1 SPECIFICATION TITLE OF THE I NVENTI ON Conductive Paste and Conductive
Paste Curing Method, Method of Form ng Antenna For Radi o Frequency

| dentification Medi um Enpl oyi ng Conductive Paste, and Radi o frequency

I dentification Medium BACKGROUND OF THE INVENTION 1. Field of the

| nvention The present invention relates to a conductive paste and a
conductive paste curing nethod, to a ngethod of form ng an antenna for a
radi o frequency identification nmedi umenploying the conductive paste, and
to a radio frequency identificatigpRciPdtafion2. Background Art Recent years
have seen the devel opnent of radio frequency identification nmedia such as
so- cal | BHHe Pk oHHB ANVEETEM™s for use as 1D cards, tags, nane tags-and

t he | i keondiatied Imveaﬂidﬁg:ormunttand Rastée rtgafjrng)mamtoal usietiotiead/ wit e

deViceSe§¥ﬁﬂn@j%_£gﬁﬁfi d1§p§ﬁggﬁgﬁé %}f¥¥k(ﬁ¥§ﬂa§%f% cards are

di scl os panese ati o open 18, Japanese
Pat:ent Em@#?!%ﬂg(ﬁPQQﬂQFkXﬁH?ﬂ%ﬁe 8a2¢653@1gn@rqqqaaqnuﬂgenrhﬁscaﬁype of

radi o fyeguency identification media is forned conprising a substrate and
a coating nenber. and sandwi ched therebetween an -antenna for transmtting

and r eCRACKGRPEIR L (THY ANYFNTIONCt r omagneti ¢ waves as the transni ssion
medi um 1w Fhe b £ teHd p[nd‘aaaz\um@ built-i n functions allowing witing and
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wher eby a net al iTect vapor deposited onto substrate and etching
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identification medla such as so-called non-contact IC cards for

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 4-5 meters. Such non-contact IC cards are disclosed
in Japanese Patent Application Laid-open No. 5-166018, Japanese
Patent Application Laid-open No. 8-216570 and elsewhere. This
type of radio frequency identification media is formed comprising
a substrate and a coating member, and sandw1ched therebetween an
antenna for transmitting and receiving data utlllzlng
electromagnetic waves as the transmission medium, with an IC chip
having built-in functions allowing writing and storage of the
data, as well as write-over and erasing. |

A radio frequency identification medium, being%typically
just such a non-contact IC card, requires the antenna connected
to the IC chip to have a thin shape. Methéds employed to form
such antennas_include vapor deposition methods whereby a metal is
directly vapor deposited onto a substrate and etching methods
whereby a metal thin-layer is preformed on a substrate and then
etched, as well as coil bonding metheds whereby a separately
formeq coil is bonded to a substrate, and printing methods

whereby a conductive paste is printed onto a substrate in an



antenna shape to formthe antenna. O these antenna-form ng nethods, the

hi ghest sensitivity thereof is exhibited by antennas forned by netal vapor
deposition ~nethods. However, when irregularities are present on the
surface of the substrate during vapor deposition of the netal on the
surface of the substrate, the surface condition has a direct influence to
the deposition surface, resulting inirregularities on.the netal vapor
deposition surface. This has led to inconveniences including greater

turbul ence of the electromagnetic fiel distribution and | ower sensitivity
of the antenna._ Etching_nethods are antenna-form ng nmethods that allow
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nuf acturi ng stéps such as screen printing onduct1ve stes onding
of IC cﬁP§§n§ﬁd antennas and attachnent of coating sheets (or £ilm

| ami nat i on) E&ahbﬁg nEPhoASdary dlterR-roriaAgemethndde tHd ttd NbwaGynes
thensel§%§.aggr g gnduct ve | ayer formatiQgn for these antennas and
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sol vent $,5 28475 H§ ?SffQﬁgaﬂggiéé%f”gydbkkgﬂing with etching solutions.
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.

AN

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 thefmosetting conductive

pastes that are cured by heat. Such thermosetting conductive



by evaporation of the solvent or by evaporation of the solvent coupled
with curing of a binder resin. A phenol resin, polyester resin, or the
like is used as the binder resin. However, conductive |layer formation with
thernosetting conductive pastes requires heating at 150C or above and
treatnment 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
the conductive layers are forned has & so been unavoi dable. On the other
hand, photosetting_conductive pastes are also wused for conductive |ayer
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the cured products, their high viscosity during application nmakes it
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order to improve the conductivity. of the antenna. Thus, once the
photosetting conductive paste has been fixed onto the substrate
by light irradiation, the organic matters are decomposed and
removed by post-heating at 500°C or above to form the conductive
layer. This post-heating is usually carried with an electric
furnace. However, as mentioned above, since heating is carried
out at 500°C or above for the post-heating, only heat resistant
materials such as ceramics can be used for the substrate on which
the conductive 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.



of a substrate due to heat applied during the manufacturing of the radio
frequency identification nedium to be capable of enploying a materi al
that has an inferior heat resistance as a substrate, and to inprove
productivity for radio frequency identification nediuns, by providing a
conductive paste and conductive paste curing nethod, a nethod of form ng
an antennas for a radio frequency identification nediumenploying the
conductive paste, and a radio frequency identification nmedium which are
capabl e of resolving the aforenenti oned problens. A first aspect of the
present invention is to provide a photosetting conductive paste having a
sur f ace SPMYRRE ;QE THE ?B‘?E’H%Q}Ter than 200 mQ sq. upon curing by |ight
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characterized in that the paste comprises conductive powder and a

photosetting resin composition in a weight ratio of 50/50 - 95/5,
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?/g,
wherein the weight ratio of the dendritic conductive powder and
scaly conductive powder is 60/40 - 95/5. |

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

Furthermore, in the above-mentioend photosetting 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



paste, it is preferred that the paste further contains at |east one
processability of printing/bending ability inprover selected fromthe
group consisting of silica with a specific surface area of at |east 100
n2/ g, an apparent specific gravity of no greater than 50 g/l and a nean
primary particle size of no greater than 30 ran, a saturated pol yester
resin with a softening tenperature of 100C or bel ow and a nunber average
nol ecul ar wei ght of 1000- 50, 000, a poly-vinyl ether resin with a gl ass
transition point (Tg) of -30C or below, and a phenoxy resin with a
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photoreactive resin and at least one compound selected from the

group consisting of a photosetting initiator and a

photosensitizing agent, wherein the compound has a light

absorption maximum in a wavelength range of 300-450 nm.

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

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

In the above-mentioned photosetting conductive paste, it is
preferred that as the photosetting initiator or photosensitizing
agent is used at least one selected from the group consisting of
[4-methylphenylthiolphenyl] phenylmethanone, ethyl anthraquinone,
2,4-diethylthioxanthone, 2-chlorothioxanthone, 2-benzyl-2-
dimethylamino-1-(4-morpholinophenyl)-1l-butanone, 2,4-
trichloromethyl- (4'-methoxynaphthyl)-6-triazine, 2,4-

trichloromethyl- (4 '-nethoxystyryl)-6-triazine, isocamyl p-



preferably be at |east one selected fromthe group consisting of polyvinyl
et her and pol ybut adi ene. Furthernore, the conductive paste may contain a
vol atile solvent. A fourth aspect of the present invention is to provide a
conductive paste curing nethod characterized in that an wultraviolet
irradiation lanp with infrared ray emssion is used as a light source, and
a conductive paste is irradiated with light fromsaid |ight source for
curing. In the above nethod, the ultrayiolet irradiation |anp nmay
preferably be any one selected fromanong a netal halide |anp, a

hi gh- press lanp. In addition, a fifth aspect
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wi t h anakCachightnslowhee amrehrm, cctridelcanvenpasﬁe beiimraatiadedemid&hconpri si ng
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the mai n dntenna ne connection wt ne end of the main antenna
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In addition, a fifth aspect of the present invention is to
provide a method of forming an antenna for a radio frequency
identification medium provided with an IC chip and the antenna,
said method comprising.the steps of: printing a thermosetting
conductive paste in a pattern with a shape of the antenna on a
surface of a substrate on which the IC chip is mounted; and
irradiating the printed surface of the thermosetting conductive
paste with infrared rays to cure the thermosetting conductive
paste. Here, the infrared rays irradiated onto said printed
surface may preferably be near-infrared rays.

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

A seventh aspect of the present invention is to provide a -
method of forming an antenna for a radioc frequency identification

medium provided with an IC chip and the antenna, the antenna



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 nmaterial by
ultraviolet irradiation; formng the crossing wire section onto the cured
insulating material in connection with one end of the main antenna nenber
by printing wth any one of the above-nenti oned conductive paste; and
curing the conductive paste. An elghtg aspect of the present invention is
to provide a nethod of formng a nulti'-layered circuit for a radio
frequen nt|f | on_nedi um provided with an I C chi nd a nt enna,
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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 is to provide a
radio frequency identification medium characterized by having an
IC chip mounted on a multi-layered circuit formed using the
above-mentioned multi-layered circuit forming method.

A tenth aspect of the present invention is to provide a
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



of: formng a circuit on the substrate on which the ICchip is to be
situated, by printing with any one of the above-nentioned conductive
paste; curing the conductive paste; formng 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 IC chip on the substrate by printing with an insul ati ng adhesi ve

substance; placing the IC chip at the8 nount i ng position; and
t her no- conpr essi on bondi ng from above the I C chip for mounting. These and
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presentbynpeitfiongy with an 1nsulat1ng adhesive substance; placing the IC
chip at the mounting position; and thermo-compression bonding
from above the IC chip for mounting.
These and other objects. and advantages of the present
invention will beéome clear from the following description with

reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

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

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

to the present invention.



Fig. 10 is a cross-sectional illustration of a bent section of the antenna
formed according to the present invention. Figs. 11(A), 11(B), 11(C, 11(D
and 11(E) are illustrations of an exanple of mounting an I C chip according
to the present invention. Figs. 12(a), 12(B), 12(C), 12(D) and 12(E) are
illustrations of the nounting steps as viewed through a cross-section of
the IC chip nounting position by*the nmethod according to the present

i nvention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS <<Conducti ve
paste>> First enbodinent The first enbodinment of conductive paste according

to the invention is_a tosetting .conductive paste conprisi con uctlve
powder (Al) &h8Sa BABY ogﬁgtg%) S 5§|t11f’8% % prin 1%%5&?1??
conponepirintihg eonductive pavrkeraddinsiudatist paetera@éq{ for vige povvder.
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ta

conduct M7& ér o an silver, such as gold, platinum
pald adi um rEagi.uh és dheillketyatyidre ofd@ad exmleoﬁﬁu@m%tmmr (A)

used mb%iagbﬁe%heuxaeesr@h wg; He Pre@edil igyEREIGOWIErs Wi th different
properties including nean f ‘EIC e size, specific surface area ffalnd tdal

density, in Féfdef 115 a8t + L uRERRT AP é’(fnttlbﬁl apfHenpRi REYRY Rper
Pr ef er aklegolct)ing dendhit peesomdudvertipaader (Al -1) and (2) a 10 scaly (or

fl aky) condu%,'éll ve Pg\é\gﬁ{chl Z%ecatre u ed S, Ig% 13&589%?(51&9@@%”"5

According to AVENTTon Feno3h 1've powder (Al-1)
has a d@md:lemtnlacfshmpd gatepdinefty rd tpaeagnutndevenﬁimw forns), a nean

particle size;gf 1@ @3- & Qr —%é@f&’iaﬁ' qla%ftéaelaﬁeafoé Berbe S g and
a tap density of O.3- g/an and (2) the scaly conductive powder

(N 2) 18fs thesaptenpa ﬁpamd SMEREAINGden tHSr PEEPRDE| JRVRALHO®: 10.0 m a
specific surfrags. aneaAmt 01555,0Lnﬂh9 aﬂdna wag ldeBEIiybCElﬂuéhﬁhﬁhqﬂ§nB
The condycti ve gow?er ,g SE (é;ﬁa h\O(L a conbanatlgo fet e denéjl’l tic
conduct i eaﬂoﬁﬁ PR © Oléﬂ FHhET ff P fif:ﬁf%§ %o‘ﬁduct?ve p%?/vdeer} (Al -2)
in a weiigivention.
Figs. 1l2(a), 12(B), 12(Cc), 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 (B1l)
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 contrel the printing property.

Preferably (1) a dendritic conductive powder (Al-1) and (2) a



ratio of 60/40 - 95/5, constituting at |east 80% of the total conductive
powder. In order to inprove conpatibility with the organic conposition in
_ the paste containing the conductive powder (Al) and to inprove the

di spersability of the conductive powder in the paste, the conductive
powder is preferably subjected to surface treatnment either during the
production steps or after production of the conductive powder. The surface
treat ment agent used may be a surfactant or another organic conpound. The
photosetting resin conposition (Bl) cdfprises, as essential conponents,

(1) a photosetting initiator (Bl-1) that enerates free radical active
speci esserlyatdnrilakydt cpadyseévesPouden (Mg idTeadicad 61, 1%8d (2) a
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car bazol /phenone derivatives, and c |nat|og$ t hgreof , ~and referred
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pref er r%ﬁeg%lé%]%hfs)y tar1a°t°n¥rbelerllc e %ff r@ei% éri% Pﬁﬂg ceégl?iel%tglr‘l}eg b%k':’%ﬁ?% Q‘ﬁﬂ
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10- 2000an®ato (tpoicey the Wispepsebadity. of the conductive powder in the
paste, the conductive powder is preferably subjected to surface
treatment either during the production steps or after production
of the conductive powder. The surface treatment agent used may
be a surfactant or another organic compound.

The photosetting resin composition (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 (Bl-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 (B1l-1) used may be a publicly
known one; preferred initiators that generate free radical active
species are benzophenone derivatives, thioxanthone derivatives,
anthraquinone derivatives, trichloromethyltriazine derivatives,
acylphosphine oxide derivatives, a-hydroxyketone derivatives, o-
aminoketone derivatives, benzoin derivatives, benzylketal
derivatives, acridine derivatives, carbazol/phenone derivatives,
and combinations thereof, and preferred initiators that generate

cationic-active species are aromatic sulfonium salt compounds,



For control of the reactivity it is preferred to add a photosensitizing
agent, for exanple a phenothiazine derivative, a xanthone derivative, a

t hi oxant hone derivative, an am nobenzoic acid derivative, a polycyclic
aromati ¢ conmpound such as anthracene, phenanthrene or perylene, or a

conmbi nation thereof, or a reaction aid such as a hydroxy conpound, am no
compound or the like. Here, it is preferably added at 0.01-100%w th
respect to the weight of the photosetting initiator (Bl-1). The weight
rati o of the conductive powder (Al) an& the photosetting resin conposition
(Bl) is fé}f&@%@%vdél%é@sal%/c@m ofhd BE B R ik sS2hdRe o 90/ 10. So

| ong- a ot'osetti ng propertFes 0 hot osetting conductive paste
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urea Fe§téﬁhrébdj”ﬁ¥50&ﬁﬂMFﬁ sal(kpdisepi 48, 23S adinilcaided mpol yaskanteesi ns,
acrylic, resins, fur esi yrethane resi etc....and thernopplastic
resins SUER #4896 ot ql%h ene%'SCt ypr py Ehe? J] yspr#gﬁéngAB§°pre§|ns
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be used algqg i.n. conblna ions.of two or. nore
erlvatlve, a polycyclic aromatic comipound such as

anthracene, phenanthrene or perylene, or a combination thereof,
or a reaction aid such as a hydroxy compound, amino compound or
the like. Here, it is preferably added at 0.01-100% with respect
to the weight of the photosetting initiator (B1l-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 composition
(B1). '

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

be added to the photosetting conductive paste according to the



The sol vent (hereunder referred to as the solvent (D)) that can be added
to the photosetting conductive paste according to the first enbodi nent of
the invention may be a publicly known one. However, in order to avoid
residue in the systemafter the curing reaction, it preferably has a

boi ling point of no higher than 250C. Exanpl es include hydrocarbon

sol vents such as toluene, cyclohexane, nethyl cycl ohexane, n-hexane and
pent ane; al cohols such as isopropyl alxcohol and butyl al cohol; ketones
such as cycl ohexanone, nethyl ethyl ketone, nethyl isobutyl ketone,
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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. Examples include hydrocarbon solvents such as toluene,
cyclohexane, methylcyclohexane, n-hexane and pentane; alcoheols
such as isopropyl alcochol 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 napht hal ate and pol yallyl ate; and pol yi m des, pol yam des,

pol yet her am des, polyi m de am des, polyacetals, polyether sulfone,

pol yet her ether ketone, polysulfone, acrylonitrile-butadiene-styrene

copol ynmer, polyvinyl chloride, silicone rubber, natural rubber, synthetic
rubber, etc. For inproved processability of printing and fixability on the
surface of these substrates, it may be subjected to chem cal treatnent
such as coupling agent treatnent or pigner treatment, or to physical
treatment such as corona di scharge treatnment, plasma treatnent,

ultraviolet treatnment_ _or,.poljshing trea t | ih t h
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(r:ﬁ'r ?ﬁ;%%%%lgﬁtdeﬂtﬁﬁ@altbt Le8. p&oyaf Lyther; iamer pvediniaperties after
'polyamides, polyether amides, polyimide amides, polyacetals,
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 polishing treatment.

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

The light source for curing of the photosetting conductive

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



may al so be subjected to heat treatnent by oven heating, hot air blow ng,
infrared rays or mcrowave irradiation before the light irradiation, after
the light irradiation or simultaneously with the light irradiation, so

|l ong 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 tenperature is preferably no
hi gher than 150C, and the heating ti mi4i s preferably within 15 m nutes.
Exanples will now be provided to explain preparation of photosetting
conducti ve pastes according to the first enbodi nent nd their pattern
printind cS]‘r}'ot R AR %fﬂnggﬁa?i %hg‘iﬁp’fo 0 1%)rseetm%e;rr‘fg‘j&elor]TaEl five pastes
Exanpl essupeithi(gPr-qpasstiren mefccpnyt bamp 1 | epctaxidelesspddischengye 1ahp,
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| east 30é m .nuétfezlagﬁ%’rglc?%%?e?ﬁgérlgt u%e@p\/\hie)fe (.y)ﬁl oérk[Béd froml ight to obtain
uni f or m $BNEIAENHL HARSESet PEnFher L5ka- c FHFBSTRESHFI L & CUKY| daB®S| n

phot osetdidaonduadiive 1Rapkearboespbeii e Pidierrbd befabke df Exaspl e 1
234567289 N¥24%_100 100.- .- 100 100 10q)%90 100 M 360.- - %QO - - -
. maekptivelyydigh energy ppgEensity distribution }pE&ngvglgngt_ o

Tri azi nerdhge -of 3000-®0 nm.- - Triazine PM5 - - - - - 0.5 - - - KT046 - - -
4y DMBI 2 2

2 2 - 1 - - Ij“%p;ilr se-l:%)?t\n\feiogfhf)he[ &’%8?53%%%%?%;1%msiir?s]prﬁffisper oni x M 240
(pol yet higaste 4l Jo/GIn diansk poseeprefesabty oF lepst @Ps¥/ coik. TRE360: Aroni x
N?360 (tedmet i RiRANR @LiRvbe 8 r Oyh8eo s fifd s preferably 100-
{ 50,000 mJ/cm?, and more preferably 500-10,000 mJ/cm’ in a
wavelength range of 300-500 nm. For removal of the volatile
components during irradiation it is preferred to juxtapose air
release and elimination facilities. '
For further improved properties after curing, the substrate
may also be subjected to heat treatment by oven heating, hot air
blowing, infrared rays or microwave irradiation before the light
irradiation, after the light irradiation or simultaneously with
the light irradiation, so long as it does not cause any notable
deterioration such as coloration, heat shrinkage, softening,
brittleness or carbonization. To prevent deterioration of the
substrate the heating temperature is preferably no higher than
150°C, and the heating time is preferably within 15 minutes.
Examples will now be provided to explain preparation of
photosetting conductive pastes according to the first embodiment,

and their pattern printing and photosetting.

Preparation of photosetting conductive pastes

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

and stirred for at least 30 minutes at room temperature while

blocked from light to obtain uniform mixtures as photosetting

resin compositions to be included in photosetting conductive

pastes for the invention.



triacrylate), product of Toa Gosei, KK M 110: Aronix M 110 (p-cunyl phenol
et hyl ene oxi de-nodified acrylate), product of Toa Gosei, KK

[ Photoinitiators (Photosetting initiators)] BMS: Kayacure BMS

([ 4- net hyl phenyl t hi o) phenyl ] phenyl net hanone), product of N hon Kayaku,
KK., 2-EAQ Kayacure 2-EAQ (ethyl anthraquinone), product of N hon Kayaku,
KK., Triazine A° TRIAZINE B (2,4-trichl oronethyl-(41-nmet hoxynapht hyl) -
6-triazine), product of PANCH M SA, Triazine PMS: TRI AZI NE PV
(2,4-trichloronethyl-(4"- net hoxystyry11 -6-triazine), product of PANCH M
SA, KT046: ESACURE KTO 46 (m xture of 2,4,67trinmethyl benzoyl

di pheny[m?)rprhe oxide, oligo [2-hydroxy-2-nethyl-1-14-(1- nethyvlvinyl)
phenyl [[®t=gaee] and [nethy] benzdphanohe adefi vatilves, | prodyct 8of | Larbdrti

Co. , Luqq.rzgo TPG™ Tuqi oo Hod 4, 4-6-f r Le{ hyedgnaopl nbmhenybpmsqﬁﬂne
oxi de), brl pret—of—BASFCol= 1061 156 1P T yacurg 819 (s (|22 —
6-tri mdthy pn7n\/l \ rhenyl 1hncpPi ar-N aVVZ BF dducti—bef h '"a—Spe-;-l-aJ-t-y
Chermi cdiM@80 [ Phot osdnsit i ki my_dgemt ]| 298 kayacure bver (i soanll —
p- di met{leMsam nobenzodt ep, proedudt Bf | NiShop Kaygku— KK. |+ Tgble 2} Exanpl e
1011 185 TS 1O 1718 g5 00_TO0p 100 T00 J00—= - BS_Rp &Il | - -
- 100 - VR 5105 A—210 rere—H-ax-dge -
100 - [Emimmne B o= L mol sod = 108 e b = 3
3 3 1 |MBizine BMS |- 3 3|34 |9-eyahoant hraeene0~50 5— -] -— —-
phenantpm- — U.5F — -|- = ] phenptiagine -] -— 9. o1- F = -}- —
_ Lucirin TPO - — — — — - — | 2 -
' I-819 — — — — — - — — 2

DMBI 2 2 2 2 — — —_— — —

(parts by weight)

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

[Photoinitiators (Photosetting initiators)]
BMS: Kayacure BMS ([4-methylphenylthio)phenyl] phenylmethanone),
product of Nihon Kayaku, KK.,

L~

2-EAQ: Kavyacure 2-EAQ (ethyl anthraquinone), product of Nihon
Kayaku, KK.,

Triazine A: TRIAZINE B (2,4-trichloromethyl- (4'-methoxynaphthyl)-
6-triazine), product of PANCHIM SA,

Triazine PMS: TRIAZINE PMS (2,4-trichloromethyl-(4'-
methoxystyryl)-6-triazine), product of PANCHIM SA,

KT046: ESACURE KTO 46 (mixture of 2,4,6-trimethylbenzoyl
diphenylphosphine oxide, oligo [2-hydroxy-2-methyl-1-[4-(1- .
methylvinyl)phenyl] propane] and methylbenzophenone derivative}),
product of Lamberti Co.,

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



(parts by weight) [Photoreactive resins] KS-800: Adekaoptoner KS-800

(m xture of epoxy resin and aromatic sulfoniumsalt conpound), product of
Asahi Denka Kogyo, KK., KS-871: Adekaoptonmer KS-871 (m xture of epoxy
resin and aromatic sulfoniumsalt conmpound), product of Asahi Denka Kogyo,
KK., UVR-6105: CYRACURE UVR- 6105 (3, 4-epoxycycl ohexyl met hyl -3, 4-

epoxycycl ohexyl carboxyl ate), product of Union Carbide Co. Linobnene

di oxi de: Linonene di oxide (1-nethyl-4-(2-

met hyl oxi ranyl ) - 7- oxabicyclo[4 1, O]heﬂtane) product of EIf Atochem Co.,

W100: R karesin W100 (1, hexaned| ol diglycid et_her ro . of

Shi nni h&n8 ¥ kaIr%Gur%(@ég )&9@5(@ A«BrT Efé‘“%’fmh%‘%?é‘t) ﬁé‘FﬁgtlﬁgﬁﬁPHéPﬁyl ]
benzeneyxidy Pdedd it T c@peeispekkalt Phohemivdl atcar s ( Phot osetti ng

initi atg ﬁ)nl SP— 170 Adekg)ﬁpt mer SP-170 (aromatic sul fonium salt

conpoun 5’ nka Kogyo, KK., 17 CP-66: Adekaoptone CP-66
(aromat DMBBUI Kmmsd)MBchms@amﬂ., p—pimeltﬂu_:ylajtiimnzoae:ﬁka KoggoctKKE
Exanpl e %g 519a %*I%I ons A, B, C and D as conductive powder were

obt ai ne ‘SiTvest E-20 and Silvest TCG 7 silver powders, both by
TokurukuET@bh%e%ﬂ KK at 80/20 (wt/wt), 90/10 (wt/wt), - 85/15 (w/wt) and
75/ 25 ([Wfadhple Corrp03| tiof Eowpsiobfaizel 13 24 ng 15 ljvas JE-120 wieh

Si | vest I TVer po T100/ | 0o’ 1100 Haooeh, KN, —_Aat| /=of T @8 T ).

The res & 44 ' ——pearptes—t **01 et et :

conducf@  {ferepr Solvenik n | B roporti

wei ght )] @rRw#LASY Tabl es 3|and 4 usi hg-a | stirfer, hRBOthen dubjedt ed tlo

hl gh- she_a,{m&{giﬁmd]g,x\mdeh a k.neide.t, to pbtaiph phot osetjt1og |conductive

past es. T photosettr con _. E-e—_past TS T T bgu' CO_THRY bilcg_tb by

SCr een nrln Lng anto Q"h':f"al.e< Ln 1 n \mirch y .m- 1\ 00 terndwith

a scred®®@P ate having a 180 mesh—andl caphbte | — — — — | 15
SP-170 — — — — — 3 3 3 | 1
CP-66 — — — — — 3 3 3 1
9-cyanoanthracene — 0.5 — -— — — — — —
phenanthrene —_ — 0.5 — -_ — —_ — —
phenothiazine —_ _ - 0.5 — — — — | -

(parts by weight)

[Photoreactive resins]
KS-800: Adekaoptomer KS-800 (mixture of epoxy resin and aromatic
sulfonium salt compound), product of Asahi Denka Kogyo, KK.,
KS-871: Adekaoptomer KS-871 (mixture of epoxy resin and aromatic
sulfonium salt compound), product of Asahi Denka Kogyo, KK.,
UVR-6105: CYRACURE UVR-6105 (3,4-epoxycyclohexylmethyl-3,4-
epoxycyclohexyl carboxylate),'product of Union Carbide Co.

. Limonene dioxide: Limonene dioxide (l-methyl-4-(2-
methyloxiranyl)-7-oxabicyclo[4,1,0]heptane), product of E1lf
Atochem Co.,

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

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

[Photoinitiators (Photosetting ipitiators)]

SP-170: Adekaoptomer SP-170 (aromatic sulfonium sait compound) ,
product of Asahi DenkalKogyo, KK.,



of printing in a thickness of 15 um The printing thickness of the printed
| ayer was about 15 um The paper used as the substrate was NPI-55 by Ni ppon
Seishi, KK. The polyethylene terephthalate filmused was Lumira S, by
Toray, KK. The curing reaction was carried out by irradiation for 6

seconds in a conveyor-type irradi ati on apparatus, using as the |[|ight
source a high-pressure nercury lanp with an output of 4 kw at 80 w cmfor
Exanpl es 19-31, and a netal halide lagp with an output of 4 kw at 80 w cm
for Exanples 32-50. Under these conditions, the cunulative |ight amount in

a wavel eng range of 300-5 m COorrespo t.0_a n2 for the
hi gh- pﬁgéé%r nﬁagﬁ—gnggﬁgﬁ? %5862%%>€%§1%%#Etéggggggé?halide

| anp. Fefodur: extaysadd DeakacKpbpyedkKol vents, the pattern-printed
substrate was irradiated with light after being allowed to stand for 5
mnutes in a draft oven at 100C. 18 No notable deterioration such as
colora@ExnmPIﬁﬁulﬁﬁﬁq nkage, softening, brittleness or carbonization was
Lound :n anye [%;Al%llcfﬂéb%r@éeé Ha&dp J@ﬁ&&&d&qerer %wabanﬁerwashdeterm ngd
y applying, a VO e and measugin esi.s c ween_t two ends
of "t he ORfA1RGH B M IA% SidVethel séb %%% i%i; k@%’ﬁe ﬁﬁsftEPWmﬁfg
measur esbtin Bhersans kintoateas #oyeat 2T ebul/ws)ar 80¢hOwiwkriwtTabl es 3

Pt osc 11y ERUAIE b SJgooghtsae 22 24 25 20 2T B H Eamle 2 - - -

40 - - - - -Composn.thmrﬁ)@@st p@ﬁagﬁpby;\ ng:.x:.ng Silvggt. E-20 with

Exanplesflvest “TCG- 1‘@%f¥%r powdér by Toﬁﬁfqﬁﬂfhéiten; KK, at 75425- - - - -

Eianple - Exanple 7 - - 45 20 - -
anple(ﬂﬁ/Wt) - - - - - - - -45 - Eample 9 - - - - - - - - - - - - 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 knéader,
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 prinfing in a thickness of 15 pm. Thé 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/cm for Examples 19-31, and a metal halide lamp with an
output of 4 kw at 80 w/cm for Examples 32-50. Under these
conditions, the cumulative light amount in a wavelength range of
300-500 nm corresponds to about 2500 mJ/cm? for the high-pressure
mercury lamp and about 5000 mJ/cm? for the metal halide lamp.

For the examples that employed solvents, the pattern-printed
substrate was irradiated with light after being allowed to stand

for 5 minutes in a draft oven at 100°C.



Conductive Conposition A65 70 - - - - 70 - - - 70 - - pomder Cbnp05|t|on B
- - 65 60 60 60 - 55 55 55 - 55 55 Solvent |sophorone - - -

- - carbitol - 2----2---2- - acetate butyl - 3 - - - -3 - - -3
- - cellosolve cellosolve - 5 - - - - 5- - - 5 - - acetate Surface paper
substrte 150 112 127 100 186 167 95 156 119 110 75 137 123 resistance nQ
/sq. PET substrate 180 133 - - - 191 132 - - - 190 - - M)/ sg. Remarks: The

| i ght source used was an 80 Wcm hi gh-prgessure nercury lanmp (with ozone).
19 [Table 4(1/1)] Exanple 32 33 34 3536 37 38 39 40 41 42 43

PhOtOSGttlng ﬁk ”Q{;bff’é%%é¥%6¥%ti% 4gug8 g% égaoratlon, h%%%nsﬁ§ggﬂg8ell i

Exanple Saftenlng, brlttleness o¢5car§pampa91Qﬂlwas found in any of- the45

Exanpl e %ébstrates Gséd: - - - - - Exanple 16 - - - - - - - - - - - -
Exampl e anple 18 -
Conduct i ve Cbﬁb%s$?¥€ﬁpﬁ\¥ﬁﬁlstan¢e wag detepmined by ﬁﬂﬂkﬁﬁngCGnSGS|tlon B -
60 - - -voltage-and x@&m%ir{d Q:fhecres:Ls@ane between the two @@@ROSIt k8 D -
Isoﬁhoroﬁ@ttern after ceg{gh (éﬁe suégﬁﬁﬁt6?51stance he glnaétgi agrgogggP;te
butyl - measured-iB the same -magwleross| above). The results are shown in
Tables 3 and 4.
[Table 3]
Exaxple 19 | 20 J 21 | 22 | 23 | 24 [ 25 | 26 | 27 | 28 | 29 [ 30 | 31
. Photosetting | Example 1 35 20 35 - - - p - - - -~ - —
(‘,_ :esm L. Example 2 — — - 40 — -1 - - - — —_ -
cnpositicn Example 3 - —_ - - 40 - - s - - —_ — -
Example 4 - - - - - 40 20 —_ - - jus - -
Example S - - - ~ - - - 45 - —_ - - -
Exampleé - - - - - —_ — — 45 —_ — —- —
Example 7 P e By ot Divn B e B D b R EET N BN B
Example 8 - - — - — - — - —_ - — 45 —
Example 9 - - - — — - - — —_ — — — 45
Canductive Composition A ?5—f_70 - - - - 70 — - - 70 — —_
powder Composition B -~ ~ [ 65 [ 60| 60]60)] — |65 (|55]865] —~ {551] 55
Solvent Isophorone - ~ - - - - - - - —_ -
carbitol - 2 — — — 2 —_ - 2 — —
acetate
butyl - 3 - - - - 3 — - - 3 — -
cellosolve
cellosolve — 5 - - -— - 5 — - _ 5 — —
acetate
Surface paper substrte 150 | 112 | 127 {100 | 186 [ 167 | 65 | 156 | 119 | 110 | 75 | 137 | 123
resistance mid /sq.
FET substrate 180133 — | = | — (91132 = | = | =16 = | =
nl /sq.

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



cellosolve - - - - - 55 - - - - - acetate Surface paper substrate 73 105

81 103 86 55 49 40 81 80 129 80
95 90 1 11 168 152 -
50 Photosetting Exanmple 10 - - -
conp05|t|on Example 12 - - - - - -
- Exanple 15 40 - -

165 - -

- 40 -

125 nR /sq.

resi stance nJ /sq. PET substrate 130 190

Exanmple 18 - - - - -

70 70 60 60 powder Cbnp05|t|on B -

 ormost téi’“bPe Al

ceIIoso
57 res
Renar ks
ozone).

(2/2)

Exanple 13 - - - - - - -

Exanple 16 -

Exanpl e 44 45 46 47 48 49
resin Exanple 11 - - - -

Exanple 14 - -
Exanpl e 17

35 40 20 20 - -
ﬁ% Conductive Conposition A - 65 60

= conposition C -
Sol vent

conp05|t|on E 60 - - -

-_d

ceta

Ll

A I

Isophorone
cellqg

0| ve

'i

cofilgELtion g
20 [Effq

~
o‘c
.

B

J.24
LJ

35

1

—
T

Jo__l. L)

fa

L

A
PP

A~

L4
2

e

57

=

J

=

1P

Y
U

Conductive

Composition A

powder

Composition B

Composition C

Composition D

Composition E

Solvent

Isophorone

caxrbitol
acetate

butyl
cellosolve

cellosolve
acetate

Surface
resistance

paper substrate
md /sq.

73

105

81

103

86

55

49

40

81

80

129

80

PET substrate
mQ /sqg.

130

190

165

95

90

101

168

152

125

(2/2)

Example

Fhotosetting

Example 10

resin

Example 11

composition

| Example

12

Example 13

Exanmple 14

Example 15

Example 16

Example 17

Example 18

Conductive

Composition A

powdexr

Composition B

Composition C

Composition D

Composition E

Solvent

Isophorone

carbitol
acetate

butyl
cellosolve

cellosolve
acetate

Surface
resistance

paper substrate
nf} /sq.

46

55

32

29

PET substrate
ml /sq.

131

103

107

95

90

183

143

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



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 formconductive patterns with a
surface resistance of 200 ne/sq. or less primarily by photosetting al one.
Furthernore, because light irradiation can shorten the process by the
order of a few seconds to a few m nutes, superior mass-productivity and

| ower cost is possible. Second enbodi pent The second enbodi nent of
conductive paste according to the invention conprises at |east one type of
processability of printing/bending ability inprover (F2) as an essenti al
conponeﬁﬁf ecile second enbodi nent of conducti ve paste according to the
invention i adusfamplye ahehdhoestiomgtloareust inpe nggdt orctherising a
conductive omder p o] a

pr ocess%’tf?tf J‘ngof )r‘l”rthll%grf/ gﬁdlﬁﬁéltl %éﬁa&ﬂ rft%(r}gggrﬁahlté%ﬂvggg %gggﬁtl al
corrponemﬂs:emd tte let@lSG§étlpgn§Yc6%LE1ﬂQFe ardst @ndt KBUg ohBUREFIBES powder

(A2) a:#g]o %W%ﬂr&/%Jn@%b‘ﬁlQ@”PQﬁtéi‘&n WiR?) aUseerEBY¥ rBeibsbensansfones
mentio or the conductive p éé%ﬁ and hotg;ettlng

Commosi 20GMHRG. Rciaed aBBFeLy Th "% E50E - pr FHEERGFBRRR ng
abi | i t ypé &aisy eri fH2)i r sl alt@ odncanOsigennt en suHes tpaweeswi by ahkaogdespetific

surface area, appatr. nt sRe iC ze, or a
pol ymer®c (ﬁﬁﬁf%éﬁf]é) assg%%ans |on]%3%%% %QEP F%%F# aﬁ!tihere nay
be nentl@meﬁ cgsy ﬁapo§§hh1@h a specific surface area of at Ieast 100 n2/ g,
an apparent specific gravity of no greater than 50 g/1 and a mean primary
article size of no greater than 30 nm (for exanple, AERCSIL 200CF, 300CF,
product 8e@Pnqi RPHEIFE |, KK ), (ii) Saturated polyester resins with a
sof t eni ng t erperHé¢ord eﬁbdﬂﬂﬁ§nmrobebﬁudﬁﬂmhv% mw@ma’aamemdgagnbbethéar

ht of 1000- 50, 000, VL on. 500 T
gg;gkf Eﬂﬁ??t c?*ﬁﬁ5éﬁﬁﬂiﬁn % e?ﬂ y{on %%SSBEQQE%& gE 10Y°

SI ns [Ffass“transition
poi nt (ﬁg;noingam@dmmd)@lbaw:(tﬁronmexanpre(Fz_)utatmaaln m@enmg,l prodepest - of

BASF CbTﬂe second embodiment of conductive paste according to the
invention is preferably a photosetting conductive paste
comprising a conductive powder (A2), a photosetting resin
composition (B2) and a processability of printing/bending ability
impro?er (F2) as essential components.

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

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

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

(1i) 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.),



(i1v) 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, 4010P, products of Yuka Shel
Epoxy, KK.). These contribute to inproved processability of printing and
bending ability by pseudo-crosslinking due to cohesive power or a pennate
structure in the case of (i), by increasing the total viscosity of-the ink
and lowering the Tg of the filmin the.,case. of (ii) and (iii), and by
substanti al polynerization due to terminal crosslinking in the case of

(iv). These may. e or in.conmbinations of different t The
rati o of thepﬁag liﬁ %qiit? GeERTARB oY /é%aﬁs YRES PR R é&PSht of
t he photDgetef rrgm‘tﬁslcrr wmsl(tfpmneﬁmplandl-mttmalprl\@(ﬂesmt&,I pirpdoftts

printin #bﬁi%#rggﬁ?bl|lty i mprover (F2) is preferably 50/50 - 95/5, and
nore preferably /45 - 90/10. Wth this range, the weight ratio of the

phot oset t i ng(¥&si Fhenstipoxiingn (CBEpranagt ke Prigremeganioy Pplymers

printingd pepdi nﬂroﬁmiéﬁﬁéﬂdm% geuﬁﬁa) ah@ éﬁf&r@f&mwrllln? wit® & and nore
referabI%53/1 - 80/1. Also, so Qg as the curabilit t he Q ductlve
odi

paste 3RtbFRARMR YRR R ot & REnbighex netqm d i &
i npai r etdp10 het@EL 0By greoduddad ofo Yiuke shalllicEpasey paH.g .any publlcly known

corrpone_nts S Cél ea‘scosrlnl_I autealthum naroxrpeg th:Cc?‘ésbo 1&%\%erof P@'l%@nts agye-s’
pol yneri zat i ernlna ors ners IXO ropl c "agent's Susgen 1'ng

agents, ban@iwlmﬂtsty dmpmes@msrosnsésnhsng oturartic oediegdivies pamert ke Ri ke.
The resb@nw@é devudaaddsd dhe Tcia%eceﬁd'elﬁl iy pﬁﬁi&asa%@ort@ﬂen&otcalt he

§econd enbodi ment of the invention may be an ubllcky nown one.
exanpl e¥l§‘lﬁ%?3et¥ra‘§/f etk Gmeld lPH8§éngr therTe Pt Fhrofitie e dbs Eé)se The
sol vent of hat i neande( aidided adrl uolyesubsduﬁtwla elSines rizeadioti dget @ot he second

enbodlnggt gf hgrlgy nt.i.on be A" ng%CI known Qne.
Fovever PR B bt o B Y 2B afe FR%S RE DB et eo BELRR
react|0ﬂlon¢ @WEiEHQﬁN@Aﬁ&ﬁJQme@Eldm@fepenhttxﬁesu) hi gher than 250C. As
exanpl es t hefge MBYL 8 ofiHd QREYnENBEeLhE! EbiRkE R Yorlds r@9)HNt6Dine
total weight of the photosetting resin composition (B2) and the
processability of printing/bending ability improver (F2) is
preferably 50/50 - 95/5, and more preferably 55/45 - 90/10. With
this range, the weight ratio of the photosetting resin '
composition (B2) and the processability of printing/bending
ability improver (F2) is preferably 1/1 - 99/1, and more
preferably 3/1 - 80/1.

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

The resin that may be added to the conductive paste
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



The total of these additives is preferably no greater than 35%w th
respect to the total weight of the conductive powder (A2), the

phot osetting resin conposition (B2) and the processability of
printing/bending ability inprover (F2). The nethod of preparing the
conductive paste according to the second enbodi nent of the invention is
the sane as described above. The viscosity of the conductive paste
according to the second enbodi nent of,the invention is"preferably from
1000 to 1,000, 000 nPas (cpoise) in oraer to provide appropriate

processablll .Of n Kﬂ%§ t i IS nore
b of or 201 BYACE 5500 9880, JBERE S, N The candict | o e i
accordltnptsysﬂﬁalgéﬁ@ﬁdténbsérhﬁﬁtre%ﬂt¥QRa|¥ﬁv@ﬁﬁ¢8ﬁapéyu§§ﬂ L JolBoV R ot

patter}é%é%e% FH;L'nge'rnghanOQBé% prwtémpqresataublalﬁay keown net hod
usi ng coater, the “su strate useﬁ@{ the exanpl es nentioned

f or thénefsftﬂﬁ’cetdat"ém(slf_’) rggerEedThe orfe n(1D|)ig a pattern on the
substrate usimyg tdial Q&ndmebevedpasieeﬁcrxnphaﬁyrablyhaosgceaﬂeenbbdhnent of

the 3(’)% th 5 ”gé’stpect Qf ;%hg‘ %éo%% % © ARSGELRGD BORYE: The

light s cure ng con uctlve paste “according to
the sectAr) EMMlHMO&ﬂth rﬁvénw@mp%ytla:lrsd%é agfetB® those referred

to above. , Rxml s &y Ids !gﬁ\&!nfe_e.n?ﬁﬁahdfﬁgtém%ﬂgauﬁp%eear akd pn of
conductlve pastes accor in e second ment, and th gattern

printing andtiphdresdha |Qﬁ;PrEPéﬁﬁP€s B - @ BT PEFITG PE%PH %Bﬁp 8itions
and pr0€E§S§%&dﬂd)émﬁodﬂmanmtbﬁgthendnﬂgnﬁibd|i$/ﬁhﬁpsamerasm&eecfnbed m xed

n the ratios i t Ilst ed f at | east
}30 m ok ¥ at #}gor?ﬁsc%é'r at %rttle 1‘%‘%]1& tyfar om %Bgﬁ?&%%&ogt %e
un|fornsamqmdwthOdNM§nIn@dé§b&ryanntsgmLR$(ﬁfaﬁ§§a@dwrﬁéGmOQPOBytOheat|ng
After 1esqenldsh 3’@%1 dn Wl%et)olhoeghéfnf)@rﬁwﬁle bRerophoheset ting

|n|t|ator was ad the m xture was stirred t unitormty, silver powder

was mi xeECESEFaN HHY Pk RAintieg, aQﬁdenﬂV%ﬁlEﬂﬁﬁﬁanEeégFﬁﬁ RESRELRTT ed out
with a kpepslafot® pidfdrablgh@romelldi 000 condAN,i00® p@at-es according to the

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

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

Examples will now be provided to explain preparation of
conductive pastes according to the second 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



These photosetting. conductive. pastes were used for screen printing onto
substrates in a 1l mwidth x 1 mlength pattern wth a screen plate having
a 180 nmesh and capable of printing in a thickness of 15 pm The thickness
of the printed |layer was about 15 rim The paper used as the substrate was
NPI - 55 by Ni ppon Seishi, KK. The polyethylene terephthalate fil mused
wasLumra S, by Toray, KK. The curing reaction was carried out by 5 tines'
irradiation wth a conveyor-type irr??iation apparatus at 7 mmn, using a
160 Wcm netal halide Ianp under condltions of 1100 mNWcn2 (neasured: by

UVR- T35, oduct, f Top No not ri.or
col orat‘ﬁ"d‘r{ O Je-*&H, ﬁkag %‘f%ﬁw f)ér%‘lststoﬁ%%gsg "6'Fggc§r %#Qa?lﬁ%nb
f ound iheaariygof mﬁeersmbstoaneg eschl . niftairey thacoome tEypanstunas UBEern1ned

by neaiﬂ¥ﬁ£%eEQ§aPr§ﬁE%E§E £ DELVS %ﬁ%#f“%ﬂe f§@g§e°ﬁaEhEtFeLé&f Jafter

curing resurts are s own in e processabiTity of printing
was gen%mkﬂqQWh§Valﬁ&ﬂ@ﬁrb§§ééerdﬁa$rW@%ﬁﬂe&hﬁreﬂpébeldrép§ﬁ%§re¥tnénﬂlne

pi tch, Hl%@f—%‘i'iéfé'rbkhbfa}rﬂa.nge{aﬁs, caﬁﬂlm%@ﬁaﬁled as khehdervebyoBeQEn 0 = good,
_ problenatl at abl e. The ben bility.test was carrled out
st hg PR o GPPEAF CARE RIS i T P v lOY. 28 EPenhYRPERSRt about 20

cnk2 for neammmeWQMbtase25€ngbyondm¢nn&d¢msUemvwbwengseﬁofdrngcreaard

whi |l e adhered a p Lp o] ngs ¢- pf oad and
St andi 1 T %0 b5 Soubotplear B 4ot i AR K04, ol RERKLATEAEEe chO%H
secondgvirtdney isegeehe Plose hﬁdlégamdﬂ&Q)mQﬁh BOg ﬁdpébﬁﬁa§ﬁrEﬁEﬂFlég %he

resi st gNGe, i\ alnd@s LR 16€5H. t STHET Eh2dkndP 0TS 0d By ig¥abuahy 88 wasesi stance
val ue change of +5%or less as (c), over +5% and +10% or |ess as 0, over

(+109% arfPoAMOHKS OM®:| ess as A and over +20% or breakage as X. [Table 5]
Exanpl e 51 ThebpapérSaskl 5% bBe SQuldk sl 6 a3 NPSHS5BebyENPOpSR S615R1 52 52

52 52 %&(SZTQ% %%1?%tﬁ§1e88“98£e3§§%a1£€% fki %s%é %gsléu&§r&3s}3b§3 13 13
Toray, KK.

The curing reaction was carried out by 5 times' irradiation
with a conveyor-type irradiation apparatus at 7 m/min, using a
160 W/cm metal halide lamp under conditions of 1100 mW/cm®
{measured by UVR~T35, product of Topcon, KK.).

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

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

The processability of printing was generally evaluated based
on ink spread, plate dropouts, fine line pitch, reproducibility,
etc., and designated as © = very good, O = good, A =
problematic or X = uncoatable.

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

— measurement of the resistance wvalue. The results were



Phot oreaot- |inonene 34 29 30 30 30 - - - - 8.5 7.5 - ive resin dioxide

UVR-6105 - - - - 3430 - - - - - - KS800-------3430-- - -

BED- 60E - - - - - - - -255225--XO- - - - - - - - - - -3430

Phot oset ti - SP—170 0.35 0.30 0.35 0.35 0.350.350.35 - - 0.350.350.35

0.35 ng CP-66 0.35 0.30 0.35 0.35 0.35 0.350.35 - - 0.350.350.350.35

initiator prooessabi- Aerosil 1 1- - -1-1-1-1- lity of 2000E

prlntlng/b Vylcn 500 5 - - - 555 5,4ending Lutonal ability M40 - - - 5 -
- - nprover Epi kote - - - - 5 4010P processabillty of 0 OO0

0000000 u . bstsa 9 49
56 43 FRTES Y4? “‘?Efi 2 2 %e?fgﬁf’%fer vIZ Enan gsgﬁgg%oéglﬁsél 90’
95 101 aﬂsl@lZBvéSO%%OaﬁaSﬂQ%r@lsqIG)SSBGWdlChg oeat G0 Grol G20%095 0 0 0 0 0

[ Sil ver Opvel! Y884 ty ¢ Tokuriki Honten, KK,
TCG 7: ves% A?Cga OVr oduct O% %%url Hont en, KK. [Photoreacti ve
resi ns] [T@]SDCW Adekaopt oner _KS- 800 (i xture of _epoxy

resin_and aronatic
sul fcmame Sal T conndubd shrlodudt 5hil Asagnss eskd B \/ﬁ; KO 1 Sinp6p1hchs
RIEzAs (4 22 doasfosnilope d eed, pe il ez 4 52 do z ) 52 | 52
CYRA( owder \ TCG=7_ 131P; l MEE nT 4 LAY 1. 13 1Y V13 3. 3JT 13 13
car bC Io‘;éaguh gttt ef—ohion ot e ey dr g S rrorefTe
di oxi b idayike 4-( 34 |B% Hy PO PaAVES -7 oxabi dva dt 2.1 12 07T henthne) |
pr odd ct of EI PR-68850 dhem |Ca- -1 = - ] 34 ] 30 ] — - - - - -
KS-800 - - — — — - | - 34 30 - - - -
BEO-60E — —_ - - - — —_ - — 25.5 | 22.5 — —
XDO - - — - - - - - - - - 34 30
Photosetti-~ SP-170 0.35 ] 0.30 ] 0.35] 0.35 | 0.35 | 0.35 ] 0.35 — - 0.35 | 0.35 ]| 0.35 0.35
) ng CP-66 —_ —
{ initiator 0.35 § 0.30] 0.351 0.35] 0.35] 0.35 ] 0.35 0.35 § 0.35 § 0.35 0.35
processabi~ | Aerosil _ - _ — - - —
lity of 200CF 1 1 1 1 1 1
printing/b~ [ Vylon 500 — — 5 — - — 5 - 5 — 5 — 5
ending
ability gﬁmm' - - - 5 - - - - - - - - -
TIPEOVEE  I'Epikote — 1 _ — _ 5 _ _ _ _ _ _ _ _
4010p
processability of ol ole|lole|o|l]o|l]o|l]o]l]o]l]o]o]|o
printing
Surface Papexr :
resistance substrate 48 49 49 56 43 48 50 52 51 47 31 79 78
(m@/sq.)
PET
substrate 82 - 90 102 111 81 90" 95 101 112 122 130 140 133
(mQ2/sq.) . ]
Bending test © © o 0 © © @) @ [¢) [e) O ) o)

[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[4,1,0lheptane), product of Elf
Atochem Co.,
BEO-60E: Rikaresin BEO-60E (ethylene oxide-modified bisphenol A
epoxy), product of Shinnihon Rika, KK.,
XDO: XDO (1,4-bis[3-ethyl-3-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), 25 product of Toa
Gosei, KK. [Photosetting initiators] SP-170: Adekaoptoner SP-170 (aromatic
sul fonium salt conpound), product of Asahi Denka Kogyo, KK., CP-66:
Adekaopt one CP-66 (aromatic sul foniumsalt conpound), product of Asahi
Denka Kogyo, KK. [Processability of pr2i5nti ng/ bending ability inprovers]
Aerosil 200CF: Silica Aerosil 200CF, product of Nihon Aerosil, KK, VWylon

500 (specific surface area: 0 nR2/g, apparent specific gravity: 30 g/l,
pri nmar )P’:rﬂé{al‘}?tpé’r’{i % Ggols?é':’ %g'nrr): Pol yester VWl on 500 (softening
t enper afrhictoseditny i0Gtimderived average nol ecul ar wei ght: 5000- 25, 000),

productg0f; -koy o RASEI - sp-£9HoNakoV40ic RAlIRGNYIm ¥BURY bofbBEBRA) Yt ONal
\%2X0) (gl%l'gs)sl%dr)'a%‘él tl ?ﬁ?oﬁdgﬁnts? ELL4E53C)r(‘,g!:§r odu%t of BASF Co., Egi ote zbloP:
Epoxy Bpiddiet 406 drsahsioDeadnfog¥ppelfture: 135C), product of Yuka Shell

Epoxy, &K ¢&0madialdpteoneX@prlses (ArbmPhot 0sel #ddigme @aduc tbompopad) gs wer e

prepared in the same, .manner gs Exanples 51-63 with the conpositions (parts
by ‘wei gPEgIUGT s?éd*ﬁ%l%“g‘%%ogﬁa’wié% were eval uated after printing and

curi ng. [RPbocdSsdiicl 3]y Cdhpariating/bradphe dbilliz v iZpgoveirsyer E-20 52 56 52
52 52 5 GG T 43 L4 1 Phot s Jd maReReadso391- - 8. 75
22 ot Rer Ot Aodiad Bigdentabiotdi thadce, ARG, Je WIRBACAZRoIRY, - O 7S
- - - 2K25 - 70JD- - - - - 35

Vylon 500 (specific Surface.area: 200 m®/g, apparent specific
gravity: 30 g/l, primary mean particle size: 12 nm): Polyester
Vylon 500 (softening temperature: -20 to 10°C, number average
molecular weight: 5000-25,000), product of Toyo Boseki, KK.,
Lutonal M40: Polyvinyl methyl ether Lutonal M40 (glass transition
point: -49°C), product of BASF Co.,

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

Comparative Examples 1-6

Photosetting conductive pastes were prepared in the same
manner as Examples 51-63 with the compositions (parts by weight)
listed in Table 6, and these were evaluated after printing and

curing.



Phot ose- SP-170 0.35 0.30 0.35 - 0.35 0.35 tting CP-66 0.35 0.30 0.35 -

0.35 0.35 initiat or processability of AO O OO A printing Surface

Paper 55 45 57 70 31 79 resista- substrate rice (-Q/sq.) PET 107 99 131

134 130 391 substrate (nm(] /sq. ) Bending test X X X X A X A conparison of

Table 5 and Table 6 shows that the pastes of Exanples 51 to 63 were nore

sati sfactory than those of Conparative Exanples 1 to 6. [Effect] The

phot osetti ng conductive pastes accord%ﬁg to the second enbodi nent of the

i nvention have the nmerit of rapid curfng by 1light irradiation, coupled

W th vastlﬁf%nﬁroved processability of printing and bendi ng resi stance of
T

t he ph g conductive pastes hey can also be applied to circuit
f or mat|iCepparaiveExampley v 1\/\/1;'11 \r‘l':g‘:\ ,:%32 2{ Lg;n Irr 55_2 to plasti c and paper
subst L8 wWEire—thi-ekhefspi{5gspas—tess—whmrdby such circuit

f or mat|iERstere ke U ' praqrEes gnd—pgper substrates is

t her ejyctfiwci | ¢ibxidecd t Thd thidd enfdodi nrent of conducti ve
past e |d&¢0r A1 ¢t a-pHotBsdiitnd conductive paste
conprijsing ap a—eqrphRdt+em{of silver powder, a
phot orleacti v oseft+ragtrrEtat or (B3-1) or

phot oSegattt¥ aHTobesgosEsEt i on maxi num 27 in a

wavel dngid r = tesaebasgt h region of 270 to 700

b 31354 . v
nm Irwgﬁﬁ%':ase, the silyer p¢wder |may Qe a rfi xturle of two or nore
di f f erjerHscTmIEgTes O [ OTA T§T Rt [TYDEY TaCijuoAng nEar] particle
printing
, Surface Paper 55 45 57 70 31 79
i resista~ | substrate
' nce (mQ/sq.)
PET 107 99 131 134 130 391
substrate
(mfd /sq.)
Bending test x X X X A x

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

[Effect]

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

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

substrates is thereby facilitated.

Third embodiment

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

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



size, specific surface area and tap density, in order to satisfactorily
control the printing property. In order to inprove conpatibility wth the
organi c conposition 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. The surface treatnent agent used may be a
publicly known one. The photoreactive,{esin (B3-2) is a reactive resin that
has a functional group reacting\Mtr?the generated free radical active
species or cationic active species,ssnd t her ned. t Sane

conpouABsanEaYe beReth st & Rte S 054 SPh B p‘ﬁbﬁbﬂgg@bﬁe'feavre geltnlf?%(the?)rl% A

greateefggeoagg nolorben. of aeactive groups per nolecule is better for rapid
curing, but_an_excessive eqree of L.yt u [ LRE s in
consi der abl &2 EBFF ng@ 2Rt im%gsel Tt p%?’%é%clg%v\?él]?\%dng{s in e{ rﬂ?(%@tselgf film
and t hetef dlEéfanenppeowdemi tofofdififeaeotarret Unpiding amqane Hagticle

preferred Igpgg¥5§95§ur & é?@é?a%?f%%?eaén§Y9ﬁ§_£ﬁ dier Rt oreactive

resins na?’b used_rn adm xture. The total viscosity of the photoreactive
resin EBZizfapsorplyf eprbrgl 0 @F RP4E89( BFOPEYY at B5C] orfer to
?Ear antiﬁﬁroge?a%mpgg%%iﬂ%wewﬁtiﬂ Ve REYEALCcasompéei pidmtimgpr gpertd es of

e paste, bu - as, (cpoi s I s.more_preferre cC ' t.q this
enmbodi r?éntt,heapﬁﬁg‘ﬁﬁs%’(‘?i hg ’r'ﬁﬁ’{)‘?vae[ g%le( SPgy s%r’l%h%’f oésjféntéﬁ 3{20?“’5%% aglglnt
(;33382) Uzgopaedev\hth{a basdac tightpowstesomalyi ba salkj ected ta sisfddngt h range
0 - W . WAV, Qﬂ&@ regqi.an T0et j
reflecff?ﬁf%ggf e%?h%ér&F§1¥?Sﬁg§ on Hgggbgli?é%% ?ﬂéggﬁggﬁggﬁ¥g%?§n?1986
(edi ti owf thigr pewASrKK. The ywpieracs |txea tienshagAn hsueshiTAY iBfy 21 refl ectivity

of 20%Ri1liewer kabwd08n820 nm (see Fig. 1). Silver absorbs light in this
wavel engt h range causing%an ener gy nsf.er _t hat ggn

---------.- Thegphokereachive - el cg%#gguﬁgtﬁnﬁgg? Theee T @Rk s

_ _ [hce The ener gy
cont ri hutegictisnb@sgrohanrédet empngit!t vhe geoerated hbreg |vatidalsel f, the

exci tat] gn RNeEdLiEanReCL Rl YO h I Wapkaness hiNchéSitma AROT PLI ON nOt
only at =328 nm But  even T owar fhe.l n%

mentioned the same compounds mentioned as examples for the
photoreactive resin (Bl-2). A greater average number of reactive
groups per molecule is better for rapid curing, but an excessive
degree of polyfunctional properties results in considerable

curing shrinkage that produces wrinkles in the coated film, and
therefore an upper limit of an average of 4 per molecule is
preferred. 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 guarantee
kneading with the silver powder and the printing properties of
the paste, but 10-2000 mPa‘*s (cpoise) is more preferred.

According to this embodiment, a photosetting initiator (B3-
1) or photosensitizing agent (B3-3) is used which has a light
absorption maximum in a wavelength range of 300-450 nm, within
the wavelength region of 270 to 700 nm. The reflectivity of
silver is listed on page 511 of the Physics Table (1986 edition,
Maruzen, KK.), where silver is shown as exhibiting a reflectivity
of 20% or lower at 300-320 nm (see Fig. 1). Silver absorbs light

in this wavelength range, causing an energy transfer that can



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 fromthis absorption
wavel engt h, however, the energy transfer rate is undesirably |ower, and
thus even toward the |ong wavel ength end it is preferably no higher than
450 nm The photosetting initiator (B3-1) or photosensitizing agent (B3-3)
used according to the third enbodi ma% of the invention nmay be a publicly
known one. As exanples there may be rqtloned t he photosetting initiators,
[ 4- (et hyl phenyl t hi o) phenyl henyl net hagone (f,0r r.e BMS
trade n B /¥ Qc%zﬁffﬁﬁl SR&.S?aéﬁg?)rpt %)rhcena%(r}erme% S%r?r%l-é%xgﬁll&ﬁ%
ant hr aqus nDées Ha ﬂ)earqriee:,gwaylatueECQt@Qchet rsdideverarid sefl i &S Kayaku,
KK. absor ption 2 t AN e k= exanpl e,
Kayacur &%& trad‘:xrsa’ynarn:g1 %fe %Lﬁg é Mé@, sgilglt?ll C%E\lfg%rt;am mum 385
nm-, 2- cmsormmmmmmﬂe( (@fto308x 3AP| Bm lm;/a%‘{ﬁre @mrd tthedd°®&me of Ni hon
Kayaku, % ¢ @f@lréﬁd(ﬂ1ﬂﬂ@9éﬁﬁﬂe 33515§)an21n1t1at0r or sensitizer

| e

benzyl - am no- | - (.4- nor hoI 1- but anqQne (for exanpl e,
I rgacur@e?,%@ngt DR SRRE-Heng %ﬁ){?%%ﬁﬁ cHn gcgt% 2t ¥8Sor pti on

maxi rrum;oﬁaﬂdaf@d &shdvarmalg@romusebhyhued' of ne¢filceg/miapghtand pleckdingzibye (for

exanpl e e 1 Xiggem 380

nm , w 0, Be F%%hl ord ’?oq“ tﬁ‘%@eap% § %&?t aZi ﬁ{e(:'“%fq’gr@exarrpl e,

TR AZI N tmmfemaweteofmbmgﬁrswsh Yab%‘iﬁ‘“ﬁyt |€6H1 fsmeves EovaRd etc.

and they,phobRseRSte 1At agRNtS ilsS gﬂar&)b%'rﬁ?é hyA @1 r ez @stoe o .or

e;xarrpl e, Kayacure DMBI, trade namne o Nﬁgo é’w KK., absorgpt i on

maxi mum 3157 R Phoke 34 ey AR GEPEn ¢ f)mﬁr'}/ S1tAZININAICHT ¢t hese

may al SQBbe3 ysasled nadd ot dires uzuf tﬂmothrirdnembodirxtmnabsﬁ)rtha amvespdimum

wavel en an be e SI olela) M R}é gLQ Vi I@ﬁé]yé % %el ln%(t; Qr pt i on
R PurEEly s hBYed s T

spectro Egp con I’O the reacC reaction ai as a
29 hydmbgyphonpwnulm i i toorep o UA d (myhnlB@elbiélMd’helwlﬂhat case, it

i S pref heﬁ&xm@gﬂsﬁow m@r@m%&f Qagécagg%ﬂﬂthtrafc%sﬁﬁﬁde toF Nidoei ght
of the E otosetting 1nitiator ghot osensi tfrZI n %ent %83 3). The
wei ght &VPBuofKFhe apsRt W%‘H‘ tﬁé FBt or @HbY § \Athraguinoe

(for example, Kayacure 2-EAQ, trade name of Nihon Kayaku, KK.,
absorption maximum: 325 nm), 2,4-diethylthioxanthone (for example,
Kayacure DETX-S, trade name of Nihon Kayaku, KK., absorption
maximum: 385 nm), 2-chlorothioxanthone (for example, Kayacure CTX,
trade name of Nihon Kayaku, KK., absorption maximum: 385 nm), 2-
benzyl-2-dimethylamino~1-(4-morpholinophenyl)-1-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 PANCHIM SA, absorption maximum: 375 nm), etc., and the
photosensitizing agents, isoamyl p-dimethylaminobenzoate (for
example, Kayacure DMBI, trade name of Nihon Kayaku, KK.,
absorption maximum: 315 nm), perylene (absorption maximum: 430
nm}, etc. Any of these 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 (B3-2) 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 known conponents
such as silica, alumna, mca, carbon powder, pignments, dyes,

pol ynerization term nators, thickeners, thixotropic agents, suspending
agents, antioxidants, dispersants, resins, organic solvents and the |iKke.
These are preferably added in a total gmount of no nmore than 50% with
respect to the total weight of the S|Fver powder and the photoreactive

resin f%§?2Q§¥ éﬁy&ﬁﬂd th& ggycgg 8o 401 qup e gngaﬁgave Egs%gegf t he

i nvent exanpl es theré ma
nentlon@ibQJujseJﬁeﬁnﬁxﬁﬁtadeféﬁd?ﬂelme%nrﬁﬂqgnt Pﬁeosgﬂv§99%tﬁathnay be

added t g, &6 cqndygld Ve%l%%t %fOEhéhﬁowy@d&Ix@n imayiakse l@gaam¥t gyblicly

known one.” However, in order to avoid residue in the systemaitter the
curi ng PREATHIS it izindergeall yBRas) a boiling point of no hi gher than 250C.
As exanpl esrHd & giy gk iREBE enedsih«a@e ;fcﬁfd@xf Q@dt @htophbbereastive{ (D)

.. The visgcos f .the hoto et |ve cord

third eﬁﬁ%ﬁ?n@%¥:§flfh§ |ﬂ935?%8ﬁ ?s %re era b@ron11§g?gerTQ880£@6%8nPas
in order QiViM(nndkaﬂﬂmpﬂgﬁﬁaablpr6@é§@ab|30ﬁ¥ﬁ .of printing and enough
thickness a{{&f RAd NidiPa Itth'eseg?égtpéffﬂ{@g.r%efnrtg@hlggonge 300 9004 MPas.

Wien the photosetting conductive paste according t hird enbodi hent
of the PRRAEHtTBH B agsed P@bﬂéFﬁYakb%WQGEQWﬁﬂﬁe r E8FBpRAFNEE RS2 0f f set

pri nti ngl@tiiga,pubild )ca&mmpﬁﬁﬂbﬁﬂ plﬁq:ﬁhglt:-ﬁ, Q@%Tsel’pollk}ﬂeﬁhjbatiaﬁe used may
be any of the exanpl e substrate | i ght

one% 0 e. Th
oy Doy e Ree o RoibeEr oy e qusProd LB e itz or di no
to the aitiekisldyodi netitspefrsengs, |neenmscnpnuapu@esphgesaﬁeaaé théelike.to

above. {xaipl £% gﬁﬂéfe'l%‘ﬂl aBERY! fd t@o@a(lplaf?rhorﬁnm %&aBQL{SBgeOQhan 50%

photosettlng conducti ve pastes accor d ing to the third I ment and
t heir FW} | FRPRARE ﬁﬁbﬁggeﬁppﬁé weight of the silver powder and the

photoreactive resin (B3-2).

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

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

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

When the photosetting conductive paste according to the
third embodiment of the invention is used to form a pattern by
screen printing, offset printing or a publicly known method 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



Preparation of photosetting conductive pastes (silver coatings) Exanples
64- 75 Phot osetting conductive pastes according to the.invention were
obtained by m xing the conpositions (parts by weight) showmm in Table 7 and
stirring themw th a kneader, and then honogenizing themwith a triple
rol]. These photosetting conductive pastes were used to nmake sheets by
screen printing onto substrates in a1l nmwdth x 1 mlength pattern wth
a screen plate having a 180 mesh and ggapable of printing in a thickness
of 15 pm The thickness of the printed | ayer was about 15 pm The paper

used as% %ﬁhé%%@%ﬂﬁgfléMg%éwDQiﬁé RY - %LQD@Hlf&”éﬂBodldgﬁt be tpel yet hyl ene

t er epht | m used was Lum.ra by Toray, KK. The curing
react i ohnViRRtieR mMay Rautthsy Sl""F“teaéFa’!ffegf'ﬁri?\ﬁ"q1 Ht& ak{ﬂYﬁveyor type irradiation

appar at u? L@ki&ﬁb?&s twhier 1 lxgimt b%owifﬁelaedht@fbxﬁfleﬁﬁuliﬂeﬁﬁfxﬁlﬂlwd aHEp ¥M t hkan
out put o a _neta W th.an au t._of .4 kw
at .-80 wWPR ?rjf°sf%1¥‘btf]eng7 cs‘?fb‘ﬁds t-t]'ﬁ’ee Paaﬁfseﬁg?aﬂ:/é% i reélef tthrl%l’l ﬁ%géﬁﬁ‘eflﬁé
post - cuandgtlsenf gueipeing landapieéssetBing| Tabl e 7] Exanple 64 65 66 67 68
69 70 71 72 73 74 75 Resin M 240 50 50 - - 50 50 50 50 50 - - 50 M 360 -
- 40 - - - - - M408 - - - 40 - - - - KS-800 - -
- - 40 Prepq;@@gggﬁpf phatasetting conducggve Qqqﬁﬂ@edéllver coatlngs) - -

20-d|§%5ﬂ1§1é§1|g4.a758U825-22-------25 tor2EAQ 2.5 - - -

- - - - [1azln - ri
25 - - - . Pht ?ééggéiq conductlve Eastes accorq§ﬂg1f %%e 1nvent1fn

1- 369 -were ebtained -byl 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 (PET) film used was Lumira S,
by Toray, KK.

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



sp-170 - - - - - - - - - -0.6 - CP-66 - - - - - - - - - 0.6 Sensit-

perylene - - -- - - - -0.20.2 - ageng DMBI 110808--11---1
agent Silver E—20 37.5 37.5 45 45 37.5 37.5 37.5 37.5 37.5 45 45 - powder
G12 - - - - - - - 37.5 TCG1 12.5 12.5 15 15 12.5 12.5 12.5 12.5

12.5 15 15 125L|ght source Hg HQ HQ Hg Hg HQ Hg Hg Hg UH MH Hg Curing
(n3/cm 1000 1500 1500 500 1000 500 1000 1500 500 1000 500 250 energy

(Paper substrate) (mJ/om) 1000 1500 0 500 500 1000 1000 1500 500 1000
500 250 (PET substrate) Pencil hardness HHHHHHHHHHHH (JIS
K5400) ’ &ghot oreactive resins] M 240: Aronix M 240 (poI yet hyI ene gl ycol

di acr ¢ Aloduct _of Toa se| KK 360 Aronix
(tri mpEdsseia j?_r apane et hgg pn%__‘ [T —F-;%a:r;‘;l Msz\ _;33? JI’J]_(j\, % Toa
Gosei |*RR %gg——A«FGF N4 pr-oppe— et e Tyt e T
produgt of |Hea—Coset—HKKTS TR S0P XN XT U e= o[ EppXy
resinjand aFgagstc—sqttonram Profiuct| of ps@anf Depka Kogyo,
KK., 1UVR- 6 fside YRACPRE YVR-QIUS [T 3, §- eppxycycropexy|methyt-B.24-1 —
epoxyg¢ycl ohfXinedsal DORYATE), [PFOquUet To+ Unt-op €af brdp €of —L| MSngne
di oxi de._Li fkiesfe di (1dethil =410 2. Lani-hyl-old-rapyH—7—pxabfened 0 [ 4,
1, 0] |iEPtabBE —produsi—diEhi—sd—Afechemcp—iPhotprorfat
. EAQ . . — 2, — = —L AY n1Trarprs -
( Phot gset t i hg—-atHatqr-sH—BMy—Kgyactre B H—rethytphEnytfhcopoenyl |
phenyllmet hafetr=mpr-qductof N =< .k - B-EA - Rpyacpre f- EAQD
(et hyl} ant hfgggasTrome) [ Prqauct of [NEnYn— fayaku;: K&, | - — — =
CTX — - — —_ - — - 1 - - — -
I-369 — — — — - — — - 1 — — —
Ssp-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 45 -
powder G-12 — — — —_ —_ - - - - - - 37.5 |
TCG-1 12.5 ] 12.5 15 15 12.5 } 12.5 § 12.5] 12.5 | 12.5 15 15 12.5
Light source Hg Hg Hg Hg Hg Hg Hg Hg Hg MH MH Hg
Curing (mJ‘/;n’)E 1000 | 1500 | 1500 500 | 1000 | 500 1000 § 1500 500 | 1000 | 500 250
energy (Paper
substrate)
(mJ/cmr) 1000 | 1500 500 500 500 1000 | 1000 | 1500 500 1000 500 250
(pET
substrate)
Pencil hardness H H H H H H H H H H H H
(JIS K5400)

[Photoreactive resins]

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

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

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

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-3,64-
epoxycyclohexyl carboxylate), product of Union Carbide Co.
Limonene dioxide: Limonene dioxide (l-methyl-4-(2-

methyloxiranyl)-7-oxabicyclo[4,1,0]lheptane), product of Elf



Triazine AA TRIAZINE B (2, 4-trichloronethyl-(4'-nmethoxynaphthyl)-
6-triazine), product of PANCHI M SA, Triazine PVM5: TRI AZI NE PMS
(2,4-trichloronethyl-(4"- methoxystyryl)-6-triazine), product of PANCH M
SA, DETX-S: Kayacure DETX-S (2, 4-di ethylthioxanthone), product of N hon
Kayaku, KK., CTX: Kayacure CTX (2-chl orothi oxanthone), product of N hon
Kayaku, KK., 1-369: Irgacure 369 (2-benzyl-2-dinmethylam no-I|-(4-

nor phol i nophenyl ) -1 - but anone) , product3 of Ciba Specialty Chem cal Co.,
SP-170: Adekaoptoner SP-170 (aromatic gul fonium salt compound), product of
Asahi Denka Kogyo, KK., CP-66: Adekaoptone CP-66 (aromatic sul fonium salt
corrpourfh")“ Dt ct of Asahi Denka Kogyo, KK. [Photosensitizing agent]
DMVBI :  Kpslegtis i iBNBIt drss d@impit opedic g hyhdiatodyenzZioat €), product of N hon

Kayaku, r
on on. B FalidciBle B YR ke 1 pRbif EEh frpHon ) My e ARG /15
productpmd\il'@kmﬂ mlhqahtf"@r}’akl’l@l( KKELi ght sources] Hg: High-pressure rrercury

| anp wijbhggo K ditle 3-F3Q WeeRy1MihthBiqhidvid)de draice bE fikenout put at
80 Mcn%{ﬁmrl\ékﬁ%ergey] I\/b?s\tljvreegyum ng a %I\l/l PQ/\E)% gum gy EIT R

I nst r un®Y 3t oK Equi pment Co., U.S., at the light irradiation energy

requir eric{9Zind e CIRIAAINE IBrn(1204bermohlbmkeﬁHﬁe (@rdrkithed yorpb thigd ) -
substrate_33 _in.a wave 220-390 nm Conpar ati ve Exanpl es
7-11 These® b%r]énec)dm?ar éiulc\r}g le%xélﬁ‘ﬁges e 1oy| ng photosetting initiators or
phot oseﬁslazmmgi’l‘aﬁg:em&fmm rFMSalﬁgaﬂpFFbﬁhlmls@mﬁﬁth‘rﬂt e wavel engt h range

o:‘ 508 &Q%% ﬂ_tglqzr\/ﬁ\éelln%rygt ?roaggtoaf opantibw @3 ,nm  The conpositions
_ Ste BETXa': Kayacéﬂéfaé) -S (% 4- dlethylthloxanthone), product of
Nihon Kayaku, KK., _
CTX: Kayacure CTX (2-chlorothioxanthone), product of Nihon Kayaku,
KK.,
I-369: Irgacure 369 (2-benzyl-2-dimethylamino-1-(4-
morpholinophenyl)-1-butanone), product of Ciba Specialty Chemical
Co.,
SP-170: Adekaoptomer SP-170 (aromatic sulfonium salt compound),
product of Asahi Denka Kogyo, KK.,
CP-66: Adekaoptone CP-66 (aromatic sulfonium salt compound),
product of Asahi Denka Kogyo, KK.
[Photosensitizing agent]
DMBI: Kayacure DMBI (isocamyl 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-1l: Silvest TCG-1l, product of Tokuriki Honten, KK.
[Light sources]
Hg: High-pressure mercury lamp with 4 kw output at 80 w/cm
MH: Metal halide lamp with 4 kw output at 80 w/cm
[Curing energy]
Measured using a UV POWER PUCK by EIT Instrumentation
Equipment Co., U.S., at the light irradiation energy required for

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



m xed to obtain pastes in the same manner as Exanples 64-75, and were used
for screen printing onto the sane type of substrate. The sane apparatus of
Exanpl es 64-75 was used for the photosetting reaction. Table 8 shows the
i ght energy required for curing and the post-curing surface penci
hardness. None of these were tack- free, and neasurenent of the penci

har dness was not possi ble. The absorption naxi mum for the benzophenone
initiator used here was 255 rm [Table 8] Conparative Exanple 7 8 9 10 11

Resin M 240 50 50 40 - - KS-Bm - - -380 - UWR6105 - - - - 40 Initiator
benzophenone 2.5 2.5 2.5 - - - - 0.6 CP-66 - - - - 0.6 Silver
E-20 374 a V@B’eé-?nfgt%raﬁaﬁd@rf @323903?“5 - - - TCG1 12.5 12.5 15 12.5 15

Li ght source Hg Hg Hg WH MH Curing (m 7/cnR) (Paper >5000 >5000 >5000
>5000 >5000 energy, substra e?‘ (mJ/cm=) (PET >5000 >5000 >5000 >5000 >5000
subst r AWBRGFIY %j & uxni easur- unmeasur- uNNEAsUr- UNNEASUT -
unmeasur- KeHi¥e atire sbimpazbkeévabéramples qniEflioydnp pbebedéhging t he

present, Irhtgrogw %Q;Ih%'t%‘égn’g?e! inb!a éntiso%stlhbln% ssssygelsﬁ%aﬂgﬁuwth

silver Jar’sl ers Irra one, whereas thernosetting has
been neteste wakygeleméhprﬂfuaageamf 3We4§9éﬁ‘ﬁﬁ§f¥thlﬂ B8 BRVELGRFER ten
m ni t es, it of AVIRr708t nkQOC or above required for thernosetting pastes

ff?agfatfoﬁrﬂﬁgﬁg¥%ﬂﬁ%gggﬁ%g gs%Ld 1Le¥$§ﬁ§%P%%a&%sabgew%g&ﬂg}e%ePX i ght

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

The absorption maximum for the benzophenone initiator used

here was 255 nm.

[Table 8]
Comparative Example 7 ] 9 10 11
Resin M-240 50 50 40 - —_
KS-800 — - —_ 50 —
UVR-6105 - - . - - 40
Initiator benzophenone 2.5 2.5 2.5 — —
SP-170 - - — - 0.6
CP-66 - — — —_ 0.6
{ Silver E-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 {mJ/cm®) (Paper >5000 >5000 >5000 >5000 >$000
- enexgy substrate)
(mJ/cm®) (PET >5000 >5000 >5000 >5000 >5000
substrate )
Pencil hardness(JIS ur i | ur i~ unmeasur-] unmeasur-| unmeasur-
K5400) able able able able able
[Effect]

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

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



The conductive pastes descri bed above are photosetting types, but other
solvent-dried types (or solvent-evaporated types) may also be used as
conductive pastes instead of those nmentioned above, to obtain antennas for
radio frequency identification nmedium Specifically, the fourth enbodi nent
of a conductive .paste according to the invention is a conductive paste
containing 0.2-5 w% of an adhesive resin with a glass transition point
(Tg) of OCor belowin ternms of solig,weight. This conductive paste can be
used to obtain conductive paste filns that are resistant to bending while
mai ntai_ni ng th want.ag r | LSt e
eXthltkﬁF%%f %oﬂ@gn? egagg?g%e§9€&£rééjéék3t g?ﬁ%f?gglggmgﬁfiﬁiagagnto

easi | y sHyertbaiside toulsber arderanf a rSRCENASh&C &r ES¥oRRRTHRE PYI HEIPE The
sol vent drj £ %h fQpductive paste conprises 0.2-5 wt% and preferably 1-2

wt % of ‘an adhesive resin which is at |east one selected from anong
potyvinyl ether resins, polybutadiene resins, acrylic resins, epoxy resins
and ur giiait reaoasmand has a glass transition point (Tg) of OC or bel ow,
added to a onmbn nductlv LN i n | ue
and provi ﬁﬁpﬁfeévﬁeﬁalﬁesrég?%f%%%gq%ga o?%gn ég%lgg?2$§gdeg%¥ﬁe5|ve
resins bumaqnhqnnsqﬂveawhdrlﬁésFMBeanﬂomxﬁqﬁﬁﬂniﬁe§ﬁ§°rﬁé§ﬁnEYPV%bnmﬁnded in

a smal |, DU v ddi BARSRIUELEGS! Pak OUETSndiiBd BrashobeanEhtionea0i Nt (T0)
of the %lnder and 1nhibits i1ts cracking. The ad eS|ve resin _conponent al so
has an aidet t6f obbailmt anLtEREAEJARRS| BT FHRIUSHICYert ﬁBﬁﬂg?caE§% when

added lzﬁb&luxﬁnﬁ@pe&mm&hllw tae ﬂblﬁhtlofexﬁldmimtﬂmsmtear esnducbrmenent is

gdded (10 mﬂ@bor re reS|st nce value | f.
i's al sPFHPo 1["(9) & e18 FBW 78st %t ar‘fcoen \E/éél:llt‘f\gI H’ onl cb{}ﬁgfﬁgﬁ%y ve
resin ie. :usfedn% dmearblamﬁhersa.wenpeaentvri%tﬂl ofglss conagdtion PﬁkntTKlEG)

eval uat aCVb f§&hb ncal Laboratories, KK,
TS5202 %Pq%anéi |nzgk%§%% Cgk e el Toyo Boseki

KK
conductlve i Thkdss QﬁﬂﬂQQ}HMﬁlyﬂﬁﬁ?lcéFh%? ﬁﬁﬂ??ﬁ&ﬁ&dFQHQuSFlV?oﬁ?it?o 2
W% in terms ©fatsdidd AMRiIiGhantoto BehdONG WHidie naddithiadngandeneasuring t he

fllnlstr ghtaékxﬂu¥ é%ort curing times and low resistance exhibited by
solvent-evaporated types, for formation of antennas onto easily
bendable substrates and substrates that are sometimes folded.

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

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

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



resi st ance test) and surface resistance after curing. The results are
shown in Table 9. In the table, A100 represents polyvinyl ethyl ether and
MAO represents polyvinyl nmethyl ether, and the percentage val ues indicate
the wt% of addition in terms ~. of solid weight. For the bending
resi stance test, an approximtely 1-kg netal cylinder was rolled back and
forth once on the inwardly folded conductive paste filmafter which the
netal cylinder was rolled back and f h once after outward folding; this
cycle was counted as one tinme, and the bendi ng resistance was thereby
confirnmed. Tabl(?ug‘% ‘?urf ce re5| stance Bendi ng Reaction (ma cml)
resi st afice conple |on (150t 30mn.) (mn.) (1501) Asahi Chem cal
not added 201‘116 2&va oy et dra%cs enp30yedoadS2BM ry sredh 12 Sherd4adCM MA0 (1%
25 5 O LAB0aE5 IO, (2% 2ok By ARSI PALYON AdhENC AR BrgbITBLe 25
(1% Tanaka not added I nagku A100 (1% or. nore 20 S5202
Toyo Bo%ekP BetekbddiKad@st cmdudmyf Aﬁbﬁr(alq%l% PS’]dﬁ’eree‘Z@erl\/EGd( 199 35
5 or m)f)Sl?]QutM:Detﬁé%t 3rdm ar veorewz® La seﬁﬁls |0 Uil Yeigtdi,t oen of
pol yvi nyl et her_.and butadleeat fro to %| of solid
heioht HAEEOURGRTTS BRI S8 PP Bt b S RmeSt SkarA Rinen
pol yvi nyésmhemcevalseafd)demd G ux flalger rmsestange cztﬁmhrctquremgnk Thiee film -
strengt tﬂp.lr stgance,val Ue. el e%% Mol
[ Effec tF é{é]%%vaéﬁg 1t or errea%ts"‘l oned cgngucthe past e, 3’5 X %ltlon of
polyvinyl ethyl ether and M40 represents polyv1nyl methyl ether,
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 outward folding; this cycle was counted

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

[Table 9]
Surface resistance Bending Reaction
(nQ - cm™) resistance test completion time
(150C30min.) (min.)
. {150C)
Asahi Chemical not added 20 1 25
Laboratories AL100 (1%) 26 5 or more 25
LS415C M0 (L%) 25 5 or more 25
MA0.  (2%) 28 5 or more 25
Polybutadiene 28 5 or more 25
(1%:)
Tanaka not added 18 1 20
Kikinzoku AL00 (1%) 24 5 or more 20
TS5202
Toyo Boseki not added 30 1 20
DW351 A100 (1%) 36 5 or more 20
M40 (1%) 35 5 or more 20
M40 (2%) 39 S 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]




an adhesive resin at 0.2-5 wt%in ternms of solid weight allows inprovenent
inthe lower filmstrength that has been a drawback of sol vent-dried
conductive inks, while nmaintaining the low resistance and short curing
times characteristic of solvent-dried conductive inks. <<Conductive paste
curing method>> The present inventors focused on the fact that nore
infrared rays .are irradiated by ultraviolet irradiation |anps used for
curing of ultraviolet curing resins thagn by infrared irradiation |anps,
and that the energy absorption by conductive pastes reaches to the
ultraviolet ray area. The present invention therefore proposes,a

conduct i ve pvgl%%/ké R iarﬁj”ﬁfé“[)%%&ogﬁgr GRPAVFLRE BT HHal LRSS Féﬁ't"t§8ﬂr L s
an ul trani adieésive arksin @t [0agpSwwth innteamsedfr aoldei weightt eldowe t he
conductive paste by..irradiating..w t j f IS li.gh The

ul travi 6?%%8‘(?’%%%'?&? o{n][1 &?ro%}egsgé%sggkéegﬁ%h‘{h%?o&% geber?gygbéggglggc}c
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emtted fromthe djscharge tube’is conposed of 14.6% of ultraviolet rays,

11.73% ofoRfeFHiee 1Rkt rays, 45.5%of infrared rays and 28.7%of heat or
the like. Excluding the ultraviolet ray portion and visible Iight ray

portion 4% of _the input ener of . the light source is converted to heat.
The san§<¥‘§n%lf‘%%l‘6? B&hoch ﬁ%ﬁﬁ?%ﬁ%gﬂgﬁ?e also ultraviolet irradiation
| anps. For cDhnparrsoent hialvegdersedociaéd asrdtlia faditatthart amps infigared

| rradi at g, pegrs | NrAfefd %Y Wikkhteol bt ATPRId Jiod hals LbEadigLi on.
onsequently, high output |anps have a maxinum 1 nput of 1 to 2 KW which
i's an i ApEingforIpavidd atecting gaAsins | Erp Y dndrasefedpsnddatédonn

i nfrar edatyps pddrad | e tefdH iRy yohbs 868t iéN Bhe didietikangastis maxi mum
class of ultraviolet irradiation Iamé)s are 280 W% agd th%.i nfrared
rradi aFPERRST TRr i WO AP G 2R o RBBRut TGRS SR FOHEH CABBve.
However therefisre epreopdsamma hensthandpei pésté curputg perthodi theeagthritbé
infraregnr@ﬂa£r£ﬁ@“f§éﬁ¥1éé%f%%oﬁg Bﬂjﬁftfgggofgttﬂy%adiation lamp with
infrared ray emission to cure the conductive paste by irradiating
with light from this light source.

The ultraviolet irradiation lamp used as the light source
may be a high-pressure mercury lamp or a metal halide lamp.

Because these use a mercury vapor discharge tube for the
ultraviolet rays, the light energy emitted from the discharge
tube is composed of 14.6% of ultraviolet rays, 11.3% of 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



af orenenti oned hal ogen near-infrared | anps. Fromthis standpoint,
therefore, the conductive paste can be efficiently dried and cured by
providing heat. Fig. 2 shows the absorption of a conductive paste in

di fferent wavel ength regions in conparison to a free sheet. As clearly
shown here, the absorption of the conductive paste also reaches into the
ultraviolet region. Thus, it becones possible to utilize for heating
virtually all of the light energy fromthe energy irradiated as |light by
an ultraviolet irradiation Ianp (the portion mnus the 28.7% heat). For

t he ”?aé’téﬁ!éé'ﬂeﬁ dgdx%ﬁéloébsf S eq%@ﬁ%_ﬁ%@'ﬁﬁ%;&b 15%}%%@'00”
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U- 3500 §H§E££Q@hﬁéﬁr@éfédfﬂldfpal%u%%%@t twde tHa¢ &4 69id On density. The
surface resistance value of the conductlve aste after curing was neasured

wi th an*fRFPEFREIPREAHIILT INeRF —d8ErREed| S soUF R did shisGangpoint,
ul travi eheteforagdi elié aondmriae pPastel cghtbsoef£icidritdy Arskanandhe change

in surf v I es with respect to power consunption per unit
ar ea. Agﬁfe‘s&eé* élg ldm %%*3 a conparison of the power consunption per

unit area cBhfi r?rsshm Wﬁar@k@cmpghom e€sareomivaiive [pagte snused for
curing, dh?f&‘@én@oﬁé\r@i&&tﬁl q@yl%\ﬁ% %f L6k mg@h%lw apffr.terées Qpduchis

paste with | ower power consunp tion than near- infrare Irra atIOI’l
| anp i scheaal YTﬁlé°"§‘§/n‘b%‘Tes/ d'é\f;edalbﬁoﬂfﬁélﬁpaﬁﬁ the ecrdyiivenaste: a@§|°ng an
i nfrar edehtnasi ﬁﬁt@ntﬂamt(mﬂdﬂrertoa&glgﬁnvemms, t Pk IdsX prsiuil e

000 W 0 H66bL 40 £ BBt VaRE et iarat | o T 'ar%%f?meoo’z fng

speed) eénerdlihgragiated @ad dlight bwadnaul‘ona‘lrmmeq ciondidiiadrion Tasipi ba UV
i rradi at(tﬁg %ﬁ%rﬂ)/s }q,%hlzlgaﬂ%l %ggl%} MB40OL/ A | anp, 38 240 Wcm
min ca

out put , cm irradi ation t ance rrying speed) 0 : Using an
ul travi oI et TPFERAUNASYHRAY COFRAILLPrBhs: thoshiem shoet aeisorhappar at us

by Toshnbastibecipidn ,sBHIQL Al @8BRductive paste used was LS-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 ultraviolet irradiation lamp as the
light source. Fig. 3 shows the change in surface resistance
values with respect to power consumption per unit area. As is
clear from Fig. 3, a comparison of the power consumption per-unit
area confirms that when a high-pressure mercury lamp is used for
curing, it was possible to achieve efficient curing of the
conductive paste with lower power conasumption 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)

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



280 Wcmoutput, 7 cmirradiation distance, 12 mimn carrying speed)
[Effect] It is possible to cure the conductive paste in a shorter tine
than those in case of curing by heat drying furnaces or infrared
irradiation which are commonly enployed in the prior art. <<Method of
form ng antenna for radi o frequency identification nedium>> First

enbodi nrent The foll ow ng expl anati on concerns a first enbodi ment of a

met hod of formng an antenna for a radjp frequency identification medium
by which a conductive paste is used to formthe antenna according to the

' ”Ve”t' 290 ﬁ?&ﬁrgu%%ut% 0§ Niys SIRAGLARAL,. afs & 12 LY i c’l.i'%téyl g for

anple, s e o print an antenna-shaped pattern nosetti ng
conductﬁpee@hste on a prescribed | ocation of a substrate on which an IC

chip 'Sdmunrt} thg Al erltﬂra‘v'lto'l@g abfadw@{&psl% rxg;oaaa@%hgvewegﬁagron the

substrate | t e antenna shape, ernte side is exposed tO Infrared

rays, pP¥f éFéﬁﬂi&ath%%raH’Rﬁ’?airUeﬁ brYaf;FQs tBachitetthe Kher OLi/dy 1@8®duct i ve

paste. 280 wateneacpst f Muserd drvdiatibhedssbshcat el Dyn/fdim RGARE ng
thernnsettlgg conductive paste. An antenna-form ng test was carried out by
i rradi atPon of infrared rays onto a thernosetting conductive paste. The
eval uat ilBAfecthdard, type of conductive paste and type of infrared |ight

source were gg iglﬂ;&y@mi@vtaé Akl aBHa6ENs W e qpradlg?ltaS\o%rpaste was

cured under the conditions recommen e manuf act urer
nmi nut esFilRetBan{ BRese iy @shad F&F&égmﬁg Betutd i ngy I race sy €4 st ance

val ue ofin2paed9irfadi &t vk Qfrel cBHBh TV her@dtb ednilrengieh pridid art.
therefore curing was considered conpl ete when a resistance value of 25

mQ sq. was obtained by infrared irradiation. (Type of conductive paste) A
415CM by<Mebhod GhEnfeahingrortanoa dor KidianfirequdpA383dentifijcialtioa Kasei
were usgdqifRaugbly the sane results were obtained

First 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 fo 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/sqg. (a resistance value of 25 Q



with both. (Type of light source) Near-infrared irradiation |anmp
(Q R1OOV- 1000WD by Ushio Denki) Far-infrared irradiation |anp
(Q R1LOOV- 1000YD by Ushi o Denki) The distance fromthe |ight sour
conductive paste was 20 cm (Test
resi stance values (units: mYsq.) are shown below in Table 10.
Near-infrared Far-infrared irradiation
exposure 42 - 8 seas exposure 33 -

10 seas exposure 26 -

ce to the

results) The results for the surface

[ Tabl e 10]

irradiation |anmp lanp 5 seas
15 secs

exposure 18 20 secs exposure 18 26 :M?%ecs exposure 18 26 40 secs

exposure - 22 60 secs exposure_- secs exposure -

120 secs

exposur §0T an._an§epih ek ds dHWifdhy aPﬁfiLalf‘ehequfrl}a)dl AndbhFret oMse near -

i nfraregukik db@él@dsnémeo%dﬁﬁi&m whsn'r gacdeib tanckDvhi wweeands. I n the
case ofaﬁﬁr-lnfrar |rr(g atl%g g t he farEJnfrared i rradi ation | anp,
25 mQY P s YRATRP TIPSRV FEEEEREs 1T ABER 2 Rl ts clearly show t hat

i rrradi a{Tepe Wwf hcendweatrive mfasdiedd irradiation lanp and with a far-infrared

irradi ation b r
convent i onal hg¥§g?ﬁ&%ﬁ%ﬁﬁﬁ'%&gﬁﬁ 8& Eﬁﬁg@&E@&i%%r

adequat@ué¥FE€% %%ﬁ@&cﬁﬁ#quy%ﬁ¢at §°BHPngt¥?n%ﬁ%ﬁ %ﬁsuh§§a§ﬁr§b
m nut esyighresths ed by the conventional nethod to 40

val ue of 35 n en us g hot air at
expr ess&&Y ??sc%ef¥%ﬁ evapor ati on

or. I !
elfpgre & atn 'FA33

aggby t he

qyyed

obtain a resistance
150C. A conductive paste

Near-infrared 1rrad1ation lamp (QIR100V-1000W/D by Ushio Denki)
Far-infrared irradiation lamp (QIR100V-1000YD by Ushio Denki)

The distance from the light source to the conductive paste

cm.
(Test results)

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

[Table 10]

Near-infrared
irradiation lamp
42
33
26
18
18
18

Far-infrared irradiation
lamp

5 secs exposure

8 secs exposure

10 secs exposure

15 secs exposure

20 secs exposure
30 secs exposure
40 secs exposure

60 secs exposure

90 secs exposure

120 secs exposure

was 20

In the case of near-infrared irradiation with the near-

infrared irradiation lamp,

25 mQ/sq. 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 method to



of the solvent and thernosetting of the resin which are contained therein.
In other words, it is believed that the effect descri bed above efficiently
provi des the conductive paste with a |arge volunme of heat, and that this
causes curing to proceed in a shorter tine. Incidentally, the tenperature
of the paper surface on the opposite side fromthe side where the
conductive paste is applied reached 170C upon irradiation with the
near-infrared irradiation lanp for 10,seconds. Thus, considering the "|oss
of heat until transfer to the opp05|te si de" and the "tenperature

red“Ct'OEhSEﬁ t?a%{ﬂ?téﬁ d\{ 1w %@3%“%9995 szﬁgnsdsdﬁg' Sndt” %‘taacCt W th a

st and) eFature of the conddctiv elts |eved to
reach a1§@n§|derably hi gh tenperature. [Effect] As explalned above,
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enbodi "gRb-r@rPePRE.I S Used as the substrate 1 for mounting of the IC
chip. As shown in 4, a coiled main antenna nmenber 2 of the antenna is
first for rreénﬁj'rdEPFﬁ?H‘ng e htet“f?éar@&r\‘dfﬁcf’?v*éh%a%%%er AEEEE Py itREi ng

nmet hod, ob@bs&xarrshee Rym behel seittid @hefiel Iﬁhbngoﬁ@lﬁ@ﬁVé)fdeftet hfs appilied

nt enna ed for_subseguent pri.ntin fornatlo sing wre
AaetT oo BaEREL £782€ L8bn “hESSMLP il e PEER A e d s ditlidn
menber 2ampnfinsiPaseagndat erfhus 4 C|0$13fld|enredg4nhe othSh?e @p@ma‘n aatddossi ng
W re seghl,gd%ed- thexhe LHSoSIOSNNG \éﬂnEietﬁSCT't er’x%ééhe 1R QR BGe

i nsul ati ng mat eri al "4 in connection wmth one en mal n ant enna
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believed to reach a considerably high temperature.
[Effect]

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

for radio frequency identification mediums.

Second embodiment

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

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

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



The insulating material 4 is a m xture of an epoxy-based ultraviolet
curing resin and insulating inorganic fine particles of silica, talc,
alumna or the like. The mxture is printed and exposed to ultraviolet
rays for curing. The insulating material 4 is coated to a coating

t hi ckness of about 15 um for exanple, and cured by ultraviolet
irradiation at 4 kWfor an irradiation time of about 1 second. Since the
insulating material is thus formed with only slight exposure to
ultraviolet rays, this contributes t dthetter efficiency of the entire
formati on process for the radio trequenc¥ identification medium, The
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second). A crossing 4 re section was forped b rintin her eover and
cured t &oFBFfh Wéﬁhaﬂ?iﬁ n%l\i’r%‘tco?ﬁ’é’&uir&n Fngitfiﬁ}g]s%% ﬁ%ﬁﬁ’g wer e

fabri cateftrandtebets bestst anfdiviancyeasutkd. efhire efistatncn wedesdged on

a scal e Jevel, %Qgiianflré‘(gu%&‘z?;} & dertifld¢abaSniifinal | ten were judged as

havi ng a satiisfactory ~condi t1on of NSyl ation, I'ndicates that 8-9 were

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

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

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

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



insulated, O indicates that 5-7 were judged as insulated, and X indicates
that 4 or fewer were judged as insulated. [Table 11] Epoxy-based Silica
resin/silica Insulation wultraviolet condition curing resin KS871 Aerosi
200 100/8 100/5 0 100/2 X KS830 Aerosil 200 100/8 100/5 100/3 [Effect]
In this experinment it was confirnmed that insulating nmaterials conprising

m xtures of epoxy-based ultraviolet curing resins and silica can be used
as insulating materials for crossing wre sections in non-contact IC

nmodul es. It was al so found, as shown the results in Table 11, that when
the insulating materials are coated onto paper substrates, .usin silica
at 3 to"BTPareetift iRt g’ylgﬁlﬁgﬁ’flg gl?glf oeveerpoaffcﬂ)lé:segdiﬁl %roﬂﬁ ol et
curing apsantéesnavim cownrescdbtdrst adeor | 10br sudlorandtdérgra sofwetriee fiabgdlcatted
secti ongyqVery; STALLs SAAR i heas urbgrosi | 200 was found to be
particularly effective as the silica. Wile this conclusion is not

i ndi cat ed aBbeere¢distarcentas ijadged op fascebhflevRly gt iratye $abileéa of 1

Pm or gERaiLl; daed eatOhiiackhl ﬁgﬁéi%féi%@ na¥dngas 8afiBEgBEog{f ect of
i mproved fixing property since it is not incorpaorated into the fibers of

theé paperditheR &Rt IRetandY hdrdbrdisi fRt 8r%avREEhdBIBE ®F i ng a
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accor di Egdic?aaé?etﬂgweﬂtéxorke‘%éﬂ WY gﬁ{igécﬁ?' & NS A de mul ti-layered -
circuit~according to the present 1nventron, oné having an antenna function
i s pref éFpkle 1Abcordingly, hereinbel ow the formation nethod therefor

accor di rig epscpbasddie | pr esenat || redwtilzn | Winkdlatpe expl ai ned by exenplifying an
) ultraviclet condition
{ curing resin
' KsS871 Aerosil 200 100/8 ©
10075 0
10072 X
Ks830 Aerosil 200 100/8 ©
100/5 ©
100/3 A
[Effect]

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

( silica at 3 to 8 parts with respect to 100 parts of the epoxy-
based ultraviolet curing resin is even more satisfactory for
formation of the insulated sections. Very small silica such as
Aerosil 200 was found to be particularly effective as the silica.
While this conclusion is not indicated above for the materials,
it was confi;med that large silica of 1 uym 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



antenna as the nulti-layered circuit. Specifically, the antenna is obtained
by alternate printing of a conductive |layer and an insulating |ayer on a
paper as a substrate. The substrate on which the nulti-layered circuit is
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 nade from a pol yner
starting material or paper that is sur&?ce coated with an organic materia
or inorganic material. The antenna is orned by screen printing of one of
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furtherssbottend ng Tﬁ&eswﬂmet lolﬂiewﬁicﬁ PROtASEE £ NGydrRellcaldcrd tpast e. The

h d tiat t hat 44 b | uded
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Figs. 5 ustra a nmet ho I ng a uit rst
paper rom rObYRRF atatidngupetesial(frgeaper that is surface coated

with an organic material or inorganic material. The antenna is
formed by screen printing of one of the conductive pastes
described above on the substrate. The printing method is not
limited to screen printing.

The insulating layer is formed by screen printing of a
publicly known insulating paste containing insulating particles,
a binder and various additives. The printing method is not
limited thereto.

The insulating particles in the insulating paste may be of
silica, alumina, talc, etc. Silica fine particles with a mean
particles size of no greater than 1 pm are particularly preferred
since they contribute to thickening of the ink and maintenance of
the coating film shape. However, 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 ihsulating paste.

The photosetting resin and photosetting initiator that may



5(A)), and a circuit 12 is forned by printing thereon using a conductive
paste (Fig. 5(B)). After drying and curing, the sections to be connected
to the circuit situated on the upper |ayer side, for exanple the end
sections of the circuit 12 as illustrated, are designated as the
non-printing sections 13 and the insulating paste is printed onto the
other regions to forman insulating |ayer 14 (Fig. 5(C)). After drying and
curing of this insulating |ayer 14, aj ther circuit 12' is.formed by
printing onto the insulating |ayer 14 in connection with the

f i -pri . t hj then driged and
cured (P RRETRISE b BAEC AR NS Bhophohly ThE Fihd e ighd LB (e 200
connect éd thet henductive pastde (Hspdricudpely Brefdread aegigrdtesd aas
non- pri ebﬁslﬁgmﬁasoé%po,gp%sfm ahd 'cQ%%ﬁié:Eﬂ)Jné@a{ e g 'csatfaq onto

the other regions and_drie cured (Fi I'n addltlon t her
ci rcuit thet §Vef%¥ﬁ%81?®¢Fﬁﬂ%ﬁ%%ﬁj“@n?&°?ﬁét%ﬁ§ulatlng | ayer 14' |n

connection wigh.tBeanoto 5 (FHt Qﬂl&ﬁa@ﬁa@@;alﬁeth@d\%ﬁ méiraﬁ#aftcllﬂgt ta12" ![S
dried and cu ed F| i.s procedure is repe e or ernate
o1t i ngBFte cFFELEt SRERAT 1t BESPRAA &b PAS PN R (FA8™ pri nt ed
Wi ring SKaet. 15nd,1 2 hc hrcwit dr%axazcﬁme@tieuyt br anwing |thdraa,ner egsigigr @ui t .

Post - preeﬁaabegvefpw@epmg ed m) %I ng;ﬁ%@eﬁt ,Zn&aa{hé giafetyﬁiorad' 0

frequency identification medi um connect1 on d by
nul ti-| 8f6FLABS oFC BeterrrAEed tuiths Gééauhﬁr%l%%éﬁ%ﬁxﬁﬂcﬁhﬁ;qﬂ?%& met hod

V\ﬂerebﬁlapéttBﬂﬁenoﬁoﬁréi&rgﬂé&qid @lriha %g@tngﬁﬁ'e&ftﬂ%éﬁ|dl%lﬁQn{1QCTa!son ;Nm le
trthe ot her ,sectipons are tot I NSuUl a wever e resen | hventl on
i's not I]‘:L ?gﬁagﬁgt &t c? '?/qqﬁiitarsa%g‘ﬁ RRPePr Heing 9% 139 nay be
parti al ther ifisnlabieg redstablis qonmeed ontoathe hetlumn -Eg intned tedforansn a
conduct %Kguhgwﬁg TRYyOE TEWRIAS 5 (@ )nt eﬂgi?é!?r%f ‘Prdtdr}tét%% d%"ff/a'h‘l'ls

A|SO e or does” not nec ssarl nee r ous
deV|cesln§3éﬂtb§glt?¥#ﬁpﬁﬂ rﬁﬁth§rn§&ﬁFéétoh¥o %$mi°#ﬂﬁ¢|bMamﬁan§imm reuit
f or med bntbheheemmwémdwelayaierlw QR cBMne@@ﬂ&@QH&ﬂ tafecording to publicly

known ne hods including wre, anlsolro c con ctive filns
e TR EREReh BT et (et i S0 SR LA RED) 13 or et | &% fieep
crean1sdkded and cured (Fig. 5(D)). The end sections of the circuit 12!

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

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

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



balls, etc. If necessary, the connection site may be protected or
reinforced by a publicly known underfill material or potting material.

Al so, the entire nulti-layer-nmounted circuit section may be coated with a
coating material or filmto protect it from external factors. Exanples of
mul ti-layered circuit formation according to the invention are provided
bel ow, with the understanding that the scope of the invention is in no way
limted thereby. (Preparation of photoigtting conductive paste) A mxture
(F) of Silvest E-20 and Silvest TCG 7 Silver powders, both by Tokurik

Hont en, : t Lght ratio.of 8:2) a mxtyre (G, of the epoxy |inonene
di oxi de ‘%‘?”éﬂ("% /3?7 g\gﬁlé:%gaﬁag Rgéﬁg%%ptsogrf:etrmgﬁ'178&38(1 Q&%k%ﬁ%?%n o%%-%%t by
Asahi Dagicesicegyidy ngrgd tai Redas ailloistiBee®.3) and (H) the pol yester Vylon
500 by Toyo [ : I eggond .t hat ) we ( ( eina
wei ght rat. qv(?](‘i%g)g 38:5?,1%%6 ?ﬁrt heg:e%nﬁ&%% VH\%Ehbg It@r’1|n|?)€éeid r%‘?‘fg\e%k}eoduced
a phot od®Btibind ay6xgdcciveuphsferned kR the yeshotopLt hee imvemtiwmn. by

(Pr epar aidrife cfiophatesetiihggtb Nswb Btd 1NY KIRWHE he OHEY 30D O1RA 1 Kp-1Pilde DY Asahi
Denka, KK. as t[@B hot osetg nl'g. rem%;ccq O%I.hl on  and Aer osi | 200,CF_ by
N hon ASCESPY KRBT as SPABOTEPPEE L1 Bt TeBS WBFE) mi SR TP I ght

rati o ofc9R@ting pkrtedédCR)  mentawabtertive phtabn (BCPhOtOSEdn i sWlder

i nsul ati as (JI)¢t f t i ion,  EX le 76 Th per
used as THOYuster o Er s RBrEEY L(Hiq el ttiBh Bheq MAYRE Hpeait i
conduct i%e L94PferGe8dP¥ad PP LIGL W knpwas amidecidhi capterbdbbrett @rdtesindkK.
Screen pataldiag.was carried out with the plate 16 shown in-Fig. 6(A) nade
af TetoronT" ﬁnd hayi ng_a, 180 sh and capable of printing in a thickness
of 15 pm Dr ¢} ﬁ@’a%éecgf‘fzﬁﬁe L davsrsdogit eAnCArfigit 239 GVh BaY B50C for
30 m nutcesite@RWABhbY Asahin@hest«miall aroFalar tesSprifectast thigs used as an

i nsul at i e uble printing of a pattern with the plate 17 shown
in Fig. e%%ﬁ)gg%dgggkoggf oronTM and having a 180 nmesh and capabl e of

printing in FXpRAPeREAeSE BRlY5-Iayerad cdrguag fndmation according to the
invention are provided below, with the understanding that the
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 E1f Atochem and
Adekaoptomer SP-170 and Adekaoptone CP-66 by Asahi Denka Kogyo,
KK. (mixed ratio: 100:3:3) and (H) the polyester Vylon 500 by

( Toyo Boseki, KK. were combined so that (F), (G) and (H) were in a
weight ratio of 65:30:5, and further kneading with a triple roll
produced a photosetting conductive paste (I) to bé used for the
invention. .

(Preparation of photosetting insulating paste)

Adekaoptomer KS-871 by Asahi Denka, KK. as the photosetting
resin composition and Aerosil 200CF by Nihon Aerosil, KK. as the
silica fine particles were mixed in a weight ratio of 92:8 and
kneaded with a kneader to obtain a photosetting insulating paste
(J) to be used for the invention.

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



curing were carried out under the sane conditions. Acircuit { pattern was
formed as a triple conductive layer (circuit) through a process involving
“conductive layer printing with plate 16 and drying" "insulating |ayer
printing with plate 17 and drying" "conductive |layer printing with plate
16 and drying". Exanple 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 (lI) prepared above. ?green printing was carried out with
the plate 16 shown in Fig. 6(A) nade o TetoronTNIand having a 180 nesh

and ca e of intin a thickness of 15 carried out by
i ght P diR&E %F?%PHSEE%Y%W% edd’sseedof’a?ob ﬁ%’%n@g(%%%r%ewwaal
vavel engilboratgeies, 388- 508credn usting: imgl G@s YAEmie@taht haittldetﬁ@rﬁ)lat'léhe
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l'i ght |rr Etlon a cupul ative dose of 50 measured In a
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Gonpar ati ve anpl e 12 The paper used as t strate was

Sei shi , PakkerBnYap hECEBRY LRT | % & Piddtce copdychiye L vas d M 1M idgaHih Kiveh cal

Labor at ar pescekK. 1Sobmem@r'rcmnmm qageregrwtlmg tvhi e 1t e 6 B gshown
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Example 77

The paper used as the substrate was NPI-55 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



The paper used as the substrate was NPI-55 by N ppon Seishi, KK The
conductive paste used was the photosetting conductive paste (I) prepared
above. Screen printing was carried out with the plate 16 shown in Fig.
6(A) made of TetoronTM and having a 180 nesh and capable of printing in a
t hi ckness of 15 um Curing was carried out by light irradiation at a
cumul ati ve dose of 5000 mJ/cnR (nmeasured in a wavel ength range of 300-500
nm using a 160 Wcm netal halide Iang7 In Exanple 76, Exanple 77,
Conpar ati ve Exanple 12 -and Conparativée Exanple 13, the surface resistances

were neasured at the respective circuit termnals. The results are shown
in Tabl EONERCLAVESEARCHIL 1 §¥BTe 12, better results were obtained in

Exanpl esofpaaadivé ERampla Tbnparative Exanples 12 and 13. The shaded
regions of t p 17,1 [ I 14 | i:he ;paste.
[ Tabl e 12] Sﬁ'(r?lfe ak)gbggsﬁg%%n%se %tlé: %}k}sg:lfl% tt%t gggn %gf %?mr% sbglﬁéw%xeé%gﬂlé 76 7
Exanpl e KKz aad Chgparadiebiv apipitee MBefowagohpat b9¢ Ve Ik Afsihd Lheagcal
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Inlirmte paces, I, arge-vo e a S ogﬂae and, ur a radl o

(T equends HERR AhcRipont LRk TatGy 4 T torper 950 Bupiad i A ARG |
chi p. Feapablenbddprentingeis od | civiadigesssplodnabi pm. canceims and aurtimg .
embodi ment Ofca%ieér‘%ﬁ@”?nfQr}‘{’c}é‘gaﬂe.to%% desigped ¥ iha rﬁi'}{uﬁ%e!. conductive
| ayer an&el OWer "resi stance value, wt hout requiring |1 ncrease

manuf actCenpagasdyes Eypmptepdd ati on efforts. In the illustration, reference

nuneral 31 degiegpabes asbai As aNd U trialteShas aNPRl 55 Oy aMHu Jeaas 33
gre forned on one aglde of a sheet-|jke substrate nmade, of paper .or a thin

film Bfch dhCerRRANGEHVEPRILE &Rsof-Pg BBABRREFVERY R Yde Sy

paste (I) prepared above. Screen printing was carried out with
the plate 16 shown in Fig. 6(A) made of Tetoron™ and having a 180
mesh and capable of printing in a thickness of 15 pm. Curing was
carried out by light irradiation at a cumulative dose of 5000
nJ/cr’ (measured in a wavelength range of 300-500 nm) using a 160
W/cm metal halide lamp.

In Example 76, Example 77, Comparative Example 12 and
Comparative Example 13, the surface resistances were measured at
the respective circuit terminals. The results are shown in Table
12. As seen from Table 12, better results were obtained in

Examples 76 and 77 than in Comparative Examples 12 and 13. The

( shaded regions of the plates 16, 17 in Fig. 6 are the sections
) bearing the paste.
[Table 12]
R Surface resistance at
circuit terminal (mQ/sq.)
Example 76 7
Example 77 : 14
Comparative Example 12 19
Comparative Example 13 40
[Effect]

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

further a radio frequency identification medium with a paper



screen printing the aforenentioned conductive paste. The antenna | oops 33
are formed in a symretrical pattern at symmetrical |ocations on either
side of a folding section 34 forned at a position dividing the substrate
32 into two parts. Next, glue 36 consisting of an adhesive or tackifier is
evenly applied onto one of the antenna | oop-fornmed surfaces 35. The
substrate 32 is then folded at the folding section 34 so that the antenna
| oops 33 are on the inside. The antenng | oops 33 mat chi ng each ot her by
folding are laid over each other through the glue 36. A prescribed

pressure js_then lJ.ed t tach _and join the two antenna | oops 33 to
produces'é%s%ﬂafhceenﬁ[g&%ﬁﬁ% ga?1 gbi gﬁgpéross-secti onal illustration of a part
of the antenna 31 obtained by the nmethod described above. By attaching
the mat gl PO, AhSY K ps 33 with the glue 36, the matching antenna | oops

d
33 are directly l%&?\% | at intricate sections form n%ea state of
continuity. T RAININY SAPLgRtARRRAACS IO R B Ne RQE IPsREGPAL BB to
form a ghoghes afd ety nehod Wesagnthi wkel < afitiskddry eonadyertivEhilaygives an
antenna_3 ith a |lower resistance.value. For. greater, clarification of the
gi st of a?%ef\%"ﬁ%rﬁ?solri A% Vear'awi H#ﬁg@ﬁ To ulsr‘r%%1 tlﬁlgr%g%ﬁfji ng section on
whi ch thentfachiping soshimtced poepehsttonnetfantts wi re section situated
across part -]Igagoc I e SIPrAY RlsUgnatedbgutaghured
by Sum t ono t%{/]el . &ay%flgt ngg?%g?WUes a?rlens?'%/ongd%gel gw may al so be
appl i edapheRnd he EifSaca R ife ofr 89FaBRE2 WP IR HRtten FRIMEEp °By ©82 spr ay

met deasﬁéée@ﬂhapréﬁséﬁqim ]tyi’%s(tﬁca@é?m&ﬂé fpaéhaiﬁu;r ra%t Rodhinl Eimay ﬁl Sﬁ be
ppl 1 € onfo the ent rety OT., one sur ce_oO t he ubstrate on | t he
(YO R e Rl i R WA S e i R R
appl i eds¢peentpointinme flisnafopamentnonsyntdreduct irkes ipasitat ex @heAengapha

¥J2301 Y35 Ublo RantafRldh BAEmnklricaE e o bt Byrbleianckasel Comi,
KK. \ﬁD%llQ%Er)a_ni 270% <_>N| sshi n Kagaku Kgéflp, KK. .Super%&ex SFl:(L:O by Dai i chi
Kogyo Sipgakionkien either side of a folding section 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-



Nat ural rubber | atexes Pol ybutadi ene, polyvinyl ether, polyvinyl alcohol,
styrene or naleic acid dissolved in a solvent. Wien the glue 36 applied
for attachnent is thin (about 3 g/cnR), |ight pressure (about 2 Kg/cnR) is
sufficient for attachnment. Wen the glue 36 is thick, both heat and
pressure may be applied (for exanple, 30 seconds at 5 Kg/cnR, 130C). A
thin antenna was. then obtained by an antenna loop in the shape of a 1 nm
X 1000 mm conb-shaped pattern, by the gftachment nethod described above.
Tabl e 13 shows the results of neasuring the resistance values for an

attache th |ﬂ$% M I 0%t he
attachngnt %S|ng% ?¥09%§ ) g&Q sfggngh8%§$§ﬂﬁﬁaﬁaﬁﬁngghte%ha obt ai ned
wi th appbbtaed opnid ’Ch%a‘-!maﬁﬂj:%rt@sb@r proveded gl B eys @ndengad leepelyaal oops

prior tgQ rag,tﬁ&m@@t £ &M Tht i3 GBRA0d) or THEahFd R 2t 19lgURe? PRI, Cat | ON
wer e th|n application, thick application and pattern coati ng,
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Labor at gibssrat. on&ﬁﬂdlélh&:kfﬁﬂtmrﬂaombi?apmg eféaiged lnh s@I@@Aonptionting in

a thi ckngssof 35 1 .00 | Table 13h o8 el L0, G usl ok PRLE G ing

appllcaflon a%p?lcatlon codt i ng tenna ht'énna

Si npl e pALROrnO attachnent Heating/pressure 10 10 10 (units: 0) As shown
in Table 13 above, the resistance values are |owered by the attachnent. O
particular note, when heat and pressure were applied the resistance val ues
were haP¥RERELIG cEP31MNtaFS%Les of the antennas alone in al|l cases. These
were resi stmaﬁenyal YE3301D ane Midaude swit Raghixh ssAswy fux. paral | el

gonnecti ons, ﬁ hﬁé f? eff t_of. | ower resistance values for the thin
ant ennas masA€€ 01 et oqﬂsgieﬁagﬁmﬁf %%htanIty bet ween the two
ant enna Ioopglaibeans2h®lhyeﬁ#&ﬁhﬂﬁeﬁhgwkuhKomﬁo, KK.

Superflex SF110 by Daiichi Kogyo Seiyaku, KK.

Natural rubber latexes

Polybutadiene, polyvinyl ether, polyvinyl alcohol, styrene
or maleic acid dissolved in a solvent.

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/cm?, 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 LS415C-M by Asahi Chemical
Laboratories, KK., and the antenna loops were formed by screen

printing in a thickness of 15 un.



glue by thick application, the resistance value of one of the antenna

| oops was neasured. [Effect] Thin antennas with |ow resistance val ues can
be obtained by this very sinple nmethod that involves |aying two antenna

| oops together by folding and attaching themwth glue. It is also
possible to reliably lay 'the two antenna | oops together w thout

m smat chi ng. Thin antennas can therefore be obtained without trouble. By
attaching and joining two antenna | oops with the same resistance val ue by
heat and pressure it is possible to obP%in a thin antenna with 1/2 the
resi stance_val ue. Thus, even when the antenna |oops are fornmed using

[ nexpens(fl'\??lﬁatlér]i al s having high resistance values, the resistance val ue
of the rgqsulting thin antlemlae/thiadjceliuébetiiadi | | Pat8etmer pby possible
to achiejye a property sifidpplilcatadosni|dppdiaateeny nadatihgan| expensi ve
mat eri al Wt hagté@Na (ES! syance a@l ue. [Each agit enng T ooponhay Dp fabricated
W t-h its fowm Eﬂgé.ﬁﬁé({z resi[stancsy varug: lel%oillte T Ty Sstange val ue can
t her ef or g—be u%.ef*.‘.zﬁcd bgset—of—oh4—tawrt—Fof—teststanree] i n parall el
connecti gns. I1_t erefore |beconeS eagdier t0 set fesis gnc vhl ues for thin
ant ennas hia—-&5RS '“\}" wHt-h-—desired yses —withoutd having tao brovide

nuner ous |BaatEng/Pressugeli ve ntlerials forlGhe a 0 Mor eover, by
| ayi ng t dgetilbter 2w sheet-|i ke substrates to attach and join the antenna

| oops of each.s at Sck i ahqve, resi nc f _the antenna to
bending is i ?\l‘gr 5222'5_ &ﬁhﬁébggm ﬁ %gogf)erfel%?léea Ff;g’lﬁ%}ﬁg? e‘?\ ﬂf?%rﬁ’f%e dr aw ng.
Fig. 10 lewWewsdabyb&he abtachmenher Of mardicuhns Bet@aswhrmerhdatt dotl As seen
N thi $rielslskigbr abk@Nappl CEACKNS 'r IS 1QGfeldl KaHUED §dfe A £ANGLd O0Op 33
where it has been foided. However, since the matching antenna | oops 33 are
di r ect | P38 BCEs VAXPPAI REdE BH AL G BdGRey TRofLL { PRS2t eMTREIDOFES in
whi ch t hesdisaakcd7vhaaescinraecbtdandy anithedhhy si Law nBd€ parge FXd eNna | oop
33. Contjnui - th epiire. an 3L i.s_thus properly ensured. <<IC
chi p rroﬁr?%r?tc)érlrg%ﬁbdggd'lfﬁ}éb% o?r?o%\}?%g%,at r?rjsft %Sgeﬁaf/eglesﬁ%ﬁél/o‘ﬁ &3 Pret hod

f or the thin antennas was confirmed. Because of a lack of continuity

between the two antenna loops after simple attachment with the

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

Thin antennas with low resistance values can be obtained by
this very simple method that involves laying two antenna loops
together by folding and attaching them with glue. It is also
possible to reliably iay‘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 having 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 expensive
material with a low resistance value. Each antenna loop may be
fabricated with its own specific resistance value. The antenna

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



mounting an I C chip on an antenna forned by any of the above- nentioned

ant enna-form ng net hods. Adhesive joints are fornmed onto an
antenna-provi ded substrate at the nounting position on which an IC chip is
to be situated on the substrate, by a printing nethod using a conductive
adhesi ve substance (K) at term nal sections corresponding to the term nals
of the I C chip. Adhesive joints are fornmed by a printing nethod using an

i nsul ati ng adhesive substance (L) at fpe non-term nal sections. The IC
chip is adhered onto the substrate by Thernoconpression bonding to

achi eve posi ti I chor] e conpegt i R ddst Y. The
subst ratfg(%uggag%g?ngg gﬁeﬁg‘?aﬁ]%%}%r?g%ﬁl%&%g ff o?gtﬁ%élp%%ée:ryentl (ér?ed

subst r akesiBy. toThetaneshabtames welUey fied Shinhentemras atfe danfonmuilbivi cly
known nethed g84GReaSuREL N NehotS M 131 £Qf pkBG1 s ChERE I ONGhe L YRduct i ve
pastes. 52 For the nmethod of the invention,. the conductive "adhesive
subst ancONCERFtaNE RAEerRals PR GERRIAAGPEashBSPANCe (L) are preferably

sel ected fromozeBREradbeslyeisybsdpIRT e BHeevi Iikal ybstratdsatdd e
substances that are eni% ed_during . thermconpressi on bondin exh%piting
good adRELRSH EB0: RRTPCERR| T YEH® OFoat BN RnGF R A RTe) Lo
reliabi labloye(f cesiexanpéeofi tipacAntasissttanbendiay ei s riosisdagrsd, [Mndisdi ty
resi sta , r esi c er, j They, ar

br of or byt bAfahe) 288020 Booflond AP eni URbLlly, | g SR, Brirs o

st andpoismtoseesAeRnYBasEythadresnnmI3L kaisnbarni f9lee’: afthoieah it ate of

the 1 C giiR qnitBeraticHl ta @Psklt Bl Mo @2elirPKEUin St EMANDop 33
referably fornmed by the he reatment. Since the conductive adhesive
H AnP g%ﬂ%

. h .
subst an&&eZR) 1§u ger I ot iRV ne SLPOR TG PR TS FHHSHRS of the
| C chi p,ladps @8ntaendiceatllytivinghrdd cxpdadnddaabonedercoresinigdsy egent i al

, L | . dycti ' dhesi
o bot h it “SEEahs 13eH" Fpol il AU U Hak a0 PRLE o ertd A Conduct i ve
par ti cl @xonidedt pyi d5F| pabehingraanfieryandecp 33. Continuity of the

entire antenna 31 is thus properly ensured.

<<IC chip mounting method>>
The following method may be mentioned as a method for
mounting an IC chip on an antenna formed by any of the above-
mentioned antenna-forming methods.
Adhesive joints are formed onto an antenna-provided
substrate at the mounting position on which an IC chip is to be
: situated on the substrate, by a printing method using a
( conductive adhesive substance (K) at terminal sections
corresponding to the terminals of the IC chip. Adhesive joints
are formed by a printing method using 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.



especially silver powder. Conductive netals other than silver, such as
gold, platinum copper, nickel, cobalt, palladium rhodium etc. may al so
be used. The insul ating adhesive substance (L) has the function of

posi tional anchoring of the IC chip by adhesion and of preventing short
circuits-between the conductive connections, as well as that of protecting
t he conductive connections fromexternal shocks.' It is therefore
preferably conposed of a resin with hi¥$ adhesion to the netal, the
substrate and the circuit on the substtTate, with excellent insulating

properties, and with the ability to absorb stress strai ener at ed by
heat shock oF°rphyeiRefhed &k the, TyeBE1QRer BRT c?@ﬁ%ﬁ%%Yﬁnﬂ gﬂjﬁihleve
InSU|atbQBsﬂthethm)riﬁurthﬁ(mnsuhmtlngsaahésﬂgefsﬁbsﬂqndan&L)eﬁample silica,

al um na ass taI [ | i ggggg & The resin
whi ch i 8% %% %%% e%%%%?%é%E %P%Phgﬁggﬁ uctlve dheslvépsubstance
(K)- or VhetuﬂshYamvngotaﬁmﬁﬁ\R&hﬁﬂ@@@&ﬁcéhéE)arﬂnﬁmtk$Qﬁ[ﬂnﬂhng y known
thermp'tﬁé&hScéﬁﬁké‘sQioﬁ heSPSERS L iXGinieshy. g&sdaamcﬁatﬂ&rwg ot h. The

thernoplastic resin is not particularly restficted .as exanples t here
may' be RBAPI BRERT pBPYEt FRARMEN ARFhFEEpFERRINg p’E)‘ijJs‘T]%Fr (&% 1 esi ns,
pol ynet athﬁméhaﬂmyacat eres)ﬁwandw,l wa(tléerIredﬂstmgl,\/Im;ﬂlidiﬂfye x@sllmﬂade,e,

pol yvi n cetate onV|n caohal ol yace, oly rbonat
polyethéﬁg r?5?35%$ %1aﬁéy ) %ﬁ%fﬁh??P@ﬁé %ére ?%a? eI IRfEhéhf?gﬁ%
oxi de, pdhgsuieosebstaotss nfiddy qxﬂspduhéedubtonetuxﬁﬁ)@ﬁQQHtiﬁe pol yet her
et her ksftggapmﬂe' aft@aﬁ%éﬁfﬁfa!nlao&'e@@abiy m&m@a{mg\%heetaqmmxédof

VM'IICh e used one or in conbinations of two or nore.

t'her rmséttﬁltﬁg°?e5¥1ﬁ TONPHSR t9rERSs C's,lé]cé‘éf:edalﬂﬁio?ﬁ‘%%r@mftsﬁdé’é‘%at react

Wi t hout sg@aetatesgayelﬁiéf@cmrmmm dyr thg héde ﬁwam\gamand exanpl es
t her eof i ncl

de but. are n (1 oun such as
gl yci dyl etthgcﬁng?sfﬁﬂékﬁt5Y?n éaﬁssﬂﬁeﬁénggn%ﬁ (£8f % esi ns
r epr eseebedubyige 4compextytyict o bt wm&hybr@;ndlemeWUytt@heﬂyﬂ>caﬂboxylate,
and am %Qnt(&gHEOEBHéucPD@é‘%aﬁ&m%”%d chquné‘é‘f'ypééﬂ? FOMRAUNS 4107 gani ¢

aci d conmpounds or oni um corpounds 2) liqu anic acid ester
components, and it is preferably a conductive paste with strong

adhesion to both the antenna and the metal of the IC chip
terminals.

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

The 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. In 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



resins represented by 1, 1-bi s(4-cyanat ophenyl )ethane, and netal salt

catal ysts, (3) bisnmaleimde or addition products of bisnaleimde and

di am ne conpounds, and am no compounds, allyl conpounds or radical
generators, (4) liquid allyl conmpounds represented by diallyl phthalate,
and am no conpounds or radical generators, (5) triallyl isocyanurate or
triallyl cyanurate and am no conpounds or peroxides, (6) polyvalent active
hydrogen conpounds represented by pol yet hyl ene gl ycol, hexanethyl ene

gl ycol and glycerin, and isocyanate coé%ounds, (7) liquid acrylate
conpounds such as pol yet hyl enegl ycol diacrylate, trimethyl ol propane

al kyl enedbesdvensubstancer (Rorad dthes insudating adheis e YHrdranas s(L)(8)

vinyl graupypeont aliBi N1y fibwh Pl fiaiticardsiadbatngai iy (9)
vi nyl si | ane conmpounds and Si H group- containing conpounds, and platinum
cat al ystt€3iBy c OTTReCEBRETR IR AheShre substance (K) and insul ating 54

adhesi ve subghantBefthpphaytidcleslin a ssalotephrsclbagl asrdédtericudd/enindcan be

renoved prior_to thernpconpressi on .handi.n f e. 1C chip. The ,added
ol vent g <pabTepy ERFEF RY coe EhANRL Dedve bR b B Rror iR, e 11
t he” systehvatveeneheABar ragineamilymethvl pethaecapl ytdaalboindlng point of

no hi ghes,133Re25861 yvEXFIPEESe ié’l?]!dﬂ%lem"%‘i%%w?i‘ SO VAN S sUIGR 81
t ol uene, _ cycl ohexane, nethylgﬁgéohexane, n- hexane and pent ane;” al ¢cohol s
such as ail§t?§r°épyp°&yé‘6ﬁ6fllarﬁi° arbogiatenoPOLKBEBRERNS Liegr s thalate,

cyg I Qhe)pﬁn_@bﬁty%hayhee&ﬂﬂb{théﬁﬂw,ﬁ,pldlﬁjtﬂh)éhy'ﬂ.éﬁbbeidé(,letp'm@suliﬁcﬁié(}y|b kelt one
an I sopnhqQrone;, esters suc et ny cet.at pro acet ate a ut

cet at o PG Ba e RO RGN S AR T, o ieayiase: Seth e e S e
nononet ippllyetthgdenepkepysfhegt il sidhiosmnieyregiher , eth etdny enfegihyicdl

mononet byl pet 186q284 onte TBE NOX Ve S Bl LAY Yl 8EETSE Grods, Wel | as mi xed

sol vent s onBr|S|ng two or nore of these.. The adhesjve substance may be
previ ously plaCe§hPRTASeSEHIE UF RIS IGAPASY thERL LAgS S TR Friifhaniand
i rradi atgh@zeOkhatl eehe@nwbeRsnt ol iRy POLAEile ABMYAdIES RRuitigp. I

S AR A N e e A R
conposi t(ldn gilycadgédcolranpie ssudierasofg iyeddydeetbebs naf iwirsphenol A or
bisphenol 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) liquid cyanic acid ester
resins represented by 1,1l-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) ligquid
acrylate compounds such as polyethyleneglycol diacrylate,
trimethylolpropane 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



epoxy resins and photocationic generators, or acrylate resins and

phot oradi cal generators. Publicly known additives such as rel ease agents,
surface treatnent agents, fillers, pignments, dyes and the |like may al so

be added. As rel ease agents there may be nentioned waxes, zinc stearate,
etc., and as surface treatnent agents there may be nentioned sil ane
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 ating adhesi ve s¥bstance (L) nmay be mixed to nake a
honogeni zed varni sh, or an even dispersion prepared by kneading by
appropr i atkepuiki suyskﬂnm (il rma s ugie laslea ak peddent ovo kariphlas rtdle . The

adhesi ve ;a4b3hanesni fePLER @4}@@ i oS GRS mb bilré £ forl YBRIHIISE LHage
whi ch doés not degrade the substrate - - --- ------- 55 during printing.

e
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fg printina EQHEthoTBGOQﬁl PésIgud slln ae |sgdt91§t ai_?yeﬂ ﬂwldmmd«l@mmh?%
ut screen t|n particul ar ferre esi v st ances

and (L) Hiv r§ ﬁéagég 8? ?e%%ui é“p uSfel®sht efoqé (ﬁqﬁe | C chip

conneptldnsmpdeer1nphedéihndr¢¢ﬁwbnnxaq&vam§soﬁubbndbr@pkuﬂnhAn ons for
nnuntlng cloh@%aﬁg pyegﬁgi@gfggﬁkﬂgﬁ e%ﬁﬂ@eéﬁ& éhféﬁgﬁaéﬁcég%i%SOC

within a tine range o secondd an hin a pressure range o

0.1-0.5 Mmgh AS ARaRPPEYSfabcolprhtanty hvétmoalﬁphpln Rnespiuih s

ilgt EI) | widye 1&;@%&%&@ [t Rethgl ddHyY) Herdney. méihi) ﬁg\@bﬁt;g], KeX{AYe, It_of Fi g.
are lateral crgss-sectjons S ifie

Vowb of HRSWE.RECRESHBRL: F ERPRIAT oRege. Such N YO (e o

£ 411 owi ngusipgqis agetatear ahddbouyl tacetabe; @dyb@lcmopoélt%helas arrke thmint i ng

posi tion AQ t@sSUPﬁEhaég ﬁhyfbﬂgyéybéiﬁs&Hggéghgﬁlegﬁérbeen formed as an

antenna én the strface Cri ove. (1) The circuit 21
is for newr@mlﬁ@esawpilameneetleﬁ Fther Adiethydengpl nggl monomethyl

ether and 3-methoxy-3-methylbutyl acetate; as well as mixed

solvents comprising two or more of these.

The adhesive substance may be previously placed in a
semicured state by heating, electromagnetic irradiation or
electron beam irradiation prior to mounting the chip. In the
case of light irradiation in the wavelength range of from visible
light to ultraviolet light, a publicly known photosetting resin
composition is added. Examples thereof include combinations of
epoxy 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



(ii1) The insulating adhesive substance (L) is used for application by a
printing method to forman insul ati ng adhesi ve section 25 which does not
cover the sections of the termnals 24 (two shown here) of the I C chip 23
(Fig. 11(B), Fig. 12(B)). Before noving to the next step, the insulating
adhesive section 25 may be subjected to treatnment such as heating,

el ectromagnetic irradiation or electron beamirradiation, or it may be
noved directly to the next step. (|||% The conductive adhesi ve substance
(K) is used for application by a prin ?ng method to formterm nal adhesive

sections 26 on the ¢ircuit 21 reater thickness than t |nsulat|n
adhesi v&USdR0i BRiBE1RG. 5sThES e?fgiﬁt@qtcﬁnﬁécfpﬁkfﬁgtﬂrém sn@?ss LAt S thg
| C chi paZ3erTaktming théechecwht by of ptrfiatlngsméahodlg athee gpvintsiaeg idon from
the circuit t.he, heigh 6 A i sfrom
the cir &G f}‘ ?Fg ue RY(®&)P &%{ilcﬂ’ 1@(0 éh?ofegﬁjﬁvgggg § S&Clég) sfep, t he

term nalpaartsthesilaelyspcefgnse@6 may be subj ected to treatnment such as

heati ng, e'%TerQHﬁlQ‘i‘{réCsﬁﬁét?ﬂ@éé Ofk)0lan@ Q€S " REvDEANAdgE&di g i on, or
may be noved directl the next step. In any case, it 1S necessar é

conpl et é]e?‘%lllvﬁfitbfaf‘éjaﬁ*y'e‘?/o?%t?fr et‘?:cﬂ?ﬁ%‘r?énftgebé? of BLP nERARRF iPhet

step. (ithe fhﬁalctﬁbtﬂoa&npﬁeﬁf&ﬁd:&wlm 2pRaQpLoAs efdilftﬂwﬁnﬁihglsof to
match th O?Hltl ons t_ﬂ?atl n adhe5|tve sgctl on ngo Jé1e term nal
adhesi vé$e &t 8nsP28 ?5? ¥i i Jl’féasteeﬂ?e&a EFF) ARG© ?l i ﬁ? ove' (Fig.
11(D) , whit}inl2 EDpp rafgy tﬁf\ Qpbr i isstcondppandt WSthin us epirdsgure

t her noc g%S%IfOB 1bgngipgaof the 1C chip 23 (Fig. 11(E), Fig. 12(E)). This
is preferdbly carried out in such a manner that the adhesive sections 25,
76 are withi Anae¥empérartre PetRfeing nedhedowilinaow e re¥Pkaines ¥ange of

0.1-120 d%%qudﬁlaﬁdrwfébéﬁca we&qﬂ q1(rAe)n@e pigD. 11 Pep dMRe.Fi ! erz tae
therm)corrpreSS| 22 §)n P9, ¥ ge co Ietel% term nated by
post cur i9%g Eddr h 1A ‘éf 3&? 8 PrEadfberd T Btes
mount i ngh@mmlgeshﬁp&hlfpeQBV(eﬁng ofl 2(He )nouhmlngdposimqm ot leodn t:he Mgyt ed
porti onflq]f(ﬁ\t heo é}lqgl)p, the nmounting procedure according to the invention
owe

may be
The follow1ng 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.

(1) 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 to form an insulating adhesive
section 25 which does not cover the sections of the terminals 24
(two shown here) of the IC chip 23 (Fig. 11(B), Fig. 12(B)).
Before moving to the next step, the insulating adhesive section
25 may be subjected to treatment such as heating, electromagnetic
irradiation or electron beam irradiation, or it may be moved

" directly to the next step.

{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



| coating of the entirety or part of nounted portion with a potting
material or coating material. [Effect] It is thus possible to sinplify the
manuf acturing process for a radio frequency identification nediumwth a
nmounted 1C chip. Wile the presently preferred enbodi ments of the present
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 set36forth in the appended clains. 57
WHAT IS CLAIMED IS: 1. A conductive paste curing nmethod characterized in

t hat an thiet tarimdhefl adheadirat senticenm fvamh thef caredithy(Bid ssilbif)i.s Riged as

allght 19qeh5e. 8aEo2e ﬁeogﬂg_\tte/etcf@%{&e %tteg)r aghat egeitiddn |4 s fiyepm sai d

l'i ght source for cur | con tive e curing method according to
claim 1se\ﬁf$ér°§i5n2§a¥“ély bet paRIeFERd itQ atcﬁea"ttF‘Sﬁtl anphi as hfR I sel ect ed

from amé'l@c%r'@i&th heltaki derbai@tién du gﬂe@rt%auaeamemrwlatalrma, age i xenon

| anp. t ho f for ntenng for di o frequenc,
i dentl flnl?é(t n“ﬁ‘??!&g ﬁ?rﬁ%ggdg‘d ’%‘ Iséeé’hl p Ang"Y h‘ég% e%ﬁals sai d
met hod mqemsalrggtbheompépSebf.elm:.rmﬁengmar vohdttl e veorqmasientar doefthreg t o

claim1l Qt epRanshaprgdepattern on a substrate on which the 1C chip is
nount edn{oq’ gl% curing ga?g go?l]guctl ve paste. 4. A nethod of form ng an

antenna for leélebef EEqabhRy2 3 dbntpkacsst bon annBEPLAPHEDWE derFied BarRa C

chip andd h@tant %ﬁ@apo§itﬂoﬁ§1t61-"n@q@eirﬂﬁll%%1n§nhéﬂé1§1@@n§¥!¢1§idlg 25 Giid ed
mai n ant enna nenb ﬁagsa Cr ossi n W re sectiaon sifuated acr Sﬁ h in
(6]

gnt enna ttﬂ?r‘rt’f@trmilf‘?a& igatels! 9\???} Fie Ehdogmedhdn RRF S BRR A sai d
met hod cdnfni sbeget Heigt eps (Df; FbgMIAHai.d mai n antenna member by '

L 0 e AL DB B! o LS00 BB A nsf«frgtrﬁg
mat er i albansiimo] gfngh&nlﬁpgwpbé%eﬂﬁ'w-t rladviEdl, eE1gcut £ 1) )reS|ThJemdLE’r nsul ati ng
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sectioni, SHHIAE 53 9NauLakl DY 1B oLl Re N ute! L2NES! S 15T AL Oia
within a time range of 0.1-120 seconds and within a pressure
range of 0.1-0.5 MPa. After the thermocompression bonding, the
reaction may be completely terminated by postcuring with heat or
electromagnetic irradiation.

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

In order to protect the mounted portion of the IC chip, the
mounting procedure according to the 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 present invention is not limited thereto, and that
various changes and modifications may be made by those skilled in
the art without departing from the scope of the invention as set

forth in the appended claims.



formng the crossing wire section onto the cured insulating material in
connection with one end of the nmain antenna nenber by printing with a
conductive paste according to claim1; and curing said conductive paste.
P2ty 2l 1111 1112 11 ~I1'1 58 %7 A nethod of form ng an antenna for
a radio frequency identification nmedium provided with an IC chip and the
antenna, said nethod conprising the steps of: providing a pair of antenna

| oops fowpfiﬂ-rqg @lr_AmFFEgthh a conductive paste according to claim1l1 on

one side of a sheet substrate, as a symmetrical pattern positioned
symet ri ¢al Aycemdusiivea pastali cuyinge dnetbads ehatasteyizeds dndthatbanr ateaviglet he

l'i ne; ' ! . :
ci des:  alftpdieNa (Ampruta, Bapred dau nisen: i shdsad s JANE oA ShdH
ant en “%bBQg\ﬁﬁt%baas‘?é‘ ig R didted datH ligdmifrbm Bainighit ebardefer batingli ng ant enna

| oops. I p nmounting nmethod for nounting an IC chip onto a circuit
on a substrate, said nethod conprising the steps of: formng a circuit on

conduct 7e Baotiter peR BB, Metiod CorPrahGaR “Uat, RiACHEIT a1 =

form ng gREVRSEL iRGdRRON 18D i¢idry dres seleeted frdmtameondgachetal halidealaimpuast r at e
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in the nbigh-pregspesmeresrydampaant @ Xenop 18Msai d  substrate by printing with
an insul ati ng adhesi ve substance; placing the I1C chip at the nounting
position; and therno-conpression bonding from above the IC chip for
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provided with an IC chip and the antenna, said method comptising the steps of: -
printing a conductive paste according to claim 1 in an antenna-shaped
pattern on a substrate on which the IC chip is mounted; and
curing -said conductive paste. .

4. A method of forming an antenna for a radio frequency identification
medium provided with an IC chip and the antenna, said antenna being an
antenna comprising a coiled main antenna member and a crossing wire 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
according to claim 1 on a substrate for mounting an IC chip;

curing said conductive paste;

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 according to claim 1; and

curing said conductive paste.
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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 according to claim 1 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;

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 according to claim 1;

curing said conductive paste,

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 1C 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.
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