. For the exanples that enployed solvents, the

pattg Bilntfg aubstrate was irradiated with light after being all owed
to s R1nutes in a draft oven at 100C. 2 5 JUL 2005 18 No

not abl e debmpbei&tipon Buch, a cnﬁoDa@$cnpnduﬁniuﬁﬂmowﬁagewersoftening,

bri tsi;%g?ﬁéd% Ca&mﬂézgne@swﬁé i@u%q%lgaﬁrystofmtdﬁe <S4Rstr gto%%e

The surface re |spanc was determ ne %%2 ggyln vol tage an
meas@pthgbyhBokusisiaHeatpat WwEEn. t 2 § vh@O/éQtﬂ@WﬁW&ﬁver

curl@g/ﬁgh@wgyﬁﬁgcgnaesssggn@ﬁth@fg|nafter were nmeasured in the sane
manner as_above).  The_resul ts aregghomn in Tahle bl e 3]

a
Exanpl e 165805 1E39055 53% 85581593 2o W GPH L ISRGE Fodatt h'g[% le 135
20 35iivest TC6-1 silver- powtlesi by ERakgt £ki2 Honten, 4&K-. ,- at 75/25 - -
conp?akphgp Example 3 - - - - 40 - - - - - _ Exanple 4 - - - - - 40 20
- - -2 "FErample 5 - - - - - - - 45 - - - - - Exanple6 45 - -
The resin compositions obtained in Examples 1 to 18 were

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 kneader,
to obtain photosetting conductive pastes.

These photosetting conductive pastes were used to make
sheets by screen 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 pm. The printing 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 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/em 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.



E, le7 - - - - - - - -45 20 - - Exavple B45 _ r. le 9 - 45
Conducti ve Cbnp05|t|on A6570- - - - 70- - - 70 - - powder osition
-8 - - 65 60 60 60 - 55 55 55 - 55 55 Solvent |sophorone - - ZETELZNE

- - - - carbitol - 2----2---2- - acetate butyl - 3 - - - -
- -3- - cellosolve cellosolve - 5- - - - 5- - -5 - - acetate Surface
paper substrate 150 112 127 100 186 167 95 156 119 110 75 137 123

resi stance n0D /sq. PET substrate 18Q8133 - - - 191 132 - - - 190 - - nD
/sq. Remarks: The light source used was an 80 Wcm hi gh-pressure nercury
lanmp (Wt Iﬂooﬁ@'ﬁﬁ))lezdété'é&o%gg§on19u&ﬂ-a$)é ecddr dilorEX agte siérihkazfe, 35 36
37 38 39 40 41 42 43 Photosetti ng nPI e 10 40_40 40 40 40 20 20 25 - -
- - p@,tﬁnggwppé‘lfgleness or_car onlgs ion wa%cﬁw t%rbr?r’éﬁ(é’rf"p o .

- - substrates4lsed. Exanple 13 - - - - - - - 45 - Exanple 14 - - -

- - - - - - - - 45
Exanpl e 11}‘h_e E)l(%%ﬁf‘:g fgﬁls%ance was determlnewlﬁﬁql\y %@&tlon A 60
- - wvolté@e7@nd0measuringpohdere £bgpasis itk en Ghe two ends of the -

TP ey FgfieE Sring (gpe sirfads SRR R Iat e dere, T T T

- - measured- in thebispok manner-as 8gbove). _The _regadit are shown in
Tables 3 and 4.

(Table 3]

_Eir_ample

Photosetting Example 1
cesin

composition z:;—:i: i
Example 4
Example 5
Examplet
Example 7
Example B
Example 9 - — —

Conductive Composition A 65 7a -
powder
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Composition B - - 63
Solvent Isophorene - - -
carbitol — 2 -
agetate
| butyl - 3 - —
callosolve
cellosolve — 5 - - — — 5 - _ — 3 - —

|
|
i
|
|
|
1

|
»
|
|
[
[
)
1

— 3 — — — 3 — —

acetate -
Surface paper substrte 150 | 112 | 127 | 100 | 186 | 167 95 | 156 | 119 | 110 75 137 § 122
resistance nf /sq.
PET substrate 180 | 133 - - — 191 § 132 - - - 190 - —
ni /=q.

Remarks: The light source used was an B0 W/cm high-pressure

mercury lamp (with ozone).



butyl - - - - - - 35- - - - cellosolve cellosolve - - - - - 55 - - - -
- acetate Surface paper substrate 73 105 81 103 86 55 49 40 81 80 129 80

resi stance nQQ /sq. PET substrate 130 190 165 - - 95 90 101 168 152 - 125
mQ /sq. (2/2) Exanple 44 45 46 47 48 49 50 -Photesetting ExabplUlL m5
resin E- 1. 11 conposition Exaaple 12 - - - - - - - Exaaple 13 - - -
--Ehmls 14 - - - - - - - E le 1540 - - - - - - Exanple 16 - 35 40
2020 - - r, le, 17 - - - - - 40 - HRanple 18 - - - - - - 40 Conductive
Conposition A - 65 60 70 70 60 60 Powder Conposition 8 _ - - - -
Cban$ablen4¢1/1a]- - - - - Conposition D- - - - - - Cbnp05|t|on E 60
[ Bxample = _ Sotvernt—tsq ﬁtu QB 38 | 35. [ Gell LE?L Ji:a,s- EF) ﬁ F a3z |- a0 cgzd] €
bUt Phothsettiog [OSGPIMOOCEl | SO Yao-| 40 { B 4 |-zoaLeb gl & purThGe pPeper —
sub m"a‘t%m 7 {&eanbls 137 20 |57 b/~ [ esistance |n® [ sq.] PEl Supsirlae|131] 103
107{ 9 183 =48 B0 [ sd. -REmarks: | The] 11 dht_bource lised| wag an|8o W cm
met &l halldeIQmﬂ&(HMth czon=)f R5 Jut PGOY ~ § -} ~ ] — | — ] & ] — |
Exampla 1 - —_ - - — — — -_ - - 45
Example 15 _ - — - — — — - — _ — -
Example 16 - - - - - - - - - - - -
Example 17 - - - - — - — - - — - -
Example 18 — - - I - — — — — . p — —
Conductive Composition A 60 | - - - —~ | 70| 70| 70 - — — -
powder Composition B — | 60 | — - — 1= _ _ - = - -
Composgition C — - (] - - - - - — - - -
Composition D - - - 60 - - - - — — - -
Composition E - - - - &0 - - - 55 55 55 55
Solvent Isophorona - — — - - - 2 - - - — —
’ carbitol - 1| - — - — 5 ~ = - . — -
acetate .
butyl - - - - —_ — 3 5 - - - -
cellosolve
cellosolve - — - — — 3 5 - - — - —
acetate
Surface paper substrate 73 | 105 | 81 [ 103 | 86 | 55 | 49 | 40 [ 8L | 80 | 129 | &0
resistance wfl /sq. _
PET substrate 130 | 190 | 165 | — — | 95 | 90 | 101 | 168 f 152 | — | 125
mil /sq.
(2/2)
Example 44 | 45 a6 | a7 ] 48 | 49 | s0
Prictosetting | Example 10~ - | - | = § = fF = | = [ - -
resin Example 11 - — - — - - -
composition o aple 12 = = — 1 - - - -
Example 13 - - - - - — —
Example 14 - —_ - - - - —_
Example 15 40 - - - —_ —_ _
Example 16 — 35 40 | 20 | 20 | -~ -
Example 17 - - - - - 40 -
Example 18 - — —_ — — — 40
Conductive Composition A - 65 €0 | 70 { 70 | 60 | 60
powder Composition B - - — - — - .
Composition C - - - - - - -
Composition D - - - - - - -
Composition E &0 - — — - - -
f Sclvent Isophorone _ .. . | —. )= J =) Z_}- = fmeet
carbitol - - - S - - —
acatata
butyl —_ - - - 3 - -
cellosolve
cellosclve - . - 3 5 - -
acetats
Surface paper substrate 57 46 55 32 29 57 57
resistance m) /5.
DET substrate 131 | 103 J 107§ 95 | 90 | 183 | 143
nl} /sq.

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



20 [Effect] According to the invention there is no need for the
sintering step which has been essential for conductive pastes subjected
to photosetting by the prior art, and thus it becones possible to form
conductive patterns with a surface resistance of 200 m4/sq. or |&%gUL 2005
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 |owep cost is possible. Second enbodi nent
The second enbodi nent of conductive peste according to the invention
conpfgggécéj | east one type of processability of printing /bending
ability rnmprover (F2) as an essential conmponent. The second enbodi nent
of conduc%??@rﬁaﬁget%cEB?d%%@ﬁ@?ﬁqqm¥hq§ﬁmﬁﬂFﬁhnf§dp%8FeF§8Iy a

pEOt9§ﬁ€é£ﬂﬂgc96éycﬁhy@hp@§§ebeéiﬁifééﬂiﬁaﬂaﬁm&nduaﬂhyf;pemﬁast@AZ)3 a

phot osetting resin conpositiaon and a processability, of printin

/ benﬂPh@e%\Bg‘F‘i £9 PP%?%%E’P“H:%Y a@‘%spsrelrﬁﬁ %QtCoﬁBgngh g { o%egﬁfngs °
phot pgesibhg conduchi vendast Eve twet womductiithe 2 powderce( ARpiatdnce of
phot ndygtive resin_co L1 he

ront FORCE Bt RE - BoRaGE LOLt bolaet Ty Eks TR, s28nkl?, RATERGIES e,
conpbscaise [Bihtdéscadbatiabovan st faroddss RsCceey bY ﬁanPFﬁQFb@ﬁding

abi | Lty i, DLONEAs (EQ)a FBY REndfled NN GANIG SHRSEARe8dctRvathakde
specific surface area, snall apparent specific gravity and nmean particle

si zeloBeracopbl yAePOEdHPLBNd with a | ow gl ass transition point.
Specifically there-may be-nentioned-: (i) Silica with a specific surface
area of at le 55.100 n2/ g, an apparent specific gravity of no greater

t hanS86°9 |eaﬁa M™iBhn  primary particle size of no greater than 30 nm
(for exanphe, sAERASI £mBO8DEen B0 K ophwihictes pofs thi hogoAdiogi o KKe) , (i)

Sat UL ALed POLYESHEE ;LES) 08 YLD B R0 A N L20RRLRAIGG 1 9l oFO0C Or Del ow
and a nunber average nol ecul ar wei ght "of 1000- 50,000 (for exanple, VWylon
500, pE30ripybbending FoybiBosERPLoOYeE ) (FAI5 apURmGFSensiadi FPIPPERRFi-nyl
et hepnpesbASKM ERb8dEhass b ABShAhO @OIgste 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-menticned:

(i) Silica with a specific surface area of at least 100 w’/g,
an apparent specific gravity of no greater than 30 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.),



(Tg) of -30C or below (for exanple, Lutonal MO, A25, products of BASF
Co.), (iv) Phenoxy resins (referring to oligonmers or polyners derived
from bi sphenol conpounds and epichlorhydrin) with a softening
tenperature of 100C or higher (for exanple, Epikote 1010, 401dm JUL 2005
products of Yuka Shell Epoxy, KK.). These contribute to inproved
processability of printing and bending ability by pseudo-cross |inking
due to cohesive power or a pennate2structure in the case of (i), by
increasing the total viscosity of the ink and lowering the Tg of the

filmin the;£aseel yPingl et dddins walth abylssbstanhsatipal peehkzation

due to termnal crosslinking in the case of \Y; T e m be used
al on€T@t ¢h C%ﬁéﬁrﬁﬁl?ﬁ%P%ﬁ(é%?f%ﬁQEWFety %h R'Ir4<t;{'t|‘t6]8§f Pﬁéd Weight of

t he gpngineE i ve. powder (A2) to the total melght of the photosettlng resin
conposi tion (B2) an the abi prlntlng/bend ability
Cprover (Rs) Phettrer Byt CGE R tings s, CARGORGF 8 BE b et ABFg S55/ 4% -
90/ 18eriNéd fromilsisplaange] ¢dmpaundﬁﬂanﬁahpochﬂothgdphotosethlag resin

conpos |on §B%%m%re?era éPl (I BJ/%X DQEBEPQQQQ mglbﬁglgpkglty

|npr v nore "~ prefera 80/ 1.
Alsolot@.lﬁﬁhpas mt&d@@#%b¢¢|¥QKQﬁ5hﬂ#i @@ﬁéuetﬁﬁe)paste according to the

second e@ﬁ@é@ﬂ@én%lw@e'w%gmécﬁ pr}%fceslslgaau&eg oENBEen Ry gbgnadded

to the conductive paste any publicly known components such as silica,
aIun?ﬁ%dlﬁgc%blkhF%dhﬁdﬁ%ﬂéﬁ’C%ﬂiﬁ@%ﬁ§“9d98§ tBoF?H%?FY%tPBHer or a
ter horhQES, s t PhEKERS n thd deid OF qlagen@sln&uaaemdgnghe total

agents, - -anti oxda - _dispersants, S, _Qrgani ol ven and _t he
v aiat T HETFAE T SAT R g (8 29naRctrSet pL8 N EREoPdPHg to

t he s&cond) extadd{ dich} , cﬁndrhyi3uhaﬁanﬂ1a¢ap0bemanyzapubh|du9 kRaown one. As
exanpl r t] t e f.erred 0 he_r (O . The
solcgngﬁ%%gf grg?%%Pgﬁg? e(%gﬁhﬁgiﬁ&gﬁpas?ggsgc%%%d?%gﬁggat he
secoaahoeﬁb@mmrﬁor@mw@%i/em ibif fedrp il $GPBE-2 5 JUL 2005 22 any

publicly 1ReWa €18 o FOMEY BFeigHt W@he @cavakdikespouekn (akhecsysham

afte%otgf gg{égg ogagﬁéob oégs {éﬁég%¥g§{nh%%mpoggkkbgg(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 - 89/1, 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
according 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



poi nt of no higher than 250C. As exanples there may be nentioned 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 conyygglwﬂs
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 ment of the
invention is the sane as described 23bove. The viscosity of the
conductive paste according to the second enbodi nent of the invention is
pr ef angbpyblioky1886whoong, OOHpﬂEWEmfﬁblcngbhs¢P ENOdddeBSﬁduprdmide

R, S P ERSELLL 4o 0la L SO AR Lo
condgeunve0§aspeh39b9rdthnt%5@ se%ﬁnﬂ#&ﬂﬁ&ﬁm whetre @Ryt he i nvention is

usedmgﬂtieﬁaaatﬂegée&@fgyréar@@nf5%IfﬁéIBL51nonb§et printing or a publicly
known neth u5|ng a _coater, the substrate .used-nmay be--any--of -t he-
d

exanpl es TﬁﬁnFPBﬁ of othefe’ ag@b%%Y%&69%[55§§ﬁ§$€1YTﬁ€ FEEREG Lo PP ning a

pattesn thhheespéatr abetHsi tgrdheve i WH ithe pastiacaseer golgetro the
i nvention may. i,n_cq rmty wth the exanple

nb
GecoriBia BRBVERoCSRECFEah: “EOtP CEOMREH Yo PE ABWRBPose 11 ng
condpcbcuesahsletyaofopdmngln@/bémdsm;onﬁjenbodmpenvemf(Fhe.invention may

2l 50 be  aRe ALchOASEe BLELLEM) O ADSPIATH B3 01! LoRBYLIRPLAYT ded 1O

expl ain preparation o veé pastes accor
secofiicembodndeanbaddmensi ¢L phe t Brvemprian iisg tied Sph‘@t asetepsagibEdanpl es

51- 6§b80Qt05€BE'095&8§k9y095p9§été&HHhéH%%eP%@%%%S%Ebbk&in@fto the
printing/ bendin overs were first mxed in the ratios (parts

)
by wéFghRR§ PREP amr-ﬁtTaﬁ Egg IMERE N 6 PO &t‘apéﬁstfr%‘ I#PRut8s at room

terrperabureomhmba bl aefsedséy oiml b gddr tiw qi:rtoanﬂeza@p&ldbrze% 23 uniform
m Xt ur es, 1hegesgsar L ssol ution rrled ou%tg¥ a |gg Af ter

rest BFf ﬁﬁseac LhE¥%t GFeP %ng60%1?n %ﬁ%ﬂ%ne fﬁnessho osetplng inrti ator
was atded, mehe nrﬁﬁarebﬁmsfSerleDQQ)tQMﬁO@oﬁ@pt?PESﬁlver powder was

m xed theﬁﬁ@ﬁtthncénéﬁhfi§é1p§§¥k 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 embodiment, 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

minutes at room temperature while blocked from light to obtain



hi gh- shear kneading was carried out with a kneader to obtain

phot osetting conductive pastes according to the invention. These

phot osetting conductive pastes were used for screen printing g{ 2005
substrates in a 1 nmwidth x 1 mlength pattern wth a screenolg I-e
having a 180 nesh and capable of printing in a thickness of 15 m The

t hi ckness of the printed | ayer was about 15 m The paper used as the
substrate was NPI-55 by N ppon Seishg, KK The polyethyl ene
terephthalate filmused was Lumira S, by Toray, KK The curing reaction
Was G £éadl ik tbyeS. t iwmm rierd’e%ﬁaa:tv%,oﬂis%ﬂ.lhtﬁoxlﬁoﬂuel)/@&rkyég bukasiyat i on
apparatus at 7 mn sing a_ 160 Wcm neta alide la under

condieA oS o AR AT ROSRil B Ty =EvEO TE80m f SIRETEEHE TOpERR, KK ) .
- No-ptod adid eet thixieer i rof @i 4 o weUc ledaiedoltheatmikonre - heat sshrrallage,

sof t eni i tt 0 i I_on d.jn_apy.of the

substta esmlus%'d.éﬁ}ggétﬁcgwa&cegg 3%% g@%ﬁ%etﬁge%g?grH‘n%dg%Jygﬁ%ﬁSu?Pﬁg t he

r esilst @ncehdyet Werend g twas arpdericld o pathepankng¢aderctei agtaThe results
ar e SHov d it P! Eordaud& LIRERSSARIIY 1 A BET Bhé Nonyas: geperal |y

eval‘uat ed base on 1 nk spread, plate drogouts, fine line pitch,

repr oduciB1943¢ yphokrzett gy cRddugtdivied Pagtee) vergeb§dobelr 8CEegBod,
proll eimd iy Ve subdieasd all @ 1The ReAdhng abhl iéNgtRSpavBsrparried
out using a 2-kg cylindrical weight ngh a . cross-sectional area of about
20 O forsHEBERRTR DAVISNC® 1Y Oa m5eBcaRr GAPRTAF VP RGP : FBF #RfigPnvar d
whi | £ aehetreds anslf applpym.ng Thd add ke s30ofechadsrintedolvapgrthas | oad and
stanai ng. f1 r%g seconds -. folding outward and applying a |oad for 30
secondd = Tervvi ng the load and standing for 1 mnute - measurenent of
the resi Sthhaeapel uesedas rdwsulstubsiaase28a3g NP2093 bpNtrpeesiedshy,

evalgat | nfh & 8B} StIANGE &/ Al i fHige tQf £1DJ0 R5ed 6385 -BSm{£d. sOVEy +5% and
+10% or | ess as 0, over +10% and +20% or |ess as z and over +20% or

br eadlRRY as¥™. [Table 5] Exanple 51 52 53 54 55 56 57 58 59 60 61 62 63
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 fouﬁd 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 generally evaluated based
on ink spread, plate dropouts, fine line pitch, reproducibility,
etc., and designated as @ = very good, O = good, & =
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 lcad 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 wvalue. The results were



Silver E-20 52 56 52 52 52 52 52 52 52 52 52 52 52 powder TOG 7 13 14 13
13 13 13 13 13 13 13 13 13 13 Photoreact- |inmonene 34 29 30 30 30 - - -

- 857.5- - iveresin dioxide UR-6105 - - - - - 34 30 - - -

Ks-800 - - - - - - - 3430 - - - - BEOGOE - - - - - - - - 25 5232}]]52{][]5
- )M - - - - - - - - - - 34 30 Photosetti- SP—170035030035035
0.35 0.35 0.35 - - 0 35 0.35 0.35 0.35 n4 CP-66 0.35 0.30 0.35 0.35 0.35
0.35 0.35 - - 0.350.350.35 0.35 intiator processabi- Aarosil 1 1 - -
--1-1-11ity of 2000E - printing/b- Wlecn 500 - - 5- - -5-5-5

- 5 ddgressed H&-evaluatlnq_a-re51sabhbbtyabﬁé}ché¢¢éONBF+5§”$£Hﬁés§010P
5 proce ability 0 00 printing Surface Paper

000
resi &Sance SYGSt ?3%5 aﬂg IégﬁQC’éG%{%s 59V8E x30%81and #80% (af|/sqg-)
PEP lssstasath 8AdOOvE2+20% ak BPedbaddlaslDZ.122 130 140 133 Beading
tEStJ[(a)b]T(eQ'SAO 0O0O0O0O0O0O000O0O0O (Silver powders) 5—20: Silvest E-20,

pr dl kuriki Honten KK TICG7- _Silvest T roduct Of
To vl St aun [ Ph i 5 57 s_%n'\-sg'A_Lln abnfiad 5200
et PE~20" " 2 | 152 52 | 52 FIN 5; 452 .
(m*tlwe O'ﬁ.puxy Y UE TR U A (13 CPThHU Jﬁé—, gogeT
of [ AeafhctDEIIk@=RkO(Y ], Y O RE
; S 3 2 3 - — — - 8.5 | 7.5 - —
UVRVS T ( Rigxigang “% W~ ehoxykvel bhex)t% rboxv| atle)
— ~6105 17 . . — ST - — ; - -
ron. _CTarhi rngpene ol nehe—dil oXi de
E);_ )?Ygf}:] Ff 4 Eﬂéau'ncpﬂm—u. & = T vl ot al £ L anel.——ndodudt of
y BEV-SOE o 7 ! s - a = i o 1 SZE al —
El1 Atochpmyto - - - - = - - - - — = 34 30
Photosetti- | SP-170 0.35 | 0.30 | 0.35] 0.35 J 0.35 | 0.35 | 0.35 - — }o.35]o0.35 | 0.35{ 0.35
Taitiator | €P8 0.35 | 0.30 | 0.35 | 0.35 [ 0.35 [ 0.35 [ 0.35 | — — | o0.35]0.35 | 0.35 | 0.35
processabi- | Aerosil _ _ - . _ — _ _
lity of 200CF L 1 B 1 1 1
printing/b~ ["\Wlca 500 — - 5 - - - s - [ - s - 5
ending
ability pabanal -1 -1 - s -1 -1-1-1-1- -1 - -
improver Toikote — ~ = — . ~ — - — ~ ~ — —
4010p
processability of
printing ] 8] (=] C o] o] O O Q O O e} o
sSurface Paper
resistance substrate 44 29 43 56 43 48 50 52 51 47 31 79 78
(mQ/sq.)
PET
substrate 82 ‘| 90 1062 | 111 81 0" | 95 tob ] 112 § 122 | 130 | 140 | 133
{mf{l/sq.)
Bending test (=] [E] O 9] 5] [=] Q @ [e] [®] Q Q Q

[Silver 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 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 (l-methyl-4-(2-
methyloxiranyl)~-7-oxabicyclo(4,1,0]heptane), product of El1f
Atochem Co.,

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

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



BEO 60E: Ri karesin BEO 60E (et hyl ene oxi de-nodified bi sphenol A epoxy),
product of Shinni hon R ka, KK., XDO XDO

(1, 4-bi s[ 3-et hyl - 3-oxet anyl net hoxy) net hyl ] benzene) 2 5 JUL 20055 J@I5 2005
product of Toa CGosei, KK. [Photosetting initiators] SP-170: Adekaoptoner
SP-170 (aromatic sul foniumsalt conpound), product of Asahi Denka Kogyo,
KK., CP-66: Adekaoptone CP-66 (aromatic sul foniumsalt conpound),

product of Asahi Denka Kogyo, KK. [Bmocessability of printing/bending
ability inmprovers] Aerosil 2000F: Silica Aerosil 2000F, product of N hon

Aer 08k bducKKof yggoaoggg (grecific surface area: 200 n2/g, apparent
specific gravity: 30 /1 primary nmean particle size: 12 nm: Pol yester

Vyloﬁpgeéo?gBFf%ﬁlh@lPéﬁﬁ%Féiure -20 to 10C, nunber average nolecul ar

wei gbp- 15690Aa5k989£ome£0§pc17@f(J@efrﬁhme&mfdﬂim sl 0 RBmpMPd &
PonV|n¥ met byl ﬁhe Etonal églass transition point: -49
pr odBEPIYFT BASFAERN L BRNKR: BCFH 0PN Epoxy Epi kote 4010P (softenlng
tGWDEPaGEEeAdéB&ﬁbtonérOHHGG 04 r dtukeed Shal 11 £ djiaxy s aKE. compound) ,

-CD e S= | Phot tting conductive pastes were prepared
nﬁ ¥ o%é%%g#?ageﬁga K?%%°5 3 with the conpositions (parts by

melgm?¥009$s@bulihyTablBrSHtEMHVb¢n§&n9M§hik¥Rﬂ vapegdvefsér printing and

curi J 05 chT; Lsmar 16 Silver
E-ZORgEO%ng%b%%QSZS%§§ %dﬁg%§sg%47 13 13ﬁk¥ﬁf§¥%§p§§hésh3§5§g? ['i monene

35 3BK:s. 8.75 - active dioxide resin WR-6105 - - 35 - - - KS-800 - - -
35 -vylBM $0k (specifi@dbsdbface area: 200 m’/g, apparent specific

gravity: 30 g/1, primary mean particle size: 12 nm): Polyester
Vyleon 500 (softening temperature: -20 to 10°C, number aveiage
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 weight)
listed in Table 6, and these were evaluated after printing and

curing.



7D70 - - - - - 35 Photore- SP-170 0.35 0.30 0.35 - 0.35 0.35 ttilg CP-66
0.350.30 0.35 - 0.350.35 initiat or processability of AA g %ﬁhﬁ@h
printing Surface Paper 55 45 57 70 31 79 resista- substrate a é )
PET 107 99 131 114 130 391 substrate ( Bending test x x x x Al

conpari son of Table 5 and Table 6 shows that the pastes of Exanples 51
to 63 were nore satisfactory than those of Conparative Exanples 1 to 6.
[Effect] The photosetting conductiwg pastes according to the second
enbodi nent of the invention have the nmerit of rapid curing by I|ight

i rradipgph@ngjcoupl ed with vastly inproved processability of printing and

ben fesistan nﬂ fhejphnLgfefflpﬂ nngdlﬂfkve pastes. They can al so
be et ot et prRgtitonzat-a;—Harkevpitep of 0.20 pmor |ess and-
to Peaski el papEr B SYDSATtas W tf ti3r gkngsss| of 50 pmor | ess,
whelf ebyreohmmes r clir 5 T prpatifon-ard €irjcai7t [foFmafi on onto plastic and
papgfesvsu sﬁﬁgggs_ by {f acillitatgd THird odi ment The third
enb dlnent%gimpondJcJ", g;sje 26qer-g-Hg—o-f-he— nvention is a

nooaonddoab AL 1 conadr s o0 A~ o Ats:c
coni nat i qfx . t

e -0+ i
PP StTets pm__c ot otieactHvesre in (83 2) and a
MEgiho T tTEtEs (Bt & pithaengrﬁm agent (B3-3) having a
iy ' 3t % el ength range of
300{4BB*HAm within|the favel ¢ngth|regidqn of] 270 fo 700 nm In this case,
t he [plotvREi 1 {IPBGHET Y D€ & M XT g b [WOAOT] A

printing
Surface Paper 55 45 57 70 31 78
resista~ | substrate :
nce (mQ/s5q.)
PET 107 98 131 1*4 130 391
substrate
(nl} /sq.)
Bending tast 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
Conmparative Examples 1 to 6.

[Effect]

i -Thé photosettlng 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 pm or less and to plastic and paper
substrates with a thickness of 5C um 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 (B3~1l) or

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



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 conpatibilitd Jilt p00s
the organic conmposition in the paste of the powder and to inprove the

di spersability of the powder in the paste, the conductive powder may be
subjected to surface treatnent either during the production steps -of
after production of the powder. The7surface treatnent agent used may be
a publicly known one. The photoreactive resin (B3-2) is a reactive resin

thatjhas wavd Le§t®Nedndgs i IERCASNGmY Withhe gaeewatedehgen radioal
activgdépeciesuﬁ@ cationic active species, and there may be nentioned
the 9 %o s"frenti oned as exanples for the photoreactive resin

(B1-2). Atxgrﬂaisarcme,r agee niibesr qfowc&actzna\yebegaommtp% o6l ecidl @ri S
better fo ur|n but. a i e funct| na
pr OF}'&?{? ecélffag 119 rs of Cplﬁ e%ﬁ: \{'3 eg ?ing &}gg.e

=P ST Y P const der r|n age
wr i nkies, i spedf toasedf ddd mrednd ltapefd@nelam, uppeeorilem toof an average

Of 4 MSQA@M | Sontr &f egﬂere;cab Jb&l%yg%gsrgé.orxﬁ%ﬁ gkffcsrent types

otoreactli ve resins e use Xxture e total
i sc@%@t@v%fc?wmbﬂéadﬁ% trII%IQ'Fg(aBZ-CZFOWE’OSE)FéPBthI yhe- pASGenPa- s

(cpohsegn@tptnbe b Nard 065 ik AL aaHee%uslfﬂa%@gbwlw Brt PRe Spwe@rpqwier
and the printin roperties of the paste, but 10- gogo Surfgcpmse) IS

nor et B P27 Fed. COTRAHE T IR ST PEnfubigcte
ph0t©§@5ﬁmémmiéﬂthé&(ﬂuifﬁh ﬁBe(yrqﬂuudmwmsmbpzlng ageak pB3d3drtiisnused
whi ch_h as. a | aﬁéor tlp HQ¥I n1|n a_wayel eng rapnge of 300-450

nm mft % PO mave eng r%ﬁﬁ(nf%% £§%700 use Wﬁ% ref?ect|V|ty of

si | veeblicly skrewmmnonpage 511 of the Phy5|cs Table (1986 edition,

Maruzen, Ms%na\é!?féaééizx)’é”xés‘zé“(%@lzgs i8xA QEB!:iégvé ESELRCEHA'& YasOf 20%

or Iomer 0-320 nm (see | ver absor

wav et eFig et iRk, gr&%%.#ﬁgﬁ%%éfw (thansFoRTARaE SEACFT5AIER12005 28

excia@tmé\egp@@li@seds& &ﬁlsdrﬁhrtﬂ&ﬁ:tl&d’l(‘s@eﬁ:h@sen&hQYtﬁ@ﬂéHnbytBd is less

han t he. energy, that excited t 1€ silver itself excitation energy

can BT HEEY Sl by S SR GA (R1TGRES 38sBFAPPOR® nbOr RN at - 300-320

nm belicotvesrad oivee dee¢him | (Blg-2) . A greater average number of reactive
groups per molecule is hetter 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 1imit.of an average of 4 per molecule is
preferred. In 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 mPa-s (cpoise) at 25°C in order to gqguarantee
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 photosensitizing agent (B3-3) is used which has a light
absorption maximum in a wavelength range of 300-450 nm, within
the wawvelength region of 270 to 700 mm. 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



wavel ength end. Therefore, using an initiator or sensitizer neeting this
condi tion can achi eve photosetting that was considered di sadvant ageous
because of reflection and blocking by netals. Apart fromthi g mjgoggsion
wavel engt h, however, the energy transfer rate is undesirably |ower, and
thus even toward the |ong wavelength end it is preferably no higher than
450 run. The photosetting initiator (B3-1) or photosensitizing agent
(B3-3) used according to the third ggbodi nent of the invention may be a
publicly known one. As exanples there nay be nentioned the photosetting

oy a8 0P QE BB 1P F AR HARE of URE HaEC ey i R TP REnt  ThuteaP,
rim iseflhyb ahahraqa|ﬁoﬂegy(tbmteQ%nqﬂeﬁ ﬂh@yé@dW@KZlEAelfbrﬁbé name of

Ni hon Kaya EonK gbégégﬁéog? tra eq%%%gémQ%hCE% quhqughkhloxanthone

(for "exanple me of N hon Kayaku K.
absoapspantmaannnpnz%aﬁumo 32 ¢ vt hisseanttierre ( £toe dLafpl e,

Kaya%g(rségéth bhade fROBe P N h% yakti,nﬂélia,to&b%@r Qtehemtﬁaélrnum 385
enzg 2-di me th%Ianlno @ggphollnophen%ﬁé - but anone (for

exanﬁ?ét1P99 RiFeCeBEitip d%a%aﬂ%b%ﬁv tSFEL ey "eRENTREI Co.

abSOEBhBQﬂeﬂE&IHuﬁhdaaﬂtﬂ@éoui He ¢ i | off arestlleytl: ipd' and blocking by

nethox hth riazjne (for example, T IAZI E a of

PANCREFAEA.  ABEBT bt FRRmEREFmie eI oy elept b BpabiBhy RE

(4" - 5néhgxysrynyf¢r6rateazsn@n4¢$wr&b&ynﬂqwefTRﬁAzlNEHPNBVGDradUardanE of

PANC@hgl§AhgaQ?95E%hﬁe¥n@§anlnag??&é?@raﬁ¥fﬁm>ﬂﬂGhEQethghoﬁgﬁeﬂﬁ't'z'ng

agent's, 1so ate (for exanple, Kayacure DWVB
trade nanﬁh@fPhPﬁ@ﬁeKﬁyaﬁuln¥$9ato%b@ﬁ*ﬂﬂlGﬁ PRRICAIRNS3E5ZARY, aE§P§Iene

(absqbRLBONLERYI HHALrd3Ag £¥Mihe e&lﬁlrcﬁﬂétnbﬁdﬂrdéﬁieoff&lh@ saveatdsad in
m xtures of two or _nore. The absor tion §| m wavel e th can be easily
Wﬁﬂ?r

conf PA¥eB® ByPBP%FEQVoF%?V%lg?%1e‘ﬁ Melil gﬁgc 0?88 yORFR or der
to c@ﬁbrphotBEeteaﬁgiyhty;a@orgac[4fnmeuhykgmﬂmya$hao2EhéU&11005 29

2 o PhFar AP CHaRARE TEbE R e S Ry Sanect t S FRS wel ght

of tﬁeyphgtogﬁtt|ngspnptigmoma¥xmnm3 X\ & Qﬂﬁot@§éﬁélprhﬁ@q&@§ﬁﬂe(83 3).

The webghtxsabie, okalheusé | ¥eEapoveesicanthrdd@ fhRahoneravhke, XK.
absorption maximum: 325 nm}, 2,4-diethylthioxanthone (for example,
~Kayacure DETX=S; trade mame of Nihon~Kayaku, KK:; “absorption
maximum: 385 nm), 2-chlorothioxanthone (for example, Kayacure CTX,
trade name of Nihon Kayaku, KK., absorptioh maximum: 385 nm), 2-
benzyl-2-dimethylamino-1-(4-morpholinophenyl)-1l-butanone (for
example, Irgacure 369, trade name of Ciba Specialty Chemical Co.,
absorption maximum: 320 nm), 2,4-trichloromethyl (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*PANCHiFPSA;-absorption“maximumr~375 nm}, ~etc5—and- the-
photosensitizing agents, iscamyl 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 méy 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



resin (83-2) is not particularly limted, 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 kRéwiL 200

- conponents such as silica, alumna, mca, carbon powder, pignents, dyes,
pol ynerization term nators, thickeners, thixotropic agents, suspending
agents, antioxidants, dispersants, resins, organic solvents and the

i ke. These are preferably added igoa total anmpunt of no nore than 50%
with respect to the total weight of the silver powder and the

phot ﬁsrafaak' V€ohgsL1Ad( B3- &hind h@orﬁ;ﬁc&ir{ubltn_i'@lt dl%)b be added.t oIthh:a@;nducr:]ti ve
paste of the .invention pay ny public nQ e. exanpl es there
oy Cogenehti bRoHCTROCab Er afted T Hoaanny &k 0 -0y 20P e aatvent t hat
may bespddedtbothbewsdgHucodf vehpasietafetithag iimderitaiter nmeg-aliserbe any
publiﬁlﬁ known,_one. Fbmevgr{ 59 order to avoid residue in the system
af t ePPPHRSERP Fhy2FRECEPER" 1§° Preferably has a boiling point of no

hi gher t hahe2&8CghAsraexanpf esh¢ het brem\pdelenerinidoneée phosereecernved to
for [ eshi_»(D) . The.Vvj i tshe, - o] ti:ng h\e e
acco%ggﬁg ?%g %gel?h?§5 %%%g§+%%5éi%ﬁf¥%£§$%v2ﬁ%13% nggggggggbﬁ???ron1lo
to t,8805008ndPasrenreeferakbby pp®li1le A ridori ate processability of

printingagnd, eggugBnlhhskprsSe ffd&E &F idHd NGhveldtiioch MBr okl §fphakly,from
1000 to 300, 000 nPas. When_t he photosetthggfonductlve pas;e according to
the tPRFFJURKDBEI ABAED PR hEC I AVERRYDIF TP VEST St FYUCEr #PaSpatférn by

screaluft haf i micapf Eaeboprpovdeag, qfigmgnty,i dyeskneon yretrbadtisnng a
coater. the,_substrate, used may, be any of the . exanpl i for the
b EPEPEATES Fap o SRLERHEE s T DEo A L ¥R e TR iR Q08201 g
2 5 3bkiggddanBs, cohdper s yrt pastes Hrooradiasqitco ste 2nltisr dndniyddi Aaike -of

the Tgegsn&@npg&,rebsbweaam 23 4 efsrded dodindbe ncbExamal eaay shenow be
provided to explain Ereparatlon of photosetting conductive pastes

accoVdFRgredPert ERi FacehPbal nettght Hd Thteisd LyEitnPeNgeandnfhéh8set ti ng.
Prepprhatbesa®tipboteseht (Bg-gpnductive pastes (silver coatings)

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 -theconductive 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 using
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 photosetting



Exanpl es 64-75 Photosetting conductive pastes according to the invention
wer e obtai ned by m xing the conpositions (parts by weight) shown in
Table 7 and stirring themwi th a kneader, and then honobgenizing them
with a triple roll. These photosetting conductlve pastes were upRdyt 2005
make sheets by screen printing onto substrates ina 1 nmwdth x 1 m

| ength pattern with a screen plate having a 180 nesh and capabl e of
printing in a thickness of 15 pm TR thickness of the printed | ayer was
about 15 pm The paper used as the substrate was NPI-55 by N ppon

Sei srdondudtiv“éh@apaleyek:h:plrehiegt ¢rephehbhared ¢mp0indritmafséhenas Lunira S,
by T QraY & %%rkﬁg eI g gnrg@grggartgdg e by irradiation with a
conveyorrkype irradiation a aratus using as t e i ght source a

hi gh- pr es Sxeaprhesc wiy 1 ooy etaraﬁléa@lpe@ @thaléwmemam/m @fd a netal

hal i %d@mtwlh@ %natat:%eobaétw abc8PaINE Mo Tl a&nh eh i ddiBrdrght

ener gy reqU|re curin post -curing surface pencil hardness.
2 5 Jnd fhedr Qfl[“'Fd-lﬁ‘lge 7'% E%&ﬁﬁ?@téa%s 66 67 68 69 70 71 72 73 74 75
Resin M 240 50 50 - - 5050505050 - - 50 M360 - - 40 - - - - -
- M408 UVR615---
- M Freraracion of msAsRs LRI SN IERI YR 14T 1S (TR SE §°afz”zg0’

- - -ExanplefsoB427BAQ - 2.5 - triazine B- - - - 2.5 - - -

triazine ?M%tosettélgglfén%ug‘éIzse pastes ac:corcbc%}( toClgl‘te(S 1nverb\9160’gi'§9 -

were obtained by mixing the compositions (parts 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 used to make sheets by screen 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 um. The 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 fPET) film used was Lumira 3,
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 lamp with an output of 4 kw at 80 w/cm.

Table 7 shows the light energy required for curing and the

post-curing surface pencil hardness.



Sensit- Perylene - - - - - - - - -0.2 0.2 - izing DMBI 11080.8--1

1- - -1 agent Silver E-20 37.5 37.5 45 45 37.5 37.5 37.5 37.5 37.5 45
45 - powder G 12 - - - - - 37.5 Tce—1125125151532J
12.5 12.5 12.5 12.5 15. 15 1275 Light sourcé Hy Hy Hg Hg Hg Hg ngmﬁ

M MH Hg daring (aJ/ca ) - 1000 1500 1500 500 1000 500 1000 1500 500
1000 500 250 energy (Paper substrate) (ml/cm) 1000 1500 500 500 500
1000 1000 1500 500 1000 500 250 supstrate) Pencil hardness HHHHHHH
HHHHH (JIS K5400) [Photoreactive resins] M 240: Aronix M 240

(pol ﬁéﬁ{eﬁe(gl ycol diacrylate), product of Toa CGosei, KK M 360:

N i I’i dao + vy 1 Apragl ~4
Aro et hy i OO HHer gy age)
T 50 ~ 50 FROLT TV PTISpA Wo3 P Os0( P g0l PLUPRA
terct MEr [KS—400

aF, [p—oduct

= KK ; - -
met yF-8; 4- [epofyey¢l enexyl | car poxylfate), 2prfodudt of
[TrOMene|droXi ée] EI yonepe-df oxi fle—(1- reqhsd {4 3-
3y tycl 44101 hoptdne)|prpauet—or e a—slap12005
hot-otri-aterstPhretosetthg—tpHtrptory) —BS—ayequre
HR PRy ey Mo - ProjuTt ot i tmoT
>, curg 2 FAQ ettt o fgui yrone ), —prfoauqr —of
)M’xus R Trrazcng A TR ENE B 1 - - p - =
(2,B-tridemoronet Nyl - C&4 - Refhexynapht RyT[) ~ &-Er{azi fiey, |proquet joi-
PANCHI M 9536311 aZi ng T—TIR AZ[I NE 2-4{t i ¢htolomedghyl {(4 -] -
SP-170 — — — — — — — 0.6 —
CP-66 - - - - - - — - - - 0.6 —
Sensit- | perylene - - - - — - - - - 0.2 0.2 -
izing DMBI 1 1 0.8 | 0.8 — — 1 1 — — - 1
agent _
Silver E-20 ) 37.5 | 37.5 45 45 37.5 | 37.5 ] 37.5 | 37.5 37.5 45 a5 -
powder [“573 — _ — — — — — — _ — — 37.5
TCG-1 12.5 ] 12.5 15 15 12.8 | 12.5§12.5})12.5] 12.5 15. 15 12.%
Light source Hg Hg Hg Hyg Hg Hg Hg Hg Hyg MH MH Hg
curing (mF/cm"} . 1000 | 1500 | 1500 500 1000 500 1000 | 1500 500 1000 S00 250
energy {Paper
substrate)
(w7 /o) 1000 | 1500 500 500 500 1000 | 1000 | 1500 500 1000 500 250
R - _
substrate)
Pancil hardness H H H H H H H H H H H H
{315 K5400)

[Photoreactive resins]

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

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

M-408: Aronix M-408 (ditrimethylolpropane tetraacrylate), product
“of Toa Gosei, KK.

K$-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-epoxycyclchexylmethyl-3,4-
epoxycyclohexyl carboxylate), product of Union Carbide Co.
Limonene dioxide: Limonene dioxide'(l—methyl—4—{2—

methyloxiranyl)-7-oxabicyclo(4,1,0lheptane), product of EL1f



met hoxystyryl)-6-triazine), product of PANCH M SA, DETX-S: Kayacure
DETX-S (2, 4-di et hyl t hi oxant hone), product of N hon Kayaku, KK , C{§UULZM5
Kayacure CTX (2-chl orot hi oxant hone), product of N hon Kayaku, KK

1-369: Irgacure 369 (2-benzyl-2-dinethyl am no-1-(4-

nor phol i nophenyl ) -1 - but anone), product of Ci ba Specialty Chem cal Co.,
SP-170: Adekaoptoner SP-170 (aromatic sul foniumsalt conpound),
product - - of -Asahi Denka--Kogyo; -KK., CP-66: Adekaoptone CP-66
(aromatic sul foniumsalt conmpound), 32product of Asahi Denka Kogyo, KK

[ Phot osensi ti zing agent] DMBI: Kayacure DMVBI (i soanyl
p-diﬂgéﬁggﬁn%gobenzoate), product of N hon Kayaku, KK. [Silver powders]
E- 20 "Srlvest E-20, product of Tokuriki, Honten, KK, G 12: G 12, product
of DoRbokeypbtigkersT(Rhetosp iRy ToGiRrtogsdduct of Tokuri ki Honten, KK.
[ Li gBjgsSO ambl 9hg PRESHBYT O4H 16 ) pRRB W] t BhédnkimeuhRrbnaty ,80

w/ cmﬁhﬁ/H: M%/gfglllrﬁgﬂ{giegl[gnp W #hﬂﬁéﬁ?w out 55)’? aty éobvv/ c§1 [ Curing egergy]
MeasBredugsi a§ HilwnpPEeRkwud by EIT Instrumentati on Equi pment Co.,

U. S. p-ghot hgalhehtei pradaté ony Eneigyrdguioned ,f prodube egaiedohi I mto
becone t ck-%%ee and fixed onto the substrate 2 5 JUL 2005 33 in a
wavef@¥8th  rifge of 320-390 rim Conparative Exanples 7-11 These were
conparahkvee exanPREAZ ENPl By Hgd phoi dslaindmed hyilmi(di' ametbogynaphthyl) -
phot osensiti zing f LEh tion maxi rum in the wavel ength
rangg §F1§669igo ﬁ%§§ﬁ§ﬁ¥%£tﬁ§@%§§§3%§gth regi on_of 270-700 nm The
conpBsiazone PMSt cBRIAZTHB| BMY (PetterinhlpaiogRthyderdd ' ~nmi xed to obtain

past gschBx{ Dey SN - BRRREL Z 88 FX PP O 047 PaNendM warL e used for screen
printing onto the sane type of substrate. . The sane apparatus of. Exanpl es
64-7§Eﬁg§sﬂs§aYP6PthEETX—S (2,4-d1ethylthloxant%one}, groguct 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 3P-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 BO w/cm

[Curing energy]

Measured using a UV POWER PUCK by EIT Instrumentation
Equipment Co., U.S., at the light irradiation energy required for

the coated film to become tack-free and fixed onto the substrate



phot osetting reaction. Table 8 shows the |light energy required for curing
and the post-curing surface pencil hardness. None of these mere t ack-
free, and neasurenent of the pencil hardness was not possible. L
absorption maxi mum for the benzophenone initiator used here was §5@|lmﬁ
[ Tabl e 8] Conparative Exanple 7 8 9 10 11 Resin M 240 50 50 40 - -
KS-800 - - - 50 - WR-6105 - - - - 40 Initiator benzophenone 2.5 2.5 2.5
- - SP-170 - - - - 0.6 CP-66 - - 30 6 Silver E-20.-37.5 - 45 37.5 45
powder G 12 - 37.5 TCG1 12.5 12.5 1§ 12.5 15 Light source Mgy Hg Hg MR
M Curing (nv/em ) (Paper 0 0 >5000 >5000 >5000 energy
subst#&té)”avﬁ#Péﬁ%P E$e>gg 89 588 %000 >5000 >5000 substrate )

Penci | hardness(JIS 17 1 asur- unmeasvr- unneasur unneasur- E5400) able
abl e abl e abl e ffec&% Aﬁgﬁiding to the present invention explained
above! OPPaFQtlB8s *BMB-t3 coatings with silver as fillers by I|ight
|rradlatlomhabenegruhebm@arahévanseamplgprﬁmpnnﬂimgn@®@§9aﬁ¢ﬂ®pg t he prior
art. The tr at men 1 t 0 nger
R R 1 N e e i T

t he ondethef wavedgngsbomn@sgeoos ﬁ@Wﬁ%mrquq dihe warvedgration. Fourt h
enbodlggqgnng QQ@d#@blﬁﬁ pastes descri bed above are photosettlng types,
but oth solvent-dried types sol vent - eva orateg %pe%% qa% also be
used as coRBECEPFROFASLRES Adf %8 or Tate qﬁa FhTepy Weight

mixed to obtain pastes in the same manner as Examples 64-75, and
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 reguired 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 40 - —
KS-800 - - - 50 -
UVR-6105 - - . - — 40
Initiator benzophenons 2.5 2.5 2.5 - -
sP-170 -_ —_ — - 0.6
CP-66 - — - —_ 0.6
Silvar £-20 37.5 - 45 37.5 45
powder G-12 - 37.5 - - -
TCG-1 12.5 12.5 15 12.5 15
Light source Hg Hg Hg MH MH
Curing (mT/cn®) (Paper >5000 >5000 >5000 >5000 >5000
energy substrate) .
(mJ/cm’) (PET >5000 >5000 >5000 >5000 >5000
substrate }
Pencil hardness(JIS unmeasur-f unneasur-| unmeasur-| unmeasur-| unmeasur-
KS5400) able abla abla ablae abls
{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



above; to obtain antennas for radio frequency identification nedium
Specifically, the fourth enbodi nent of a conductive paste according to

~ the invention is a conductive paste containing 0.2-5 w % of anZSaqm?ﬂjgge
resin with a glass transition point (Tg) of OC or belowin terns o

solid weight. This conductive paste can be used to obtain conductive
paste filns that are resistant to bendi ng while naintaining the

advant ages of short curing tinmes and 4pw resi stance exhi bited by

sol vent - evaporated types, for formation of antennas onto easily bendable

subst rat %:ﬁ%dc SRSt a&;esdbto%t ga\Mﬁeaﬁﬁswﬁéh&gﬂgQ@Qum& 2&9}. vegt cQﬁ' sd

conduc]t paste conprises g and _preferably

adhesistontegiad \We dths s?'raiterl @ésla /W ssepads e'élof?oﬁ?‘arfb%u%$ y}VYnM-‘JEFher
resins;, &gj wWutadi ene resins, acrylic resins, epoxy resins and urethane
resins an ]has a gl ass tran5|ti on point (Tg) of OC or below, added to a
common conductive ink. This maintains a | ow resi stance val ue and

provi %ﬁgﬂmr&mlm ng resi st ance performance. Preferred adhesive
th d t ad . Wh dded
s sl TSR e dssege CPEer A PAWSPS e hate Pt 81T B ANT | BrPRS! nt
(Tg) afutt keHamderlvart Hdrtiiell typess (ocr ackvagt -dhapaukitesd veypes) nmay
t ff - d f
compongile A Nap AN S0k oABLALALRLRE,3NILSL R0, O mddiEr ShEYET

pomder Ben anoun e adhesive
resi n awrsondm qbsiialad@@d:e(nll@Swthoﬁaﬁéﬁeffeﬁ%%nqileS}%%Ia%@@ﬁFH@nl tsel f

will he adier eagheki dilcd198l $8el #BAsEhDLAnbeiIREHE e¥E 2 donuuesistance
val ue 1 f onIy t he adhe5|ve resin is used as the binder %‘g%onent 2-5 JUL

1005 B AR V&S ARVePRECBy AP uat FORTERS VR M dYe of PRYI ETH By
Asahi Cherd cads dinhar aldid@sve KKsinT83202abylTanakearks ki haokp i KK (Tand
DW851 % Toyo o eki , KK as ¢ ndlé(itlve |n#§§ addi ng pol yvi nyl ether and
pol ybut (ﬂecne At FrBm T 56 PP R t]‘erms 3t so0lid wei ght, or wthout
thei r addi tTtgrs, mnﬂunﬂasm ipag teheahi bm ysedntp holebaexmlcr@dm@%igeancéte

test) ) &Y sSLHﬁaa&eaJee%ae%tl%%%taftbeheﬁaahagwhib@ méf&wml@getﬁgom in
I'n the table, A100 represents "polyvinyl ethyl ether. and, M40

repr eséézi"}faéltﬁtﬂeysvlorgllsqﬁﬁth)ﬂurépﬁeltlmes and low résistance exhibited by

solvent-evaporated types, for formation of antennas onto easily
bendable substrates and substrates that are sometimes folded.

The solwvent-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 ars 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



and the percentage values indicate the wt % of addition in ternms of solid
wei ght. For the bending resistance test, an approximately 1-kg netal
cylinder was rolled back and forth once on the inwardly fol deg
conductive paste filmafter which the netal cylinder was roll cﬁ I8 and
forth once after outward folding; this cycle was counted as one tine,
and the bendi ng resistance was thereby confirnmed. (Table 91 Surface

resi stance Bendi ng Reaction (mQ CnM3%®sistance test Conpletion tine
(150t30mn.) (mn.) (1501) Asahx Chem cal not added 20 1 25

Labor gfpordn@s «Maductihe2G nk.0or nore 25 LS41SCN H60 (1% 25 5 or nore 25
HAG (2% 28 5 or nore 25 Polybutadi ene_2 r. more .25 _ (1% Tanaka not
added 1B 1TH¢ e¥aludrdor AFG6 @TQ§02'385L%$1§%1*?§320{531¥§553? Boseki
not addedra®okidd, RWRH1TABR02( bY T3AakaoKikbDisoR), K60 {rkdHDWRED oy
nore 20 1460 (2% 5 or re. 20 As_seen_lin. Tabl . addi tion of
pol yviTRHe éﬂ‘?&('klan&&?p&‘q‘yﬁﬁfn’g CEALSat ™7 ort 1S ZPC\?;\*SEXJin SIS DA% i d
wei ghtpalgdutshidemet @ tpricwndé vase wipr drererms i oif tdel ¥d [weisthtongith. When
pol yv'uﬂ%?ho%tthecrhev}%s Aldedoho dobNBEHRARTAL NS ONHE iR dtn {dEhafdd m
strength iI'ncreased, Bat the 'resi stance val ue I ncreased was reater.
[ Ef f ecrejs iZtRngig t2G08 236 WHrf acRe rap&F EARAR | DHERF CHHURY 4 Ve’[q}i%st e,
si mpl & Addids Y Oisho adhesibe Besi Anatnd. Lab1av %Rigy tagwe ineol i d
weight allows _ inprovenent in the lower filmstrength that has b@len a
dr anb R g vdo | 8Rk @SDEF @SHatéli FEPFRRSTE MR Y xﬁmﬁ#@ tHe % ow
and the percentage values indicate the wt% of addition in terms
of solid weight.

For the bending resistance test, an approximately 1l-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 cutward folding; this cycle was counted

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

{(Table 9]
Surface rasistance Bending Reaction
(all - em™) resistance test completion time
(150 30min.) (min.)
{1507C)
Asahi, Chemical not added 20 1 25
Laboratories ALOO (1%) 28 5 or more 25
Lsd15a( M0  (1%) 25 5 or more 25
M40 (2%) 2B S or more 25
Polybutadiene 28 5 or more 25
(L%
Tanaka not added 18 1 20
Rikinzoku ALO0 (1%) 24 S or more 20
TS5202
Toyo Boseki not added 30 1 20
DWasSL ALOO (1%) s 5 or more 20
M40  (1%) as 5 or more 20
M40  {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 improvement in the film strength.

polyvinyl ether was added to a thermosetting conductive ink, the

When

film strength increased, but the resistance value increased was

greater.
[Effect]




resi stance and short curing tinmes characteristic of solvent-dried
conductive inks. <<Conductive paste curing nethod>> The present inventors
focused on the fact that nore infrared rays are irradiated by
ultraviolet irradiation lanps used for curing of ultraviolet cur?hgUL 200
resins than by infrared irradiation |anps, and that the energy
absorption by conductive pastes reaches to the ultraviolet ray area. The
present invention therefore proposeggéa conductive paste curing nethod
characterized in that the Iight source is an ultraviolet irradiation

lamp with yiphl 8802 fSYeRdh 65608 b idlict itvre paereyClsivpleaataition of
irradiating with light fromthis ht sourc ul trayi

| € ‘
i rradrBt PO WD ERBUNARTtRelT gﬂﬁ ng&dhﬂﬁﬁgéFeggansnercury
lanp Qhp ao{}&haht hohi €Re | BofPer Bmame:ddgase thae aamEbeanyavamambd:cs«:har ge

t ube for t he raviolet .ra th energ enltt t he
d|SCh8Fg§°lYﬁBE %§1%3nﬁ%§%ﬂc%¥vﬁ4-%%ﬁogHUHtrav taﬁ“1“§ fh"fl 3% of
VISIbkeslhtghteraya sHSrS@ﬁmfxmmftzm&xidh@ﬁaqnm112$li%pﬁfshé&Enmﬁdmhed

d ng %Qg ultraviolet ray portion and visible |ight ray
port|88 %

€ input energy of the light source is converted to
heat . The sane is true of xenon |anps which are also ultraviolet

|rrad|gkbﬁgugggp§ gggecggpgﬁéSﬂghhgggpgen near-infrared irradiation
rrradiate near-infrared rays utilize fllggents for,

ht
|rrad| at i ofheBRe&BNENEPYENRPEH BRAPIAY |Uhgh 436 ta thati MeRe AfdR e 1

to 2 KMksWakehiksadDatapuby Ol 7Ea VY €T ¢ r’n.ﬁ:.&i’dt&tﬁ.fomrllahpsl arsghlh foand
corresponds tgnﬁgFlnfraied irradiation eff|C| 8 M t.he .ot her

f
hand. CORANFaREnRFERHEELEE GREFRY, BPEARS ST o HO TP e ARG R m
and t hambsfranddthatatdhat enar@y 5al34ébrPOGH u¥7QﬂmﬁuﬂteN@yp@h@ﬁ@of i s about

45% ag. Mg te'soggdtggovlitr YEYEL . ra;y%?éader% HOSRE Shanadraignt of input

per udrt rared ray irradiation’is about tw ce that of the
af or emetreéneg naPpgeRns n‘ea@onﬁwa*w DTS .C Wi MFRtdost sRdgsicherized

t her efigr @ natheneondyati ¥eupast £s Can Wer i clieantilng adiilatd oand angpuradt by
prOVIqh%%agggtray 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.
Becéuse 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 visible
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 light
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 class of ultraviolet

irradiation lamps are 280 W/cm, and the infrared irradiation



Fig. 2 shows the absorption of a conductive paste in different

wavel ength regions in conparison to a free sheet. As clearly shown here,
t he absorption of the conductive paste also reaches into the ultg&JUPIZ608
region. Thus, it becones possible to utilize for heating virtually al

of the light energy fromthe energy irradiated as light: by an
ultraviolet irradiation lanp (the portion mnus the 28.7% heat). For the
measuring conditions, the free sheet yped was an N2155 by N ppon Sei shi,
t he conductive paste used was LS-415-CM by Asahi Chem cal Laboratories,

KK,  adye fiy df £ W 4 dUF SRN QIR utWaS$TRENkedt 08ned Hibaed] WHSpeGer,
spectrophot onet'er _for measurenent, of the reflection df%ﬁéttﬂﬁe The surface
a

resi staRBARAE Tion Hh & ATRRAPOHE St dNBEF ePeE Pt hg Etfed with
an i nfypfed-dd rad atd o lampmd st Bboulti ghicsotige afdcéth an ul traviol et

irradiation |anp as the |ight source._ Fig ho he_.change_ in surface
r esi staaéﬂ:'éem%q]tf&e% rfﬁorgeeé'gé‘@tart & 5\ﬂéredccljﬁl§¥3$rbt Y\%ﬂé%etﬁghsni %Jg%?%%?u%é’ i s
cl ear fhexeffompe, Xha corbartisen palsteheapober etbicieptlyrdpred uand area
confir hi gh-pr.essure nercury lanp is used for - curing, it
was poggg’f%?g;){ %%ﬁ?deji/eggg}%tgi ent curing of the conductive paste with

| ower powerFighnsAirghdwn thitaRbAeaPtd oRe 8- 2 APPAYEELY? rRRFE2 i A lanp is

used. JherSHMOldaHSEhdth (g i®haPhin dbRpasitohn! ¥sa £ ée Ushd@r an as
infrared irradiation | anp (conditions: Conve or-?égge 1 KWx 3-bulb
i nf r areLFFARRRY D M effpareu SPGB gRaphi ERS CRREUCt LY PRI EE 200 V,
1000 W&acHON0 W thduWllravio@t irkegddhat | Dhuslj siarnsesorbe s poss fateyi ng

speed) :Using an ultraviolet irradiation,la condi tions: shi ba

P r gl 5 1 B g e A LA s St AT REPe R DO e IS PESS Y
38 240eégy autyadiatedms riigti-abiyoandudtaaeesld? rpdizhieyi e speed)
0 : Usj ' | I gl lLamp (conditions: Toshiba UV

i rradi Q??%?f%a%gp%;r’g&%% e%{)e;%?bgtﬂ?’t% 352,‘ KK., MB40OOL/A | anp, 280 Wcm
out put, 7 cFAY rEkRIiRRIDIFidIScancddtirpsy fRR EaP? yFRRLC S gcg)witf%ct]

NPIS5 by Nippon Seishi, the conductive paste used was L35-415-CM
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 ultraviclet 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. '
> : Using an infrared irradiation lamp (conditions: Conveyor-
type 1 KW x 3-bulb infrared irradiation apparatus by Eyegraphics,
KK., lamp: QIR 200/200 Vv, 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,



It is possible to cure the conductive paste in a shorter tinme than those
in case of curing by heat drying furnaces or infrared irradiation which
are comonly enployed in the prior art. <<Method of form ng ant 2%n-@lk:2ﬁ
radio frequency identification nedium>> First enbodi nent The f i é)'i
expl anation concerns a first enbodinent of a nethod of formng an
antenna for a radio frequency identification mediumby which a
conductive paste is used to formthe gntenna according to the invention.
According to this enbodinent, a screen printing nethod, for exanple, is

enpl oyaed 4o Y ik pat, 2Nt eaNaxshanediBat 465 Pafbe A 14 h@fm%éf%i_n
conductive paste on a prescribed |ocation of a substrate on |c?'| an | C

chip is®e®dnted. After printing the thernpsetting conductive paste on

the sybst r@Efnb‘naﬁhﬁlEB&@ﬂSf‘et SPAPL4 i 4 WP dMP o cHnd tiSn@%PasAth it
|nfrared rays,. pr.eferably nea;)gl nfrared {ﬂages to ure t‘{}ft errmsettlng

condudVi V& TpgdA 1OMARPRAT NS £REZ1PAY Ol /P phRTRRy ng
the ier mpsal tutgpueondueti e rpaskeioAnd Ant enee, fm rm/hxg:.rt esdrsyingarri ed
out b)é [ I‘I‘(jldl ation of infrared rays onto a thernosetting conductive
paste eval uation standard, type of conductive paste and type of
mfrar(@dfﬁelcgﬂt source were as follows. (Evaluation standard) Wen the

conduct i ve rpa fsegg%s%%lir e@oueq% fthe eea&'u&w& pd Scomended, fyed he

manuf act ur er m nutes) the surface resistance val ue was about
25 nBXisg than &hosearite cpgrue foFUsENG bY shea PUONT FHARACSH At enna of

1 mm windtra raad ik raddiendbin) whadd hher ebamenl ¢ ushgib yas GoNHidlaseth£oimt et e
when a resistance value of 25 mQ) sq. was obtained by infrared
irradiation. (Type of conductive paste) A 415CM by Asahi Chem cal

Labor ai<m1eit(h$>;l Kf. famchizgy BA3&3nbyfoFupa# i af Kerpeir. vyeriedearssidd idRougit y t he
same e 'in suere obtained with both. (Type of light source)

Near - i ared irradiation lanp (Q R10O0V-1000W D by Ushio Denkl)
Elrst embodiment

The following explanation concerns a first embodiment of a
method 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 curing 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 wvalue of 25 Q



Far-infrared irradiation |lanp (Q RLO0OV-1000YD by Ushi o Denki) The

di stance fromthe light source to the conductive paste was 20 cMTest
results) The results for the surface resistance values (units: JUL. 2005
are shown below in Table 10. [Table 10] Near-infrared Far-infrared
irradiation irradiation lanp lanp 5 secs exposure 42 8 secs exposure 33

- - 10 seas 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 exposure - - - - 120 secs exposure - - - In the case of

“eaf-'fﬂfr edax{:;]errgﬁa; f’lgmﬁam&eaeaaaapn tgéﬁ@gse O%ﬁc?déﬁéf@fbééﬁp, 25

M sq. Was T eac seconds ar-infrared
i rradi aufiong Wash adne fdgrechfaompd@te Mhadi at Feplfedpce 2R Y Rt dRs

" eacheghy f 30:40 SACONAY SR caesul e caltedtlynshow that i rradiation
with a near- 1nfrared |rra lation lanp and with a far-infrared

i rradi EEYRf °of é%ﬂjm&iﬂﬁlé%spatsatfedet performance in a shorter tine than by
the convery i orsdm hof padarhlblmnﬁgarremedraibrSeﬁr}aymthed:ei erre fre33 3 ugdged
as an ad uate ffect conS|de %9 ﬁtl ur| nﬁ ti rre ]gt ee st abo
20 ni nfit T Py “t-’he co En&Pendtidd" %"ﬁi “21%
obt ai nwbtH esatsktance vaI ue of 35 nY sgq. when using hot air at 150C. A

conductive paste |ts performance by evaporation of the solvent
and th@? eecfafilﬁl ﬁﬁ:eérey n which are contained therein. In other

wor ds, Néar1 e st sy ik Rvbita i diafrect QARIB PV HEAO BN P v st @ R yk1)
provi d@érlﬂ?fwcfﬂﬁ/a%mcﬁl Visdedp @QTRADOG-YOLOUB 9f toRio mexwkihat this

causes curing to procee In _a
The distance from the light source to the conductive paste was 20

cm.
{Test results)
The results for the surface resistance values ({(units:

mQ/sq.) are shown below in Table 10.

[Table 10]
Near-infrared Far~infrared irradiation

irradiation lamp lamp
5 secs exposura 42 -—
8 seas axposure 33 -
10 segs exposura ) 26 —_—
15 secs exposure 19 -
20 secs exposure 13 25
30 seqs exposure 18 26
40 secs axposure - 22
60 secs exposure P [
80 socs exposure - —_—
120 secs exposure - —_

In the case of near-infrared irradiation with the near-
infrared irradiation lamp, 25 mQ/sqg. was reached in 10-15 seconds.
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 methed to



shorter tine. Incidentally, the tenperature of the paper surface on the
opposite side fromthe side where the conductive paste is appli e?s
reached 170C upon irradiation with the near-infrared irradiation I-lcy‘n;ﬂ%
for 10 seconds. Thus, considering the "loss of heat until transfer to
the opposite side" and the "tenperature reduction due to the stand”
(since the opposite side is in contact wth a stand), the tenperature of
t he conductive paste itself is beliey@d to reach a considerably high
tenperature. [Effect] As explained above, enploying infrared irradiation
for Ccu;sﬂangxcaf e CONCANCE ¢ ea Pastef @9 @y seuUr whgnWubhhg RBosh@iteattime .

t han d'aocrp]onventl onal hot air curing system and the shortened curing
tinme f 7 ‘e conductive paste thus inproves productivity for radio
frequency |Pdemf1ducctaive)rpam wrpreSecend tanpedifpenande slepomlapaba)diwﬁnt
of a r [ q entificatign
el U acds Aot i AR Be (Y BRI EMRREY 4 oabeThate
to Fi gthefeim th@mmaﬂmsﬂ gk riet Wl@ﬁeﬂhtbaembﬁlﬁéﬁecta paper is

used agsddie siB A€ elféﬁlerrmrp Im\afdetsh%hle%shaaccf\sesgggﬂee'ehtﬁl g 4

a coiled nain _antenna nenb he antenna is first or me
print i YRFG 1P RS c%%o*&ﬁci‘f'véarﬁ’asrtr@t ADdSr EBHSBRI AEF MY %t%‘a‘:e?%rln a

exanplﬁmftear heimessed for printing formation of the nmain antenna nember 2

and for nt formti Qn of rossin r ection 5,

whi ch |ssgxprfcg#:§e Eﬁ[ijt Iq% t:empceu’:rl r%l(j:e 8% ttﬁg ﬁ%’ﬁ a%m't”éﬁﬁse n%'lf‘rb'é'i}eZ an
i nsul apmep e evidd ﬁlrcprs froy redie? whellgl the0Bondicbinve hpaasatpepmslteﬂplled
cr Oss'flgaéﬂefcﬁ SAPiS Qfﬁoéaﬁﬂe&‘chat%% GitRSkRE n @%E%ﬁ??&k@&' J.5r%§d95{:98ﬁd

on the 1 nsu In connection wWt

ati mater |
ant ennkATRT 1 AGendhe  TducOnsadeasng thet hEosanet memerumsttor

the megfateanng mﬁ%pc?.sltmssldes- %ﬁe@hteo--eehgwaa@r@nﬁ@dhn@tlaﬂaedue
i nsul atlgtqqmaterl xture fgg ul t ravi ol et curing

ot n S AT gl TARES A THee ey CiEPoss OF CPRFESE TLFC. & al umi na
or thestarkd., Titee nieps o s gratthe a:mhduexp‘mseplasoe ui tsavi oist rays for

curi ngoaﬂ-&%édq% %Eéaﬂﬂl r@tgdﬁ]derably 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 radic freguency 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 curing

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



4 is coated to a coating thickness of about 15 gm for exanple, and
cured by ultraviolet irradiation at 4 kWfor an irradiation tinme of
about | second. Since the insulating material is thus forned édtjmozlﬂ
slight exposure to ultraviolet rays, this contributes to bett r5
efficiency of the entire formation process for the radio frequency
identification medium The insulating material is highly viscous (10,000
nPa or greater) even with the epoxy-fgaased ultraviolet curing resin
alone, and it may be used directly so long as the substrate is non-

per meal)] & HNQUFRAMRIIARIRss ingchrize REdcivhem a mabaf rﬁi{@rdﬂi’ssiﬁgused

as the substrate silica may be added for ihl ckeni n éevent
per meatiitsh Saftd-ahe s’1§b§trr1é‘tt§ SA thg hASULHEIRg d"l‘ae $hsul ati ng

| NOr gl hddti®n RArHH @IS eind blfe thesmlaahl Agt & £ meibe A Wi hgsuhat i ng
property  eval uation test\ﬁ\{\{as conducted with_different. armq:nts of added

si | i cE&OMG Tt &3t i ﬁé‘mgnﬁlﬁﬂflgro?s b BT IR F VSRR ¢ est
were freabek t20 8 TS Siswichiredespeobthonldd pard¢msnadf the epoxy-based

ul travi ol ety cur.i Eg Eagcsil %—s 'ngéqutler‘ll ggsauaﬁgtly\f%eoﬁdgﬁ{( QMRS 5 K530 and

Adekaoptorrer nka Ko r the epoxy- based
ul t ravilgieetvicist r¢g1nr1e@1 ¥ sdmd aner e§i5P QGBHQ e ARG s iRt bcbes pm

by N Jon AeQsi lpa K. hQmithe o3 kheaiiRét erTﬁ@rﬁmﬁ&elmﬁﬁaéenaad
menber, the insulati n mat eri al was coated onto the i n. antenna ne

to a CUMITRG tt%l‘b’i&Fé's"sm&FtléaZG BRE SHELRIr ed By WMTHRS IE™R TP RER &t |on
(out puf i JOAtdd rt&dlaatdo@rtltrﬂgmthla}meex off seewnd)s .und cfossixngn@ls, JUL

2005 42 ct dDb t f

2n anttitha Hapd S et ona CropeEnoh 8 alt R S e G o
their tiess stfardeutas. measmded. Stheer tbesinmeka g jnakgeiadh bs stane
evel e aiithd Nt dil) S1ighd Rdbeales LBak eldvisie vergyd udgeds as having

a sati s? actory condi'tion insulation, O indicates that 8-9 were judged

as i rentRriktes |’-'rﬂjlkte§tt@s‘f teffétlcﬁe’/‘c\i(ef’é F iR gt bee |§Fs‘7.ﬂ‘aa"'t’e‘tf‘ BRACSES
i ndi ca¢ps diatr HiQ frRueleneyr Qd]e%@@@dcaﬁlbﬂsmléaﬁilﬁﬂ, [ Tabl e 11]

Epoxy- basedThSé l]!ncsaulraetslln%/ Snltaltle%%.allnsllélil ﬁ gfy viscous (10,000 mPa or
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 inocrganic 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 Adekacptomer KS830 and Adekaoptomer
KSB71 by Asahi Denka Kogyo, KK. for the epoxy-based ultraviolet
curing resin, and Aerosil 200 (mean particle size: 0.015 upm) 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 um, and cured by-ultraviolet irradiation

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



ultraviolet condition curing resin KS87L Aerosil 200 100/8 100/5 O-
100/2 X KS830 Aerosil 200 100/8 100/5 100/3 a [Effect] In this
experiment it was confirmed that insulating nmaterials conprising

m xtures of epoxy-based ultraviolet curing resins and silica car“bﬁy:u%fl
as insulating materials for crossing wre sections in non-contact

nodul es. It was also found, as shown by the results in Table 11, that
when the insulating materials are coghbed onto paper -substrates, using
silicaat 3 to 8 parts with respect to 100 parts of the epoxy- based

ul travi t ' resi g, J r e . [ LOR t he
i nsul av{]g%jgssé%ﬁ%%g.w%/%r?bgﬁ%ﬁﬁgi | c@lﬁ:ﬁﬁgggg,%é%oéﬁ? %ggé%gbf 68%%‘ to
be parahcantgiya ek czennRCHeh he &1 i @4) SWEh| anthpBagoverasfahrisaned

i ndi caj o4 ebove £04idhend@tedd ASasudda was confirmed that |arge silica of
1 mor greater has less of a thickening effect and has a m ninmal effect

of inproveth®i s hs tRGHFIY HIHRD ian % 556t e he¥Rpor af€dipnEBet RaPLrpers
of theg paRAlcatEy thaamhadi rant wARat haageabedi nBpinPla & 4Btk ©drf Or M ng
a multi-layered 2_5 JUL 2005 43 circuit for a radjo frequenpc

" dent | $7RSE FHAP 2l T REGI R ndD GBYIERESF nRAT | BP WITTS nBHRS Bl ai ned.
As theimshlatddyered meiircitels atear d-Ngwek et Nedgsd sentin s uiverdd 0 nd Nk
havi ng, an. ngt i ' r red. ot di her ei nbel ow t he
for mat}ﬁlgﬁﬁ%%%&if%‘?%‘%ﬁeﬁféﬂ% th%gteﬁg\g%r%géﬁ?gfxﬁeént ion will be
expl ai lBakby Ekknplifying an antenna as the nulti-layered circuit.

Speci f ||caéohayﬂ;asetdh(e asfienana |Iesiobtigarjedrsioytiad {ernate printing of a

conducti ¥&* %r land an i fgsul ati ng-|l &Et=Bnla paper as a substrate. The
i :

“substr FTIWT § (helod Z081[L T -dosFy €T 0 CigCUTt 1S
10075 ok
100/2 X
K630 Aetosil 200 10078 )
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 B parts with respect to 100 parts of the epoxy-
based ultraviolet curing resin is even more satisfactory for
formation of the insulated sections. Very small silica such as
Rerosil 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



formed is not specifically limted and may be one descri bed above.
However, the substrate is preferably paper and the paper used may be a
publicly known type. It may even by synthetic paper made from;?ﬁﬁj)%/
starting material or paper that is surface coated wth an org L 2005
material or inorganic material. The antenna is fornmed by screen printing
of one of the conductive pastes described above on the substrate. The
printing nethod is not Ilimted to scggen printing. The insulating |ayer
is formed by screen printing of a publicly known insul ati ng paste

cont ai 5§ NG, j NS Ald NARY e fSncyd 1RERHSE i 8R61 YA hOWSuR L d ¥EBng TS
printing method is not |imted tgereto The insulating particles™in the

i nsul aifhg neentdamy e gow e egrlaarafina, talc, etc. Silica fine

particles wd hm mrt1-&&r¢é:@de%l&baetoaca@r@iﬁ@tecs thapleserte
particul arly ribute to thic enln of the ink

preferr since the con%
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t her mowetdringg asy fdie Bythtnclhmiemgdanhgugsetu ng resin in the binder it

i's possible &fﬂr?.faqv@ eftfueCIa%anylaussbsiné@%§ e Arnd b ﬁyihegn&' ne
as a phOtO ttln%ilnsu atlng aste Eeotosettln resin and

phot os’k t4 PTG iateork anedt aﬁ”&y““? Enﬁlﬂll:a 0% laYe belh i IRRRRKE | #° t Pe

i nsul adupyr Rasie mae tselbtstt&a&@nanOQQScQStuéeﬂultﬂ—mga?mdumwgt past e
i nations o

Partlc IarI referreda em.ar.e in

cati o L s T RiEen o IRk PEre Sy bT et el 28008

pr operHovess/edzl ohe Es(u@sttr@ta Ry prkedstrble papet houd ofhe mmlmgea may
Circuid., fn, re e S b i and a
Ci rcw% 165 E{Lﬁj %gggr'by pri ILI)%I ng%g:hglﬁ o%&%‘gl% éH%%nd%{tIlga eg)pgﬁ%%e( Fi g.
5(B)) . £y @ mlwrwg: @t rddniongateréalsest Paper t bhae bontibeiace teeahed

cir CU'vht'?H téiﬁt&%a‘?ﬁd hedephen orayabr§hec heEe £xa0PI @ﬁ@%@f@nﬁ@clb ons
of the circuit 12 as |IIusttlrnat% »Lare eskgnggggugél‘;ehe hon: grl nting
sect i &Hascreen prin g D
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 pm are particularly preferred
since they contribute to thickening of the ink and maintenance of
the ceoating film shape. Howewver, the insulating particles are
not 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



- the insulating paste is printed onto the other regions to form an
insulating layer 14 (Fig. 5(C). After drying and curing of this

insulating layer 14, another circuit 12' is formed by printing ﬁmeéﬂﬂ?
insulating layer 14 in connection with the aforenentioned non-ﬁq

sections 13. This circuit 12' is then 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) areqglesignated as non-printed sections
13", and then an insulating layer 14" is formed onto the other regions

and dried; and hed Al (d Gn RlRM: gga@@' bla§"pe ABRE NShn& | LU LadZusly
formedb%y pFT i ing on e I'nsu 2 “I'h connection
non- primt ke seendwrsivs' ga%ﬂrﬂi t m@@cudmrtlylerefsrmd e@momdtlcﬁmedr% Fig.

5(F)) ¢ nsﬁraPEP&:‘?QL’:Sf dpbfePRalied oy 2lak§bRake hQEbQ&tE‘BanCJlEQl?EEQU' ts

12 an ating layers 14 to obtain a prlnted W ring sheet 15 wth an
ant enneh&oasd K¢ dL kel insulahidde @ roPLEGLeS - Post - processi ng of the

printed w rﬂ'ﬂf]s shegdy 1 e tihanstird@edal alétaoarsﬂ@mynadﬁﬁtyl fication
nmedi um . The e

ctrical connectiaon nethod ﬁ |-I n? I alternate
ci rcui FETTREY heTer Was RARSK dilng & &78PREE oaswﬁ ?eﬁ@y e YT al Fhon- pri nt ed
secti ohgapy e drof neckiocwilt V2 donrfectiedn bwhplkéntihe ohdesosectinnsaare
total ly | e t res i s.n i d to the
met hodg +Jlﬂ§é%%ef Cgl%a{% eelﬁe%e g]ﬁear%gul a tﬁﬁrl g}%g%!ﬂragn% Cup{n‘% nhtl%r for
nore ret¢abdrs conketéomedctied e idwe- }§I1Irﬁ!1é§ QGEWW ora hmauereve | ayer

ey bey nen Vs 2 J ko 1005 ngdtfe RS QuekibRe BENeRsi Oledusecisons. Al So,
the order does not necessarily need to be as illustrated, Varjous

devi cebl luterrtrd ) @EhidRs 1TRaF Sk a0 ThEeOBAPEIRALRI nifF T 193 et 2d2R%  cui t
formedethy irmeurethog wdsddieid peemdean onlty tﬁénaeaérom@mm dtogféom an

publ i c| omn hods C dln ndi.n anlsotro i C
conduc’f’iY?/'é 7“%@% ig 4sltﬁr%p(\@3 cog‘gucfl 35 Bag 1 ¢ AOpyINg OF this
non- comlmlamg)alsaxeex( NGP) ,arcrtdam solrdedt Bal| &5 é@medlfbmememawg t he
connec&]l'f)g Shd eirg%aty rH{OJH%FéLE% Qh E:%hREQEQSH Qi/tﬁ bl i cly known

under fi mat er | tin mat er i al the entire
mul ti - ESEPUeRR R (,‘FCP‘E:LN”SR?& |5@ﬁtﬁﬂ95bé3 co'EPéﬂ G FFHLEE At | h§ then

materi@bi @ 4hd nedSedrotag! 3¢p)fir.omrhe 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)). In addition, another circuit 12" 1is
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 1s 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 methed 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



external factors. Exanples of nulti-layered circuit formation according
to the invention are provided below, with the understanding that the
scope of the inventionis in no way |imted thereby. (Preparatigrgsﬂ‘

phot osetting conductive paste) A mxture (F) of Silvest E-20 an vaggst
TCG 7 silver powders, both by Tokuriki Honten, KK. (at a weight ratio of
8:2) a mxture (G of the epoxy |linonene dioxide by EIf Atochem and
Adekaopt onrer SP-170 and Adekaopt one 66 by Asahi Denka Kogyo, KK
(mxed ratio: 100:3:3) and (H) the polyester Vylon 500 by Toyo Boseki,
KK. were conbin t _(E) ) : _ i n j '

05: 305 LR Pt S A BRI e A E ol & Tl 1o e & Shet csetti ng
conduateices spastly flepd gobbeugedifdnsthatednvention. (Preparation of

phot oset ti Rg Jinsil AiAQ RASLELLAdSKREPERIBE, Kea $ He btodisad DepkacnkK. as

the photosetting resin conposition and Aerosil™ 2000F by Ni hon Aerosil,
KK. asutlitd -lgiveiresl ciigeudar fosmed Rir Ehei Rebhed of weigyntnyeRrfons byp: g

?g;ﬂ tmbm%w heRJreRadek ol ualtaly AnoRet REERA$N0indRd Bid NG past e
(0]

e used for the invention. Examlnl e g6 Theb;g(ghoer used as the
subst eanslings (B -528pGE0RR SBRSHF TS 5 5HES 205" 462 K€ ° BhtPt e
conduddneidiasiee pése@ Wag oS- 4bo-MohyuAsahe Ghste caliCpP)Laboredor sebde KK
Screen prijnti was carried out with th ) i i )
made G130 @5T ;[r?gnt?&\ﬁsr?@rg’l%errgg g%%%%rga%%% e;!{'%%"”hér- %ﬁ%@c%&a
t hi cknesscedfn fbrapm WY i pbdid lyuknayn wader Eallimatorial ron PRECHRE oven
at 15Q 30 m nutes. CR443 by Asahi Chem cal Laboratories, KK was

matetials . . . . ;
then uSed as an i nsul ating paste for double printing of a pattern with
the plate AlBoshdibe ientHitg "wdB) -fageromot_E s oh T C%hd fn%%ﬁ@nam%ob?resh
and capahl £ 8fcprd Hdatd g matleltiiaknegs foimlbo Prowdsk: diyi figoand curing
were carried out under the sanme conditions. Acircuit pattern was forned
as a t?’f‘iﬁ%‘aclorﬁﬁﬁﬁqrvse‘ | ayer (circuit) through a process involving
"conduct i veEdamgere prahinuig inilialyemledt eit6uandfoonyt hefl accordimat tagthayer

printiy re;’/%t;i&rfla%tee P AN LAY, wiEANEHE! iNGe b S¥ERA DA EAAE ¥hEh plate
scope of the invention is in no way limited thereby.
{Preparation 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 E1lf 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-33 by Nippon Seishi,



Exanpl e 77 The paper used as the substrate was NPI-55 by N ppon Seishi,
KK. and the conductive paste used was the photosetting conductive paste
(1) prepared above. Screen printing was carried out with the E|BL @%6
shown in Fig. 6(A) made of TetoronT" and having a 180 nesh a% J § |l e
of printing in a thickness of 15 m Curing was carried out by |ight
irradiation at a cunul ative dose of 5000 mJ/cn2 (neasured in a

wavel engt h range of 300-500 nm) usinggg 160 Wcmnetal halide |anp. The
af orenenti oned photosetting insulating paste (J) was then used as an

| nsul 3f NG RS I ndtidd)e® Udddl 1B3ea0had BILEE5 DMy MIde: RERERI 41
shown Tn Fig. 6(B) nade of Tetoron" and having a 180 nesh and capabl e of
pri nt i perateriad c¥ffess SHreEn GRIGAGICHRAP ngRhBsedaP T ¥l Wit Ehgapha BS

light 14 rﬂ?&}@tiwi . % QYMHRLd W 4@28r8hm500d MHAGTRg (AEESOINREsh NaRd

wavel ength range of "300-500 nm) using the sape light 1rradiation .

appar a2 Q¥ RAX PR érth t¥fpl e ctive r
ble qf Gt adhickngsd 25 Lot MRpl L ESHANARY CUFEDE
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pl ate nd curing" - "ins tin ayer pripnptin t at e an

Curi ngeRe 48 ok dratity Enemide b HAREAg Bk, ikt o1 6 i Left 2 Fhe

f ol | owiigu el rop mpertad | fioer ebarpileepriintthngnby @ santgéen WHEtIULh@09batd7

conductiv [ cultad ayer .., Gonparat | /P 1 p a he

substr%—t e&v\%sr(l\#}-géﬁb;g ﬁ}ppon Se‘%sméfiogéﬁ. éﬁ% 13%%_{'12 n%ﬂ%?\ﬁ‘g%%ﬁ%&used

was LSap@d ol pwidHi irnchdm dalthickisgrat 6Fi €3, MRK. 253 r el BT i ¥ ng was

carri e&ﬂﬁ%m&& tdhier Pl Sutl GursfeWinien sEind. ¢Sk & 186, ofa Tei eg@nt " and

having a 180 nesh and capable of printing in a thickness of 15 gm

Dr yi nepaREF T4y SIS G 1 & e FRMEURGEVS! 12 §0En (Gt E 48t 1 Bheapeh

M nut eg. p AR ailrwel ey TPl ntlicHierepapee rusedn asng hei sulslate el Gasnd

NPI - 55 by. Ni ppon, Sei.shi,._ KK. The cqn iV S Coat
phot os%f%/*% c'(')ncfur%:st"llslvaet:"n ?taley 0 Prpr gggl%e %e'i géiefgtésjcr?ge%@%r%ﬁfll%% was
carri etcondustikve kdweplrtintihishdwh pdaFpgléctng Aadendt- Tetoron' " and
havi ngg 2, Jesh and capable of printing in a thickness of 15 m Curing

was carried out by light irradiation at a cumula gg/e dose of 5000 ., .
The papér used as the substrate was NPI- by 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 um. Curing was
carried out by light irradiation at a cumulative dose of 5000
mJ/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 um, 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



ml/cn?2 (measured in a wavel ength range of 300-500 nn) using a 160 Wcm
metal halide |anp. In Exanple 76, Exanple 77, Conparative Exaqgﬁﬁulﬁ@end
Conpar ative Exanple 13, the surface resistances were neasured k
respective circuit termnals. The results are shown in Table 12. As seen
from Tabl e 12, better results were obtained in Exanples 76 and 77 than
in Conparative Exanples 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 termnal (ml/sq.) Exanple 76 7 Exanple 77 14
Cbnpac%ﬁ4%%tgygn@f%c%%thﬁggqnparat|ve Exanple 13 40 [Effect] The nethod
descri g above realizes parallel and serial «circuits in limted spaces,
or | aCgEpediagiveddx@mlor dde, and further a radio frequency

i dentifi calphn gAML s tR@p%hbgm@aéQl—ngOﬁPI 485 e Skt En r@é’{‘éh{‘? an
| C chi Fourth enbodi nent The foll ow ng $ anati on concerns a four
g

embodi¥¥fen@nek the CONEMTTA VIO PR1SIG Hé?ﬁoﬂaﬁe% hbeC Wl LY At Eehenical
CondUQIalHtﬁ:eﬂt@y:Qres amK.| OWrereeLSps:hﬁlﬁﬁﬁgvﬁhblecaf\tié'@%utf BEHELH | tige | P4 €@SEd

f t f t th | | ust
ot or dhc N 38 aSaPnAraE Sk AFROraRT cH. PErTAY S LTS 2pFenna
| oops c&@e@rle focfr mmnn(gnen Qi atelgknassheétlﬁnkle s ubsy tred eamhdeuoingaper
or 2 WU WadDiedFALh %t%h%c' Q3R 3dehSatorpesedsol o Gonsiedive |ayer

made by~ screen pr| e af orementi oned conductive paste. e antenna
Ioopngggﬁﬂéqﬁﬂ%nﬁfqmﬁhﬁ d¥mretrical pattern at symmetrical |ocations on

ei ther sidenef padedl diskél $8Ckhans3BsteriBdvat RPIPPSidy Qtighon ddsh e

substrate 3§ |nto tmo arts. Next, glue 36 conS|st|q9 of an adhesi ve or
t acki ffer EPAAUF P@&tSnPEeSnEant?ﬁeP%ﬁY%ﬂ%%.*?ﬁuf? Yfelul Eur f aces
35. 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 um. Curing was
carried out by light irradiation at a cumulative dose of 5000

mJ /cm’

{measured in a wavelength range of 300-500 nm) using a 160
W/cm metal halide lLamp.

In Example 76, Example 77, Comparatiwve Example 12 and
Comparative Example 13, the surface resistances were measured at
the respective circuit terminals. The results are shown in Table
12. BAs seen from Table 12, bhetter 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/sqg.)
Example 76 7
Example 77 : 14
Comparative Example 12 19
Conmparative Exampla 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



The substrate 32 is then folded at the folding section 34 so that the
antenna | oops 33 are on the inside. The antenna | oops 33 matching each
other by folding are | aid over each other through the glue 36. A
prescribed pressure is then applied to attach and join the two 28nJltn2868
| oops 33 to produce an antenna 31. Fig. 9 is a cross-sectional
illustration of a part of the antenna 31 obtained by the nethod

descri bed above. By attaching the magghi ng antenna | oops 33 with the
glue 36, the matching antenna |oops 33 are directly joined at intricate

secti of\ghs ¢ 0418 Mo Sidd CarPfrCUNipUi ty. The matching pair of antenna
| oops 33 are thus integrated to forma single antenna |oop with a

t hi cker conductive layer. This gives an antenna 31 with a | ower

resi steheecly admtsodfdngreater clarification of the gist of the invention,
this dravmﬂ_ﬁ djg ﬁnnot show .t he nmount i ng sectiop on which the 1Cchip is
mounted or the TONHEThERPAEALSON GANEPFRAt BdTALF DR seqRediment g€ Rop.
The glaretemm:l froym irey smta;ocgldaeu@ﬁemwi:aca ut Rtk lbyr Sbts’ﬁdlﬂimlee51d%r2005
49 3M, KK t he Jues an bel ow. ma e applied
ont o tahe sur acgeé hsIe)teq"pérleow vmwg%p’an ag?‘é‘ﬁh’éﬂf%o ly%reaasecgpr ay net hod,
scr eemary fad YRy g ek tor cgrmpere@apnngfﬁerh@d It may al so be appli ed

onto the entj raly Of 1 NG SUIACe 2h rthee sHhsSE f‘tﬁ %%&J&%Qe a@ﬂ%ﬁna

loop is fornmed. In addition to _coating as a s
appl i PGS0t Fri%ihe 4 BT Bt laé‘ltﬁnnSyh?%’E i %3 r%@ﬁ rqu-a‘%%%(é%n,ﬂ@ﬁ%nyl

YJ230143_d1y A tes Wt esdti- Ma@a@mbBASE;eKlﬁadeA&EOQapaEw DdyeNhopy fpsei Gonu,

b 270 hi K S fl SF110 b
i | ARG RE, dRTP B P NAPHPRPeRubbes Tl B0l YRR, DY
pol yvispdeeas lm?rlntpaw\nhwluf@lrcoholt;oseyr eomduorivmlpEsteaci T ss@te!ﬂdai n
2 so Wos Wi\ ity 39 %p@%ﬁgt%%aftgéﬁ lad Sildb La0oY! 3

g/ cn?), ght pressure (about I's sufficient %chment .
Wien tl’r’fé:ad%’tﬁ’élss@q &ltthiegk 3 igst ﬁfhéatfoéﬁéln%r%%%ﬁﬂr@ 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 36. 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 intricate sections
forming a state of continuity. . The matching pair of antenna
loops 33 are thus integrated to form a single antenna loop with a
thicker conductive layer. This gives an antenna 31 with a lower
resistance 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-



may be applied (for exanple, 30 seconds at 5 Kg/cnR2, 130C). A thin

antenna was then obtained by an antenna loop in the shape of a 1 nmm x
1000 mm conb-shaped pattern, by the attachnent nethod descri bed ab%)1 3

Tabl e 13 shows the results of measuring the resistance values for % UL 2005
attached thin antenna obtained wth |[|ight pressure applied for the
attachment (sinple attachment), and for an attached thin antenna

obtained with application of heat ang, pressure (heating/pressure) and
antenna | oops prior to attachment (antenna 1, antenna 2). The fornms of

gl ue i t| th| appl i.cation hi i catio n attern
coati ?FSP' espe& I \\,/\Efl'% ﬁgh&%g l}glﬁsvglepﬁkoﬁ/%g tﬁ%ﬁﬁ% %Xb{/i%sqﬁg Chem cal
Labor atppliies] oo, tekwd st agat gondel popyided ewioh ned dyteoreekpoprinta ng
in a t f 1 0 i Me/ thick
Pat t er ra&gg{\ lcati’ o%%@eln gatl;}'g% %og‘téltgég % argnna %1' 2‘%%%8{% A% enna 2
20 20 mn@mlém@ez@p@dleét eaciemshe Heattrﬁgw ppEseng esunfage 1OE thmits:

Q As shawMtded Tabhs ik aBQVencehsar esbat a9CL ¥RbHIES ﬁ{eadcmy&%&dc&y the
attachnment. O particular note, when heat and  pressure were apﬁ 1ed the

resi SR NFalafed e thallt MR 2188 ?FaﬁE%l%%ﬁiu’e% H®E e it al one
in al lpadases. These were resistance values in accordance with ohm's Law
for par allel connections, and thus an effect of |ower resistance val ues
for the thin antennas was confirnmed. Because of a lack of continuity
bet weedyrtthe ttiwo rasiendatdeseps after sinple attachment with the glue by

t hi ck appli an o Orl%m Meeupals EQ R&PQQ{; A s hEkK ant enna | oops was

measur ed. in an ennas Wt resi stance val ues can be

obt ai ned bym?m,s AFsYly SivmplidomeSREE 1t Rardi n¥Bt ves | ayi ng two antenna
| oops togetikahdan falodibyo nMaRdnakt &eabaRg ke gh. glue. It is also

Superflex SF110 by Daiichi Kogyo Seiyaku, KK.

Natural rubber latexes

Polybutadiene, polyvinyl ether, polyvinyl alcohol, styrene
or maleic acid dissolwved in a solwvent. ,

When the glue 36 applied for attachment is thin (about 3
g/cm®), light pressure (about 2 Kg/cm?) is sufficient for
attachment. When the glue 36 is thick, both heat and pressure
may be applied (for example, 30 seconds at 5 Kg/cmz, 130°C).

A thin antenna was then obtained by an antenna loop in the
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 L5415C-M by Asahi Chemical
Laboratories, KK., and the antenna loops were formed by screen

printing in a thickness of 15 um.



possible to reliably lay 'the two antenna | oops together w thout
m smat chi ng. Thin antennas can therefore be obtai ned w thout
attaching and joining two antenna | oops with the sane

and pressure it

troubl e.

B
resi stance 214k Zﬁﬂﬁ

thin antenna with 1/2

by heat is possible to obtain a
t he resistance val ue. Thus, even when the antenna |oops are forned using
i nexpensive materials having high resistance values, the resistance
value of the resulting thin antenna s reduced to half. It is thereby
possible to achieve a property simlar to a sinple antenna nade of an

expens&y ngﬁ rial with a |ow resistance value. Each antenna | oop may be
fabric i its own specific resistance value. The antennpa

resi staphce val ue can the|efdne/teine| @lveldhilcksed BatByms |aw 2 5 JUL
2005 B5|L for resistance |appiioatidntappbitabion || tcombingorp becones
easier [o sahteagsasthancelvaluep for thin @otennag 1n @onfornjty wth
desi r edF USER L tWRRAOST Nayi g G provide N@ger ous [ Typegeor  cpnductive

mat er i ap-s—ot J{n#c‘l?ntclmn oo v PoveT by—t=yrrg—tggetier two

sheet -1} ke Sy g& afes to attach and|join‘the an{ennaloops pf each
substr - : } 4ﬂumbf§-+heuanbegna—pe—bending IS

i ncreas atipng/pressurel one Aladi |y appa# nt frbmthdOdr aui g. Fig. 10

shows a(uriigrg: s8cti on where the anténna 31 has been folded. As seen in

this illustyaty . CT, 37 -h cu d_in. tema.d o 33 where
it has beerf[ o%hgg&&" V\Tga\%re, 71s3i %%ggt%ﬁe%rgt E%?Jr'\%p‘grﬁ?%n‘?\a Aoo%ge 33 are
di r ect}gwg§msich&y ddhee@ditaaiegrdbovef pantipwlay Rofe, tHemmedhardop 33
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| oop Continuity of the entire antenna 31 is thus properly ensured.
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glue by thick application, the resistance wvalue of one of the
antenna loops was measured.
[Effect]

Thin antennas with low resistance values can be cbtained by
this wvery 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 hawving high
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 expénsive
material with a low resistance wvalue. Each antenna locop may be
fabricated with its own specific resistance wvalue. The antenna

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



corresponding to the termnals of the I C chip. Adhesive joints are
formed by a printing nmethod using an insul ating adhesive substance (L)
at the non-termnal sections. The IC chip is adhered onto the SH?ﬁ@igﬁ
by thernoconpression bonding to achieve positional anchoring of &t ﬁb
and connection reliability. The substrate used may be one of those
mentioned for the aforenentioned substrate (E).. The antenna may be
formed on the substrate by. a publiclggs known nethod such as printing,
using any of the aforenentioned conductive pastes. 25 JUL 2005 52 For
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COMPONRG{itsS i 1aRG drfa tisr &f @raklky 32 6eBdYELh¥LePaSt cid tah RN A opsihEsi ON
to both the _anb_ienn and the netal of the I C chi term nals. The
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i nsul ating adhesive substance (L) has the function o? posi tional
anchomineyisfed by [1Gscimiascih ngdhaseonaahdonf 3 pr everittimgiitsherk Wiecuits

bet veqshdile GdWel 18 GENReLh PRSpedSyVWBhiuAsd .

<<IC chip meounting 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 an 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.



that of protecting the conductive connections fromexternal shocks. It
is therefore preferably conposed of a resin with high adhesion to the
nmetal, the substrate and the circuit on the substrate, mﬁthsfim&- ent
insul ating properties, and with the ability to absorb stres 05 ai n
generated by heat shock or physical shock. In cases where it is
difficult to achieve insulation with the resin alone, an insulating
filler, for exanple silica, alumna,sglass, talc, rubber or the like,
may be added thereto. The resin which is an essential conponent of the
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The conductive particles will typically be a metal powder,
especially silver powder. Conductive metals other Ehan silver,
such as gold, platinum, copper, nickel, cobalt, palladium,
rhodium, etc. may alsc be used.

The insulating adhesive substance (L) has the function of
positional anchoring of the IC chip by adhesion and of preventing
short circuits 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



am no conpounds or peroxides, (6) polyval ent active hydrogen conpounds
represented by pol yethyl ene glycol, hexanethylene glycol and gl ycerin,
and i socyanate conpounds, (7) liquid acrylate conpounds suchzggULzmw
pol yet hyl enegl ycol diacryl ate, trimethylol propane al kyl ene
oxide-nodified triacrylates, etc. and radical generators, (8) vinyl
group-containing liquid polyolefins and radical generators, (9)

vi nyl si |l ane conmpounds and Si H group- §9ntaln|ng conmpounds, and pl ati num
catal ysts, etc. The conductive adheslve substance (K)y and insulating 2 5
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phot osettin re 1N rpr:)om tion.is added, %%1%{ i ncl ude
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waxes, (I r%lycgfcbrdf &toel,p%\tnes sy as gureddel teeamemt é@eﬁnrsertqierpe amy be

bisphencl F, or liquid epoxy 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) liguid cyanic acid ester
resins represented by 1,l-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,
trimethyleolpropane alkylene oxide-modified triacrylates, etc. and
radical generators, (8) vinyl group-containing liquid polyolefins
and radical generators, (9) vinylsilane compounds and SiH group-
containing compounds, and platinum catalysts, etc.

The conductive adhesive substance (K) and insulating



mentioned silane coupling agents. As fillers there may be nentioned
silica, alumna, talc, clay, etc. Al of the respective conponents of the
conductive adhesive substance (K) and insul ati ng adhesi ve substance (L)
may be m xed to make a honobgeni zed varni sh, or an even di spersi_on
prepared by . kneading by appropriate publicly known neans sudty B 2005
kneader or triple roll. The adhesive substance is prepared as a vi scous
fluid in a tenperature range which dags not degrade the substrate 2 5 JUL
2005 55 during printing. This substance is applied onto the substrate

after form.ng th i_rcuit, by ptinting m iNgi I carried
out bf@‘e&}ﬁ% ésluésl‘%ﬁgv% r%'?hf)t%}’ %{ﬁtgaggfgeg%%?‘?erﬁg%o Pjrsé%a%%i %ﬁ? arly
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final Thermconpression bonding conditions for_nounting of the chip,
pr ef eriablordgirt tion ayoishsesddyee ipakhe BYSURYLBHEST WY HW ' | ARaFhARR of
0. 1- 120 $£6991ARd hist Bi Bod 1RRGSPBERE 62NGS WigKs d-thdn M0 °An exanpl e
of a nmounting nethod will now be expl ali ngd in. detail, with reference to
Fig. Examples pingluge ByrdregagPgn F9LKFRCF oo FFly. 21t B UM gs. 12(A) to
(F) argydmmeixalne;r asshyaelicanhexahew nghskapt i 4nddpeneavse ofaXdehabsint i ng
position shown in Figs. ,11(A) to.l k T ol loping stepns are carried
out t e YuAS d‘r?olp('foggfi%‘p%og‘é%l ehd r%rég %i%gg%%s%'_ti on C%‘ostf a substrate 22
on whicyrlpheivagwinte, e thyd ksbylf sefedeasremhght evekiton tkrteaef ace by
the ”E&-% dgsGnRed APque phbicbnEReestEe4li Sudl s dQiyRPh i,
subst rat e % ?(%i g. 11&_@0, Ei g. 12(A)). (ii)_ The insulating adhesive
subst @Yl poesafse @i Putydppresttsn BYYSC hrreRh Tt tHAEHF m an
i nsul ajddg tadhesuned aseelthgl ed2giiiceh forsmethyrovetiet he sections of the
termnals 24 t.Wo hownhr?g)lof the LC chi 23J(fFi N Fi g.
12( B) )P Lo Wﬁh&%@e%ﬁl n&XPeEr epl® lﬁ)ép?rrlleé lécf(?lngm%r( rae“?étl-'t\l/lé‘gsecti on
25 maye tee 1s lrjde X-ae tho ty-Satmesily Lbut i Lasctibate nga s evekt ranagivesdc
P rradi a6 o0 Y KHiOhPeHY o' adi-at beNeh@selt My be nmoved
The adhesive substance may be previously placed in a
semicured state by heating, electromagnetic irradiation orx
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 resins 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



directly to the next step. (iii) The conductive adhesive substance (K) is
used for application by a printing nmethod to formterm nal adhesive
sections 26 on the circuit 21 to a greater thickness than the insulating
adhesi ve section 25 so as to ensure contact with the termnals_24 of the
IC chip 23. That is, (the height d of the insulating adhesive Z&cilLc3i05
fromthe circuit) < (the height d of 25 JUL 2005 56 the term nal
adhesive sections fromthe circuit) (§6g. 11(C, Fig. 12(C)). Before
noving to the next step, the term nal adhesive sections 26 may be
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el ect r pamg el ff mJI-r(a.cB atpson. This corrpl etes nounting of the IC chip 23
(Fig. 12(F)). In or o prot ct the unt eglportlon of %he | C chip, the
nmount i ng protedtite st cco cﬁ ﬁlboutoltnﬁemie bR £ TP &7 y*Mcoati ng
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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 (Fig. 11(a),
Fig. 12(A)).

(ii) The insulating adhesive substance (L) is used for
application by a printing method tc 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.

{iii) 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 d' of



i nvention have been shown and described, it will be understood that the
present invention is not limted thereto, and that various changes and
nodi fications may be made by those skilled in the art w thout departing
fromthe scope of the invention as set forth in the appended cg?ij[]g.m[ﬁ?
WHAT IS CLAIMED 1S: 2 5 JUL 2005 1. A therno-setting type conductli'Vv
paste curing nethod characterized in that an ultraviolet irradiation
lanp with infrared ray em ssion is used as a |light source, and a therno-
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past e deitgiomadheltild arAli8htibnhadi ation lamp with infrared ray emi ssion
is used as _a .light urce, and said _conductive paste is i rradi)a}t ed with

h 0] :
light fromddi FIPHRESofPLBHEE Oy tRE. IC chip 23 (Fig. 12(F

In order to protect the mounted portion of the IC chip, the
mounting procedure according to the invention 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 process
for a radio frequency identification medium with a mounted IC
chip.

While the presently preferred embodiments of the present
invention have been shown and described, it will be understood
that the preseht 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 c¢laims.
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I dentification nedium provided with an 57I C chip and the antenna, said
gethod conprising the steps of: providi'ng a pair of antenna | oops forned
y printing with a conductive paste on one side of a sheet-Ii Egmlromg{'

subst r at eWHAT S CYAIMEDIISal pattern positioned symetrical ly
folding section formed on said substrate as the center line; curing said

conductive paste, wherein an ultraviolet irradiation lanp with infrared

ray em so! o thamiSERByd LMty OHSRe. AR the Rl LAPRAEEY YPURFShEunt Sole

irradiated Wt om sal or curing; applying g
to at | edshdtiendbnriphwithntiearsa dagroamfssramd ssatkbas aal@tfsﬁdcmgam@@ thermo-

substrate at the folding sectjon so tha nna | oops are on the
i nsi de t GetiRGtRELoR W%ﬁ@ﬁﬁ‘?&ﬁ%'@‘“‘aﬁ%?ﬁ@nﬂ%ﬁ f%’.CB?W'I C chip
mounting nethod for nmounting an I C chip onto a ci rcuit on a substrate,

said nethod conprising the steps of: formng a circuit on the substrate
on whi ch 2. fethie@noiseiting type obdudtive paste guringymethpd @ceryding to Claimcb rwhesein weid

t d
o i ¢ Pl Piab e it 48 B {arlidEntanoR's fickd BhicR o, & FidHicRiceti
conduct i iRereagtiemp,Sandid x@dbAtagp. Wi th [ight from said Iight source for

curing; formng connecting sections with termnals of the IC chip on said
substrate by pr| nt| ng wi th conductive adhesive substance; form ng

i nsul ating 4 \ﬁ, b ahiekiY o'g rdRSieb Lty RlentifidBtioh meédin® pdldédivith an IC

substrate by pri nt| ng th an insulating adheS| ve substance; placing the
| C chi p athiptang tnepanteninagsasionéthdcesmpasiog the stepsiof- conpr essi on bondi ng from

above the | cEar?nrtllln o BndlBKE P in an antenna-shaped pattem on a substrate on which the IC

chip is mounted; and
curing said conductive paste, wherein an ultraviolet irradiation lamp with infrared ray
emission is used as a light source, and said conductive paste is irradiated with light from

said light source for cunng.

4. A method of forming an antenna for a radio frequency identification medium provided
with an 1IC chip and the antenna, said aﬁtenna being an antenna comprising a coiled
main antenna member and a crossing wi;'e section situated across the main antenna
member in connection with one end of the main antenna member, said method comprising the
steps of: |

forming said main antenna member by printing with a conductive paste on a substrate
for mourtting an IC chip,

curing said conductive paste,vwlereinA an ultraviolet irradiation lamp with infrared
ray emission is used as a light source, and said conductive paste is imadiated with light
from said light source for curing,

printing an insulating material comprising an epoxy-based ultraviolet curing resin and
insulating inorganic fine particles onto prescribed sites for said crossing wire section;

curing said insulating material by ultraviolet irradiation;

forming the crossing wire section onto the cured insulating material in connection with
one end of the main antenna member by printing with a conductive paste; and

curing said conductive paste,wherein an ultraviolet irradiation lamp with infrared
ray emission is used as a light source, and said conductive paste is imadiated with light

from said light source for curing.
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5. 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:

providing a pair of antenna loops formed by printing with a conductive paste on one
side of a sheet-like substrate, as a symmetrical pattern positioned symmetrically around a
folding section formed on said substrate as the center line;

curing said conductive paste, wherein an ultraviolet irradiation lamp with infrared
ray emission is used as a light source, and said conductive paste is iradiated with hight from
said light source for curing;

applying glue to at least one of the antenna loop-formed sides; and

folding the substrate at the folding section so that said antenna loops are on the inside to

attach and join the matching antenna loops.

6. An IC chip mounting method for mounting an IC chip onto a circuit on a substrate,
said method comprising the steps of:

forming a circuit on the substrate on which the IC chip is to be situated, by printing with
a conductive paste;

curing said conductive paste,wherein an ultraviolet irradiation lamp with infrared
ray emission is used as a light source, and said conductive paste is iradiated with light from
said light source for curing;

forming connecting sections with terminals of the IC chip on said substrate by printing
with conductive adhesive substance;

forming insulating sections in the mounting position of the IC chip on said
substrate by printing with an insulating adhesive substance;

placing the IC chip at the mounting position; and

thermo-compression bonding from above the IC chip for mounting.





