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Conductive Paste Curing Method, Method of Forming Antenna For Radi o? 5 JUN 200
Frequency ldentification Medium Enploying Conductive Paste, and Radio
frequency ldentification Medi um-BACKGROUND OF THE I NVENTION 1. Field of
the I nvention The present invention relates to a conductive paste and a
conductive paste curing nethod, to a nethod of form ng an antenna for a
radi o frequency identification nedium enploying the conductive paste, and

to a radio frequency IdEﬂtIfI(ﬁZFﬁ%bfﬁ%EﬂﬁﬂON 2. Background Art Recent years
have seen the devel opnent of 1o frequency identification nedia such as
So- cal PEULROOF COREaTRVERTE@ ds for use as |ID cards, tags, name tags and

the l'Egndﬁggﬁvél§9§%£e§9a”@on&&6tfﬁgiBﬁaﬂé ﬂgrhﬂgOMedea udé tigod eafl/ wri t e
devi ceS even di stances of 4-5 neters.
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radio frequency identification nedia is formed conprising a substrate and
a coatVﬁ@lH@nber and sandw ched therebetween an antenna for transmtting
and r eBRCHGROUNREL @FUTHE | INVIBNTEPRCt r omagneti ¢ waves as the transm ssion

medi u L.t hoan LC_chi built-in functions allow ng WW|t|ng and
storag m% %8 Safgg ?nv@ﬁ?}@%g wite-over and era3|n% 8A radi o.frequency

i dentificatTha pedsant beveptigpiEalates i@ SEOAYSTAYH- BBAFECE T car d,

requir SénEU‘éti‘%e?aéteoe{}%%@%et@oa hecd G efitholdo olfateraihpi anshapenna
Met hods enpl oyed

form such an s. i ncl ude va S on net hods
wher eb§°& ﬁefaﬁlPsfrﬁﬁPEEFVle%BB} iﬁvléﬁdgn 0 %B%Sggﬁgakéband et chi ng
nethodaonuheteby @aﬁtba|ahblﬂe|ayead1® iﬂﬁﬁuﬁnmﬂdldﬁnél§&§§F#8PemSHathen
et ched ag ME 8 bondi ng net hods whereby a separately fornmed coi
i s bondedBes grgﬁﬁgt ite, and printing nethods whereby a conductive paste
is printed 8etena yebssrhewei aean bheg deyebyppent of radio frequency

identification media 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 sandwiched therebetween an
antenna for transmitting and receiving data utilizing
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
jJust such a non-contact IC card, requires the antenna connected
to the IC chip to have a thin shape. Methods employed to form
such antennas include vapor deposition methods whereby a metal 1is
directly vapor deposited onto a substrate and etching methods
whereby a metal thin-layer is preformed on a substrate and then
etched, as well as coil bonding methods whereby a separately

formed coil is bonded to a substrate, and printing methods

whereby a conductive paste is printed onto a substrate in an




antenna shape to formthe antenna. O these antenna-formng ”EthOds’FGWWNZWA
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 electromgnetic fiéld distribution and | ower sensitivity
of the antenna. Etching nethods are antenna-form ng nmethods that allow

easy ®BFARRE OWNIPE ANy rdf SANERRE “shape. However, they have required
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subst r%ffugﬁ'@é er @’ endl 8Os ol fhirgulclel, ese 5ayolvgdin niriredikht tirendi ng
netal coils to substrates, and therefore proﬁuctivity ggs been inferior
e
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t hensel ves. rrently, conductive |ayer formation for these antennas and
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In addition, the expensive equipment and working environment
inevitably raises manufacturing costs. -Another requirement 1is
safe disposal of the large amounts of waste liquids generated
during the etching step.

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

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

Currently, conductive layer formation for these antennas and

the like is mostly carried out using thermosetting conductive

pastes that are cured by heat. Such thermosetting conductive




coupled with curing of a binder resin. A phenol resin, polyester QQ§9UNIGW
the like is used as the binder resin. However, conductlve | ayer formation
with thernosetting conductive pastes requires heating at 150C or above and
treatnment tinmes on the order of half an hour or |onger. The processing
time for formati on of conductive layer formation for antennas, etc. is
therefore I onger. Furthernore, deterioration of the substrates on which
the conductive | ayers are formed has _al so been unavoi dable. On the other
hand, photosetting conductive pastes dre also used for conductive | ayer

formati on. When photosetting conductive pa tes are used, if | C ary
to renpeaterguAlellnEeRtalhys YA NG4S RS PerF QAT REHE a?t%§h?§l€é§
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phot osetting conductive paste. Conseguen é grlals wi .t h ?oorfggat
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Formt on gl Jerd.cured proghels nesul sl bl bt 80805 andopags rbsnd ng

resi st 8hcEPeAPY StéP ﬁBu noners ave -hi reactivity, there is
notablelbbebdenUUnaﬁbedahppllcat|on and mhlle thelr ol i goners can soften

the cured ppodugts ' hoh¥i §608i i Hnidie carel peatiesnarekassbt
difficult t%gpgﬁ% ?EBQ§ %%ﬁ?gp?ates aﬁﬁﬁahus it has been difficult to set
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medi unprierbeccappbbeeothe 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. Conseqguently, materials with poor heat resistance, such
%s 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. BAlso, 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.




enploying a material that has an inferior heat resistance as a substrate,
and to inprove productivity for radio frequency identification ne%?ﬁgﬁ @M
provi ding a conductive paste and conductive paste curing nethod, a H&
of form ng an antennas for a radio frequency identification nmedium

enpl oying the conductive paste, and a radio frequency identification

medi um  which are capable of resolving the aforenenti oned problens. A
first aspect of the present invention js to provide a photosetting
conductive paste having a surface resistance of no greater than 200 m/ sq.
upon curing by light irradiation, characterized in that the paste

conpri § BdOEt FHE PBYERFIMd a photosetting resin conposition in a
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dendri emplephdacti netpohadr thakll haray Wdsdderi Pe2pohaarSFered/2d 2 95/5.
In thesaBo¥eapeNt haRedophab P&eE t b AgHeondtialyl Yerpaatiep tregsenpyeferred that
t he photosetting resin conposition contains a ﬁé%ugg of .ap argmatic
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wei ght chati:ot0freOpAtt2&0Quriid/ debhodrurd meraode ofi forméngbaveaherRRd2nd
photosetting_cgnductive S L1ed f 8ot Babibbenghehesetting resin
conpos???oﬁ regﬁfa%ﬁgqgeﬁggt%ggn%%f%Ei é%gﬁkﬁﬁengequtgd? rom the group
consi stionguotivet hroxant Andeadepdiat fxaguenchildsdiidprahont Maetative, an

ant hr agyi. pgng depbyabh ke o 2Nde 381 8£¥4 Phas Ritidiemé n® 1 dkbld2pP4bbenxi de
derivative, and at | east one sel ected frqnlthe.gﬁfgg Fconsisting of an
a

acryl ate and &imsthaspgrat eI EBROLPREIERN LVSRE PoP8PV0%B17 100 -
10/ 100pnbkbkBekARGE conBut Bgvabpy et v vimed photfaset tengstendeacefvee paste,
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group coesiastemgzet sil tbatwkbh paspectdnrriswst seadactave 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 1is
preferred that the photosetting resin composition contains a
mixture of an aromatic sulfonium salt initiater and a non-
aromatic epoxy resin combined in a weight ratio of 0.01/100 -
10/100.

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

derivative, an anthraguinone derivative and an acylphosphine




of at least 100 n2/g, an apparent specific gravity of no greater tmayNcR0L
g/1 and a nean primary particle size of no greater than 30 nm a saturated
pol yester resin with a softening tenperature of 100C or bel ow and a nunber
aver age nol ecul ar wei ght of 1000- 50,000, a poly-vinyl ether resin with a
glass transition point (Tg) of -30C or below, and a phenoxy resin with a
softening tenperature of 100C or higher. A second aspect of the present
invention is to provide a photosettigg conductive paste conprising silver
powder, a photoreactive resin and at~| east one conpound sel ected fromthe

group consisting of a photosetting initiator an t 0S [.tizing agent,
wher eiqx ¥dfe dFHEHIY hadtd IaitgﬂteagébgBFp??gﬁcﬁ%‘giﬁ{lon'?im%ea C"e/\Ir/."}\ﬁ/'\e[;f ength range
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photosetting conductive paste comprising silver powder, a
photoreactive resin and at least one compound selected from the
group consisting of a photosetting initiator and a
photosensitizing agent, wherein the compound has a light
absorption maximum in a wavelength range of 300-450 nm.

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

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

In the above-mentioned photosetting conductive paste, it 1is
preferred that as the photosetting initiator or photosensitizing
agent is used at least one selected from the group consisting of
[4-methylphenylthio]lphenyl] phenylmethancne, ethyl anthraquinone,
2,4-diethylthioxanthone, 2-chlorothioxanthone, 2-benzyl-2-
dimethylamino-1- {4-morpholinophenyl}~1l-butanone, 2,4-
trichloromethyl- (4'-methoxynaphthyl)-6-triazine, Z2,4-

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




conductive paste curing nmethod characterized in that an ultraviol®p JUN 2004
irradiation lanp with infrared ray em ssion is used as a |ight source, and
a conductive paste is irradiated with light fromsaid |light source for
curing. In the above nethod, the ultraviolet irradiation |anp may
preferably be any one selected fromanong a netal halide |anp, a

hi gh-pressure nercury |lanp, and a xenon lanp. In addition, a fifth aspect
of the present invention is to provide a method of form ng an antenna for
a radio frequency identification nedi%n1provided with an I C chip and the
antenna, said nethod conprising the steps of: printing a thernosetting
conductimethusaminpbanpaster i R¢r 9l KHape of the antenna on a surface of

a substratepQpephiChat BRitE §Hpéct SoMiHY @desamd inveadiabi by the printed

surface of the thernosetting conductive paste. Wali dyrays g cure
the t hBEAB3EEt Pn§ORBHAGLY Y asb%s%hfr?%ﬁe,lﬁﬁgeb&;%ESFE B?%?soi?¥gdiated

ont o saidapeiintedveswebanewiay prefesabinansd tiear peahfalBd) rafs® A ¥ xth

aspect —of the_ptesent inyentjon_i 0 jd aBEh9de0bcE DR MhAg an
anteane$8V énr58F85fP£qﬁ§£%§ ?%% %Ti§§%¥%n%h%egiunlgrgviged Wi t gg I C
n

chi p apdefheabitehraatt heambt Aoe SeERPFILifFP FéesGEFYPoF P FhtPRg®any one

of the nUentiqaped, gopductiVed Pasd € iFurdihedfibernNathbapeddpatieen on a
substr8§29§§”9§h%cﬁ thgnlcﬁchgg_is mount ed; and curing the conductive
past e. PAS§@vBAYhcassesh 8f VPRAtpeseMtVsthvention is to provide a method of

form ng an antenRanf aspackadicothe epresent i dandrithiiopatisono medvigeprovi ded
with an I C chip and the antenna h nt en ; Q04 Zpbeing an
antenn&OBSHﬁFF§Fn€aétEOFPéanﬁaPﬁtgﬁgeﬁ %f%éghﬁiﬁggﬂgga%.crosging wire

sect i Oplsirhvabadtadressitheé onal Ampnyenmal minared 12y edAREdPPoASWHER%one end

of the main,antenna geaber,  t he.grEhod; +& QY dsSiing ithadshepa efirhform ng
sai d marnZanténna nenbe{ by printing with any one of the above-nentioned
conductliigbtpdsiom eidaldghst FAUECE of ORIy an | C chip; curing the

conductive pastfe aRfoval d@ndl,i skl altngvidler iialracdmpiiosi Agmpnmay
art | cPaS Eeaid Yo GrobER s PELSETEP FRE" HOSH oy erd Seetront "BbFing the
i nsul atiiRG-Patearsiale e rdhiryalieobet andr adien¢mwntamor ming the crossing wire
section Ont%ﬂ%@ﬁkﬁ.G%ghi%§%&%&EHQSB@E€r$f|tﬂé‘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 1s to provide a
method of forming an antenna for a radio frequency identification
medium provided with an IC chip and the antenna, the method
comprising the steps of: printing any one of the above-mentioned
conductive paste in an antenna-shaped pattern on a substrate on
which the IC chip is mounted; and curing the conductive paste.
A seventh aspect of the present invention is to provide a

method of forming an antenna for a radio frequency identification

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




connection wth one end of the main antenna nmenber by printing mjtf agﬁmmk
one of the above-nentioned conductive paste; and curing the conduc 5
paste. An eighth aspect of the present invention is to provide a nmnethod of
formng a nulti-layered circuit for a radio frequency identification

medi um provided with an 1 C chip and an antenna, the nethod conprising a
step of alternately lamnating a circuit and an insulating |layer on a
substrate to formthe multi-Iayered c%rcuit. Here, either or both of the
circuit and insulating | ayer may preferably be formed by printing with a

phot osetting paste. Furthernore, the | ti-layered circui referably
have a befimgc@ifo@ndeng? SRFRARALINA i ‘ﬁ?ﬂyedciﬁ%acjt gp%teﬁjg’apﬁlgg%ﬁtqalxﬁgeﬁti on is
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subst r atl ey i e GhEMg 81 TapBPy FRGU YR WY T 948Ut Tone fhe ant enna

| oop- f agppesl piedtassi gl Jidledi H@rt hhesubsss i@ watrd eectfisindi P rdd6t itH§ so
that the antenna | oqps .are.on t (08l and yridy e nmat ching
antenna“}'ﬂ'gfst.l%ﬁ%tgerrr‘?ﬁrle,byaﬁllle%ﬁ'gyg%?ggag%_:e%(?}%?lﬁhhe prese,ﬂrﬂ?t invention is
to prowistessaimd Gictd s evouiren vgteethedcord nbusil g th s &gy hto a
crreu tc&ﬂu%ﬁ&?yﬁrﬁ,0&41%@?0@%@059%55&@@1&@ wdraper W pafiorningy a

circuit on € substrate on which the IC chip,is to betsi.tuz%]t L A%
printi rgh W tamamneomE dhe R SoPe M APEO N AN ILOHI{R S Hast's; curing the
conductiye fasdetiwf payeonnecting sections with termnals of the IC

Cor 05 | b el <6 IR, s ol e g pancer|
substr ab€thod of forming a multi-layered circuit for a radio freqguency
jdentification medium provided with an IC chip and an antenna,
the method comprising a step of alternately laminating a circuit
and an insulating layer on a substrate to form the multi-layered
circuit.

Here, either or both of the circuit and insulating layer may
preferably be formed by printing with a photosetting paste.
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 freguency 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




by printing with an insul ati ng adhesi ve substance; placing the IC I(IF?UUI.
the nounting position; and therno-conpression bonding from above the

chip for mounting. These and ot her objects and advantages of the present
invention will becone clear fromthe follow ng description with reference
to the acconpanyi ng draw ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
graph showi ng refl ectance of a silver vapor deposition surface at
different wavelengths. Fig. 2 is a graph show ng absorptance of a
conductive paste in different wavel efigt h regions in conparison to a free
sheet. Fig. 3 is a graph show ng surface resistance values with respect to
pover sdmsturgtd ore pere Hritear dansh aPEUYEHI cohdtict? V& Ieastte °¥orrta case
wher e af. | Jf{ SLaf J!Jci;?ldfoafrdé?ﬁ J520m ;Wasqugsda & ﬁk?_tl@e Cagss AT AN the

ultraviolet 1rradiation | anp was used as t he ht SO rce.. FJ:{»% 4 is an
d

i
expl anaBANAr_G HPHIS A télﬂfst% ENSEGPPBr tPRRS 3h° a7ft € teccor di ng

L0 1he, PELSSHnd MV 11 Irl'_dtg:?znn@(é}lteﬁﬁB)loéléQ) 5(D), 5( E) and 5( F) are
illustrations of 'a process formation_of _an ant enna qh Q the
11Tus

present i nVaHtFRAEMOX & Meél(?d’fn@hFlajgecﬁ(ﬁf Yo %fije%ﬁ el ratl ons of
printing g &kase far TQrdmid meuwondgcmevbogasce mmant sl &t iy Pust e used

for the  method acgordi Rﬁ}sté]:%t%re%%@tmb?ﬂgélté&ﬁbrfé ANS Aeps

|IIustra‘f|on of " an exanpl e an antenna- form ng method accqording to the
presemf i nieminn.a Rigcwdt wrarkhd |56F§15F5FFGn°5fw}[‘h%h antentta HHR NG 5&en
forneq,. accardidy, tQ, tdhe RrHeSLRL thn ket b88. oFi ghe SabSvér e stersert i onal

illustration of a part of antenna formed. accord e
i nvent§RAUEE Ve P /a oW & |C8H§PCtFVEs??§Jf?gné%'fmln% cf%snsée}%:ttlln of

t he argeedfnfriaorf:orwmch acaetididlg tof tthe gceskhp onvene i swbsHiafe WI(A), 11(B),
11(C), %):2 an»?lt L( E)con c:tlt IS LIREIQ0S 5 sé‘Qn%a”P&BnPfing 'd?ﬁn%g) I C

chip al:(’:c presen i nvention. (B)
12 (D)smd:&s(ﬁ) rare mddnrsxtngamqmgloof O€héhﬁo£|¢|t¢h{sp s?fép*sh%lss

thr Ou% %Pf&éﬁlf@fﬂﬁ%@ﬁﬁﬁﬂé&ﬂg adhesive substance; placing the Ic

chip at the mounting positien; and thermo-compression bonding

from above the IC chip for mounting.
These and other objects and advantages of the present
invention will become clear from the 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.




chip mounting position by the nethod according to the present inventildnJUN 2004
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS <<Conductive paste>>

First enbodi nent The first enbodi nent of conductive paste according to the
invention is a photosetting conductive paste conprising ,conductive powder
(Al') and a photosetting resin conposition (Bl) as essential conponents.

The conductive powder (Al) is nost preferably silver powder. Also, for
control of the resistance value and sol der consunption, a conductive

powder of netal other than silver, suéh as gold, platinum palladium
rhodiumor the like nmay be added. The conductive powder (Al) used al so
be a m xtureigh.t @A) oanqimeea)diaf:feer:‘elritus;té\ﬁc}é%fwﬁhPaF?Fé?%nﬁl%F%%gf%/’i es

including . nean Lk €0 SLZEy e SPQET st 1Suih@Cpasteauand ftap deasity, in
or der P59§5 ngggﬁ%%kfggﬁo%tro? the:brjntingggroperty. Preferably (1) a
dendr i ietheodndactkdénpotelene ALe3eHndVEPta°8 -5 JUN 2004 10 scaly (or

flaky) condggFqu poWdgr i { Als2)a®d & Usedraexainpleesseahi aht epnponent s.
According to the present inyventjon, the deQd&h Egtgggductive powder (Al-1)
has a demwingi BeEhaPeafaPsdinyg efRrtt 56588 AdStermnate forms), a mean
particle sirgqgof s @s08nliDlhabyatisperi fihe smtkape hREANSfPHEB- 9ﬁmﬁﬁlg and

a tap density of 0,3-1, @tk (&), the scaly conductive powder
(Ai-2)aﬁ§§r§1§€aF§ 8§engE3é§ ape. —a mean particle size of 1.0. 10.0 pm a

speci fi ¢ suFfiace 9aneaaotros5-5e0t honagl and s twas 1o8eRSi fyPBFE1°9-5. 0 g/ cnB.

The conductive sRONMEAr ;Uegdaisy P& efid ahlesentcambienatioan of the dendritic
conductive powder (Al - 1)

) _ and"the_scaly ar. flaky .conducti owder; LA -2)
in a wei ght Figatil§ éF 60FH85§'§8?5?°%%%§¥'%Qﬁﬁﬁ? s Pgaétﬁgﬁgbo the total
conductysV e hROWERennkn'f c@fdar at GordPioVier ol @trielsielnitt yrwenhiPhe or ganic
conposition _i.n the_paste ai ni ng, t ndyct itvegpowder iG Ak trandohe
i mprove theF&ﬁgpeﬁééﬁiPi%§qg$’t2%(g%h2ﬁ%ﬁﬂve pomqgfﬂin the paste, the
conductdfv anpewaeiplies ofr ebenabhy subf@ctlek tas caFdhade tO L85t REREEBFt her
duringékg%ngﬁggﬂction steps or after production of the conductive powder.
The surfdce tredtnent agent USed,nBY "1, () and 12(5) 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 {B1)
as essential components.

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

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

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



be a surfactant or another organic conpound. The photosetting resi
conposition (Bl) conprises, as essential conponents, (1) a photoﬁgiﬂﬂmgmh
initiator (Bl-1) that generates free radical active species or cationic
active species wupon light irradiation, and (2) a photoreactive resin
(Bl-2) with a functional group that reacts with these active species, in
conbination at a weight ratio of 0.01/100 - 10/100. The photosetting
initiator (Bl1-1) used nmay be a publicl known one; preferred initiators
that generate free radical active spééies are benzophenone derivati ves,

t hi oxant hone derivatives, anthraquinone derivatives, ,

trichl seobpt hytt £1akihecdeduyhi Ve axowdede\iPghdd pRERe8RAd@3deFFvat i ves,

a- ydr oxyketone denbUALLYES: - Rsc MBIk ARG Lprk¥antVenvehenan] Nthe
deri vatTVves, “henzy etal derivatives, acridineg dﬁeratIV S,
car bazgerghehbaecdReneaive eBOWARhd( AGgi MaS GnSePRELESF, Sgﬂaepr‘a?%‘?r ed

initialgks,that tgensr ah8etEahi 9N £ -Ainid)e W aekaadspareialomaize sl foni um
salt compounds, 2 5 JUN 2004 11 aronatic iQ i umesal {2 d

conbi ngggén%-f’hé?‘eof‘. Sl?ﬁ‘élghf)t%‘r‘ a8 \Peferaes?%ﬁ%(%l?z)a ﬁsé‘%%@%&@qpubl icly
known geneitprefeotediresgiemt,haind dact thet hchtpecordietl ve peiear are
acrylate_c unds and.net ha t ggpp ngd:pretessed okegins that

r eact ﬁﬁ%ﬁggggFSnFcSﬁ%%?vgrsgé%#gsgé e’a%?cycqﬁ% époxy conpoands, oxet ane
conpoundsp ahkenespeidéicompofmds,arggd yafi di5-St-Re cHnpdRiist3d vi nyl

et her dse hngekt Bek /chtse rraNY: chwlcek vBDpsweoRPasadisistay al so be
used i%ggg%g?ngfion. The é(gcosit of the total phatoreactive .r SHEILBl'Z)
n

: . y
is prerefabryly- 8000TRPRETEEPPS P st it co FRRANFS 1gTaPaRE S eadi ng
with the gaRdusti ¥eapowder raaryt bendud iverpoydener®led) ok eheepabte, but
10- 2000 _nPas (cpoi ge) i re prefe E I @lhsOh ¢t RBer @@ehhVitYy it
is preFBFFBdO%oggégsa ERZBOS%QE? %é#ﬁ%“%éﬁ%ﬁ% %r%exanple a phenot hi azi ne
deri vatbounducaiveapbhdee.deri vative, a thioxanthone derivative, an

ami nobenzoi ¢, aghd dGLT VAL YEe BompdyAYeldy Ariamine eemRauad such as
ant hracene, "phenant hrene or perylene, or a _conbination thereof

reacti cAmRCEGisdEeR A8 FhRyBREXS EORPHLARI dhih & OSMSSdNE &FY %ﬁé(ﬁ?ieé Her e,
it is phefecabhypraddednat a@sPdr186% 1t ¥ hof edpectonduotilve weiglt éh the
) O eheind ! 3h8hckThe boudlf 1€ el A Y2 AN dBCLhivgapRuCer

treatment either during the production steps or after production

of the conductive powder. The surface treatment agent used may

be a surfactant or another organic compound.

The photosetting resin composition (Bl) comprises, as
essential components, (1) a photosetting initiator (Bl-1) that
generates free radical active species or cationic active species
upon light irradiation, and (2) a photoreactive resin (B1-2) with
a functional group that reacts with these active species, in
combination at a weight ratio of 0.01/100 - 10/100. _

The photosetting initiator (B1l-1) used may be a publicly
known one; preferred initiators that generate free radical active
species are benzophenone derivatives, thioxanthone derivatives,
anthragquinone 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,




phot osetting resin conposition (Bl) is preferably 50/50 - 95/5, and nore
preferably 55/45 - 90/10. So |ong as the photosetting properties df5tjoR 2004
phot osetting conductive paste according to the first enbodi nent of the
invention are not inpaired, there may be added publicly known conponents
such as silica, alumna, mca, carbon powder, pignents, dyes,

pol yneri zation term nators, thickeners, thixotropic agents, suspending
agents, antioxidants, dispersants, el ins, organic solvents and the |ike.
These are preferably added in a total armunt of no nore than 35% with
respect to the total weight of the condycti ov\zcle5 ?‘I nd the

phot osatemaet ¢ ektdPEoH o 1| SPTPEERSS ?ﬂg lereun referred to as
the resin ({3 phetofadttbee addad t(@lthe pkredioseytbmga cnmiu@tlrwécrpalslte
accordrngtotheZ JUN 200 2 first f_ 14 i may be a
publ i PN k TR 56\%5]63(5&%\ (]ats tﬁgr%ewmay ge@mr}nat(?locnateld%tﬁﬁ%rﬁ%ligtqﬁ ng

resi nsastighaes cqaimmdsr &'mchsnetépmtylﬂQSI penperehdii mnd ¢3igferifika resins,

xyl ene_ resin Ji:<élac‘{ caNSakir ggegvpoglyf%iéag d8SidiSicyaarid i ¢
resi nsTE TR AN~ 2% Hhe ure ane resins, etc ernopl asti ¢ resins such
as pol %Etb*ly| emr@otmﬂ:y,pr@mﬁlaeﬁe CO&@I%@?F eﬂeke‘A‘Bsoxi"eesﬁfg“ t hyl

met hacgeyg, 1 p@éﬂé/f NYdmEdhed dha vp.ewveauérdeaep@mcm de‘r,n real hhemy |

acet at VI nyl al cohol, polyacetal, car bona poI e
tereph@«hﬁ?at@ny HOP yBEITYP e & TERIHEH TP Kt E?Sé ?/p‘ﬁen Iene 5%(135%1%

pol ysul foneThe p@1y¢@gﬂey ®b| et rtertaaubhomexepotywaélmsﬂle (E}ﬂm%/)etlrﬁer et her
ket one, ﬁglg % ﬁ(/l ﬁnﬁ%ﬁsﬁﬁ 1?%' uo eise§| Li.cogecr '5‘§d el Jhestedmy be

used aPb WS 'of “nore. e sol vent (hereunder
ref er regle2ding \trh'ehsollwemnt(@t)l\tehaltowd@anabé BlE Rl $ B M Pb‘fﬂﬂ“o%’ie‘teﬁ ng

CO”dUCSJ:V@hga%é?téCCQuQ' 16- 3600 thi -fsl rehogBbpdi BAsr Ofpidieenaenti on may be
a publicl nown However, in order .to avoid_resi ue |n(§he system

after the CEPanonFé'a%t‘P%nth?trei?rcetflé’ﬂ&m Jthias BEBEFFTHY 1oiF9 ot no hi gher
t han gﬁggosgﬁaﬂpiﬁng sigle, hﬂdi.r mmipae aopendsh sacinasi¢ ol watieve, 2
cycl ohexangPBShég exan i e:’f.%’ﬁ% and; pep @Qe’ax‘?"&ﬁ’ﬂ%@en%@ as

i sopr opPPt t’oﬂ?yl et ones suc cycl ohexanone, net hyl
et hyl kefandermethybei 5@bprbwcxktehcmaﬁrmmtéf:hypmk@%‘i’\es‘é% #%ophor one;

eStersaﬁgﬁpaggnSEh%heﬁ&ﬁ&ﬁi@me 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 (B1-1).

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
invenfion are not impaired, there may be added publicly known
components such as silica, alumina, mica, carbon powdexr, 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



propyl acetate and butyl acetate; glycol nonoethers and their aceE%Lﬁﬁ% 04
such as et hyl enegl ycol nononet hyl ether, propyl eneglycol nonoet hyl m
di et hyl enegl ycol nononet hyl ether and 3-net hoxy- 3-net hyl butyl acetate; as
wel |l as m xed solvents conprising two or nore of these. Preparation of the
phot osetting conductive paste according to the first enbodi nent of the

I nvention includes, but is not |limted to, a nethod whereby the

af orenenti oned m xture is uniformy itated with a honopgeni zer or other
type of stirrer, and then evenly disggrsed wi th a kneadi ng nmachi ne such as

a triple roll or a kneader. The VISCOSIE¥ f the ot?se%ging gggductlve
past e Ad&stdrmgodinentNoSobRe 1R Y IR MaYs eﬁbga the Phvention is

preferall ¥xbfipMet0@8e r&omdy 068, ﬁ%ﬁkiﬁkﬁﬁ(unmIM®eﬁtmmngrdeﬁlna proki de

appropriate rocessability of r|nt| h k ft
pPPntPﬁBenoﬂtgF§lﬁﬁreeBPé¥gf%%}y Tronf%ﬁg%bG%gq“ 5888 %%gzng Qﬁlen%

phot oseksiing, canﬁydtmeelpastenaﬁtuw@M¢¢;HQiMﬂﬁ§erfFﬁ§ﬂnénbéﬂrwéhﬁ of the

i nventi_on u a eQR Pl Bhiingnheohbpehspiénting or
a publlcfﬁh%h §%gah giﬂgfnggggﬁ%égf%ESﬁgie%gﬁbstrate ggeregnAgg referred
r

to as th619§b§pﬁété5 PE}yeHBEHem%raP?ﬁHHHQE$}eWﬁowﬁ°&Hét ERCas anic or

9|aSS,r@slwgvepoqpmeeﬂp@vg@tﬁa@fy;h@g ipwngdamye thheirsde; organic fibers;
paper; a_conposité mteri al nE%15|q%6fhese with_a therngse&&o resin or

thernnﬁP&iVPBYFéQPﬁe ﬁpéngﬂg FRSFSIEri RSIEYERY 1ad poﬂyefhylene

and pobwp@aayteae ppolyyesbenatsucho hge tindlepet trelrepbthedephkt hal at e,

pol ybut e.t ht hal a y gng t hal:ate apnd,pahyahkyl ate; and
polylnP§ gt g % % repkgh ?% Q%¥ es ;yaq; P%ﬁé% agl gs golygcetals
pol yet peaysmuﬁsmepopaleyeenesubfm k@@lﬁ%llY&@ItfsuPPéﬁéther et

acryl ogilbhke- PBI‘}@EE?@en@t Yé@f‘@f?@&@idémrmlﬁ@o)‘x‘é' mglsigBl, oeitde, ThekeCOne
rubber, natura synt heti c rubber, et.c. | nproved processability

of pr|W?Wn§eaﬁéeF|§&BPFlP§ SR EARPLRATLEE o gyﬁégé TGBbStrates, it may be
subj ect ed tQh%h%EﬂQ%httKﬁakéﬁﬂﬁerSﬂ@fbfmbdanﬂasngh&genﬂvﬁnéaﬂﬁémttbﬁtprinEr

{reat ment, 2 L0 PRYSLAR! O PBLIBNIASUC AR 10003 s AL gR b egbent

pl asma S fr traV| nt or polishing treatnent. To obtain
a sheemhmhénrsheeuh@ﬂomentlﬁé ébﬁdh@Y¢W@“§h§ﬁg be a publicly known one.

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

Preparation of the photosetting conductive paste according
to the first embodiment of the invention includes, but is not
limited to, a method whereby the aforementioned mixture 1is .
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




according to the first embodi ment of the invention is used to f @SN 2004
pattern as a conductive |layer on the substrate, it is wusually applied by a
screen printing nethod. The printing thickness can be optionally
controlled as desired by changing the material of the screen (polyester,
pol yam de or stainless steel), the nmesh and tension, and the viscosity of
the paste. A preferred printing thickness is 5-100 pm and a nore
preferred printing thickness is 10-80 pm The light source for curing of

t he photosetting conductive paste actdrding to the first embodi ment of the
i nvention may be a z5 JUN 2004 14 publicly known one_such as, a 00
high-ptessueefhEECUeWbD@hm$ntsﬁbéﬂﬁiQWNBP6§§Brésnﬁ¥%ﬁﬁ§a$iﬁnfr?ﬂe&ﬂrodeless
di schagge, | 9P, g0BXpHeS |aFPiodPtal didleidecl pEpviaensppiammiace | aser,

semi conductor [aser, or the |jike. Hi gh-pressuyre marcurytlargps.ﬁanr1 met al

hal i depraapasabelispeef PFinpied eﬁff}dec?nﬁg‘é u§§18%‘“?‘ﬁ%i? FelB VetV hi gh
energylkniepﬁbﬁg FE&EE&QHl&Oﬂr?m m,\moeltepgnh,ooamgeaoi- 300-500 nm Thg
intensity of the light source. la i r.ef e m an

nore pref er YBEY EPEI85§F°%6t99%ﬁgg£ﬂé?4%ﬁY§ung%éeg%%%%ggé%dégéﬁx§or

phot 0sei ks BgeinBopinéetr abf yt HOOin&010GY hy/ eard AAdEaER e prat et &bl 8Y 500- 10,

000 mb] cg. .2, wayel engt Def 3006, 0l c300- S00uRT E9T ki BMD Vakei0bd Liing

vol ati F&**&bnPone urrng ir ation it is preferred to % Xt apose air
rel ease andtekinthat suhstaatei {heweurmsr refeRERd hPr d% et or éﬁﬁ? TE after

curingygh Eeu_S,QQS&gaseppfmycﬁy SEndi Y eGiced abocheaini t reat glead s bya oven

heating, hot air blowng, infrared rays .or _.mcrowave, | | at] efore
t he |iYRVen| PFaBPRAYPYRD g??éict?éa*q aqﬁfrggkﬁffoﬂro?kéééﬁﬁf%%%%ﬁ%ly with

the |ighpek’radiainbesitsomboagial ddmmvesingotheagseithya nbrapnesetting
deterioration such _a Lot atjon, heat rdnkade asakt 81 fg1ePihs tdaness or
car bonfZ3tFoRT ¥§G5P§ g% gégtggg%ﬁhﬁﬁgﬁﬁgTsthe gubs%rgteﬁgh% heati ng

t enper asupelivetpyékorabhg nolypytiylartfan POlyGEteaAdSERR ARating tine is

preferggh%e%B%EEﬂel§egEPHES§1a€3§”ﬁ$£¥bdﬂﬂﬂen@OW@bepﬁtpﬂlded,tO explain
prepa_r tion o phot osetting conductive pastes .a%cgrdw iltn d&gle fi !‘st
enbodlE@ﬁﬂ?thﬁﬁﬁnﬁhBPPhﬁaﬁ§gFﬁ oig rﬁ?%ﬁfﬁ%ﬁ?a%ﬁOtoget |n8. greparatlon of
phot osgblivagiaesdupbilyetpast esides, 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 nm.

The light source for curing of the photosetting conductive

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



Exanpl

es 1-18 (Preparation of photosetting resin conpositions) Th 5 JUN 2004
t

conpositions listed in Table 1 and Table 2 were m xed and stirredfor

| east 30 m nutes at roomtenperature while blocked fromlight to obtain
uni form m xtures as photosetting resin conpositions to be included in

phot osetting conductive pastes for the invention. 2 5 JUN 2004 15 [Table
11 Exanpl e123456789 M 240 100 100 - - 100 100 100 100 100

M 360- - 100-------- M 110---100----- BMS5- 55- - - - - 2 -EAQ5-------- Tri azi ne
B----0.5---- Triazine PMS - - - - - 0% - -- KT046------ 1- Lucirin TPO-----
----2- 1 1-819---2

publicly known one such as a high-pressure mercury lamp,
superhigh-pressure mercury lamp, electrodeless discharge lamp,
excimer lamp, metal halide lamp, xenon lamp, a laser,
semiconductor laser, or the like. High-pressure mercury lamps
and metal halide lamps are especially preferred because of their
relatively high energy intensity distribution in a wavelength
range of 300-500 nm.

The intensity of the light source lamp is preferably at
least 40 W/cm, and more preferably at least 80 W/cm. The
cumulative dose reguired for photosetting is preferably 100-
50,000 mJ/cm?, and more preferably 500-10,000 mJ/cm’ in a
wavelength range of 300-500 nm. For removal of the volatile
components during irradiation it is preferred to juxtapose air
release and elimination facilities.

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

Examples will now be provided to explain preparation of
photosetting conductive pastes according to the first embodiment,

and their pattern printing and photosetting.

Preparation of photosetting conductive pastes

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

and stirred for at least 30 minutes at room temperature while

blocked from light to obtain uniform mixtures as photosetting

resin compositions to be included in photosetting conductive

pastes for the invention.

a



D -M2222------ (parts by weight) [Photoreactive resins] M 240: AroniXx

M 240 (pol yethyl ene glycol diacrylate), product of Toa Gosei, KK. N3N 2004
Aroni x M360 (trinethylol propane ethyl ene oxide-nodified tri acryl ate),
product of Toa Cosei, KK M 110: Aronix M 110 (p-cunyl phenol ethyl ene

oxi de-nodified acrylate), product of Toa Gosei, KK [Photoinitiators
(Photosetting initiators)] BMS: Kayacure BMS ([ 4-net hyl phenylt hi o) phenyl ]
phenyl met hanone), product of N hon Kayaku, KK., 2-EAQ Kayacure 2-EAQ

(et hyl anthraqui none), product of N hars .Kayaku, KK., Triazine A TRI AZI NE
B (2,4-trichloronethyl-(4"-nmethoxynaphthyl)- 6-triazine), product of

PANCHI MTSA,leTm]am ne PM5: TRIAZINE PMS (2, 4-trichloronethyl-(4"-

met hoxys —G=tTt+qzH] TS BT oguc BANCEIV IA, "¢ KiU40" [EcaCURE KTQ 46
( m xtu gxéﬁj) 4.t e oy%lcn : S plh!buc d,]t Hlbl 0% 00
[ 2- hydP¥x949- met hyl - |- 199 (11 T vilnyD) phetS 1| 328okasle dnd

met hyl p@n26phenone deri-vatfi ve), ib@'é)duct- ol lanjerti {o.7 Uucirih TPO

Luciri JI’H)(A 2 of trLnel hyl be*nzoyl 1td|op1en_yl ghosph| ne- oXi de), | pr-educt of
BASF E—3-IN—20P4—36—181+59 o o — (=27 - rrfrmerhyroenzoyl )
phenyl %§Dh| ne oxifle)” prodict n? b2 <hect Il y Chbmical Co

[ Phot op2nEBRQi zi ng agent-) IjNBI5 Kayacdr e—DMB1 (i doamyl { p-—di|me” —

t hyl anfRpRgRnzRat 8), praducf of |Nhont Kayakuw.KH. [Tapl e-2]} — —
Exanpl PO+ 368 K5 B804 T00100 10001 S 87 --—--[00-—|
UVR- 61p5E2222880:>>- |1 imnena difoxT del - - 1do— w166 160
XDO- - - | KT0465 — — — — — — 1 — 7o
Lucirin TPO — —_ — — —_ — — 2 —
I-819 — — — — — — — — 2
DMEIX 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 Nihen Rayaku, RK.,
2-EAQ: Kayacure 2-EAQ {(ethyl anthraquinone), product of Nihon
Kayaku, KK.,
Triazine A: TRIAZINE B (2,4-trichloromethyl- (4'-methoxynaphthyl}-
6-triazine), product of PANCHIM SA,
Triazine PMS: TRIAZINE PMS (2,4-trichloromethyl-(4'-
methoxystyryl)-6-triazine), product of PANCHIM SA,
KTO46: ESACURE KTO 46 (mixture of 2,4,6-trimethylbenzoyl
diphenylphosphine oxide, olige [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.,



SP-170----- 3331 CP-66------ 3331 9-cyanoant hracene---0.5------- JUN 2004
phenant hrene--0.5------- phenot hi azi ne---0.5-- ---- (parts by wei g?]tr])

[ Phot oreacti ve resins] KS-800: Adekaoptonmer KS-800 (m xture of epoxy resin
and aromatic sulfoniumsalt compound), product of Asahi Denka Kogyo, KK,
KS-871: Adekaoptomer KS-871 (m xture of epoxy resin and aromatic sulfonium
salt conpound), product of Asahi Denka Kogyo, KK., UVR-6105: CYRACURE

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

(1-net hyl --4-(2- nethyl oxi ranyl)-7-oxabi cycl o[ 4, 1, 0] hept ane), product of

Elf AtDdaiem Grgadrk)®1Ri (kasdgi 4, O 1o0m¢ th 6Lbrnamedi GhedydPP@s@inét her) ,
product__ of  .Shi_nnj | K @y 1 KK ; : )

(1,4-bi%’TJ§J-ee)t'h - -ox_e{%afkny%llrl?gt ﬁgfé neﬂ?%}]lenﬁle%azlence%, product of Toa Cosei,
KK. [ Phithobtraanaicrie Rh@toesétting initiators)] SP-170: Adekaoptonmer SP-170
(ar omatgg sul F a0 RS aMeICQIRGURY) . p- BE REEE]1 OhirAsaftizderka agyctKKs, 2 5
JUN 2004 17 CP-66: Adekaoptone -66 (aromatic sul foniumsalt compound),

pr oductNigforndeEiaenkd -Kogyo, KK. Exanpl es 19-50 Conpositions A, B, C and D
as conduedpme zpowder were obtained by mxing Silvest E-20 and Sil vest

TCG 7 stlver—powderss—both 'yy Tg'fu_q;% HOTR e 1 KR 18t S_tgu'_i-y\/[ Wd. |
90/ 10 »&ﬁ&@l,—gsl-a-s—%-ﬁ‘d 7 b2t b —eprposi-tTon £ ai ned
by m xi R €% %est E- 20 Wt 'Ii{Pes ]"P sitver pbowdey hy [Tokur) ki
Hont en| K&K87lat 75/25 (w{/wt)]| Fhe|resip conpd8Pt) oms pbtai hed i ph Exahpl es
1to 1B —&108® xed W th gondu¢t We|pawdgrs aphd—di | neoent —so| ventp n [ he
propor tH Cparts—hy—werght ) —$hownnTabtesS a2 uphgg F St|rrery and
t hen si gar kheadihg with a (nna,;Er1
W-100 — — — — — — — [ 100 ] —
XDo - — — — — — - - 15
SP-170 — — — — — 3 3 3 1
CP-66 —_ — - — — 3 3 3 1
9-cyanoanthracene — 0.5 - —_ — - — — -
phenanthrene —_ - 0.5 — — — —_ — —
phenothiazine — —_ — 0.5 — — _— — -

{parts by weight)

[Photoreactive resins]
KS-800: Adekaoptomer KS-800 (mixture of epoxy resin and aromatic
sulfonium salt compound), precduct of Asahi Denka Kogyo, KK.,
K5-871: Adekaoptomer KS-871 (mixture of epeoxXy resin and aromatic
sulfonium salt compound}, preoduct of Asahi Denka Kogyo, KK.,
UVR-6105: CYRACURE UVR-6105 (3,4-epoxycyclochexylmethyl-3, 4-
epoxycyclohexyl carboxylate),‘product of Union Carbide Co.
Limconene dioxide: Limonene dioxide (l-methyl-4-(2-
methyloxiranyl)-7-oxabicyclo[4,1,0]heptane}, product of Elf
Atochem Co.,
W-100: Rikaresin W-100 (1, é-hexanediol diglycidyl ether), product
of Shinnihon Rika, KK.,
XDO: XDO (1,4-bis[3-ethyl-3-oxetanylmethoxy)methyl] benzene),
product of Toa Gosel, KK.

[Photoinitiators (Photosetting initiators))

SP-170: Adekaoptomer S$P-170 (aromatic sulfonium salt compound),

product of Asahi Denka Kogyo, KK.,




to obtain photosetting conductive pastes. These photosetting conduc? 5?@ 2004
pastes were used to make sheets by screen printing onto substrates™i Q 9
mmwidth x 1 m length pattern with a screen plate having a 180 nesh and
capable of printing in a thickness of 15 pm The printing thickness of

the printed | ayer was about 15 um The paper used as the substrate was

NPl - 55 by N ppon Seishi, KK _The polyethylene terephthalate fil mused was
Lumra 5, by Toray, K K. The curi ng feaction was carried out by
irradiation for 6 seconds in a conveyor-type -irradiation apparatus, using
as thec 'é@htaéeyégﬁt@n@'@ﬂ@é B TXRY GMNY¥ chalR Walh esmesthpar, of 4 kw

at 80 cmfor anples 19-31, and a nmetal halide lamp with an output of 4
kw at BOoRREkn qﬁ@rﬁﬁ%hpq)%%k%ﬂ‘woluﬁﬁ%r these conditions, the cumul ative
i ght anpbunt in a wavel ength range of 300-500 nm corresponds to about 2500
mi/cn2_for the hi gh pressure nercury |anp and about 5000 mid/cnR for the
met al PAETREST ahp. °For the exanpl es that enpl oyed sol vents, the

pattern priobeposstbshs ah e BASC i gndadl a{sectormdmhthvghpou@eerwm ng allowed to

stand «gf 3 mﬂutgfxm \?é ¢ QY8 aa%dﬁ%qgvegt%é@hth%é aotabl e
deterl%kr’ su% as c%l oration, heat ri nk ag sof tznl n rittl eness
or carbohthY|’bﬁkmskiofdwmt¢m df- ofat 80/ 28Ut/ HEbs BEH0 ¥k f ace

resi stgglgfsvrwtgﬁprg}l@eﬂg,p% agpdmﬂg a DC voltage and neasuring the
resi stance between the two ends etéﬁef-‘iy pattern after cHréggw% {jhe surface
n

resi st ance FEFRPRAFISR Reves GREALD T gare ! ¥ERfe ove). The
resul t i aves s houn-1 nsi Tabt gsoddandhy . Tdklatilkd BpnExanpKs. ,19aQO72/12E22 23 24
25 (wt/wt) .

The resin compositions obtained in Examples 1 to 18 were
mixed with conductive powders and different solvents in the
proportions‘(parts by weight) shown in Tables 3 and 4 using a
stirrer, and then subjected to high-shear kneading with a kneader,
to obtain photosetting conductive pastes.

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

The paper used as the substrate was NPI-55 by Nippon Seishi,
KK. The polyethylene terephthalate film used was Lumira 3, 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 195-31, 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/cn? 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.




26 27 28 29 30 31 Photosetting Exanple 1352035----------- resi nExanpl e

2----40--------- conpositionEranple 3----40-------- Exanpl e

| ----- 4020------ Exanpl e 5-45----- Exanpl e6-------- 45"'?P Era le 25 Juk 20k
[EEEEE R 4520-- Exanple 8----------- 45- Exanmple 9------------ 45
Conduct i veConposi ti on A6570----- 70---70-- powder Conposition

B- - 65606060- 5555555555 Sol vent | sophorone-------------- car bat ol
-2----2---2-- acetate butyl -3----- 3----3-- cellosolve cellosolve

-5----5---5-- acetate Surface paper fbstrte

1501121271001861679515611911075137123 resi stancenD. /sq.. PET substrate
180133- - - - 201 Fgstableg@ietesd ordg i oRe fHF R <25 ‘~'|’rif’g’h‘to’%«od’r"'cf?‘gt &Z‘er&“b\‘/ﬁ Ean 80

}/\S/CT) f%cgbfé}{ﬁ?g%ur&itrfqre@wsﬁ @R aBbhhz ozD6ne)wa FouldN 1200k 1 Sf] Takl e 4
substrates used.
The surface resistance was determined by applying a DC
voltage and measuring the resistance between the two ends of the

pattern after curing (the surface resistance hereinafter were

measured in the same manner as above). The results are shown in
Tables 3 and 4.
{Table 3]
Example 39 1 20 ] 22 | 22 ] 23| 26 | 25 | 26 | 27 { 28 | 29 | 30 | 21
Photosetting Example 1 as 20 35 - - — - - - —_ — - —
resin [ Example 2 — - - | - - - - — — - = =
composition
Example 3 — — - — | 0 — g — — — - — —
Example 4 p - — — — 1 40 | 20 | - - - — — —
Example 5 — - -— —_ —— - - 45 — — - — —
Example6 - - - - - - — — 45 - - - -
Example 7 - — — — = — — — — 1 45 | 20 | — s
"Eunple 8 - - — - — - - — — - — 45 —
Example 9§ - - — - — - — — —_ —_ — — 45
Conductive Composition A 65 | 70 | — - - — | 70 | - — — 1 70 | = —
povder Composition B — — 65 | 60 | 60 | &0 — | 55 | 55 | 55 — | 55| 55
Solvent Isophorone —_ - —_ - - - — - - - — - —
carbitol - 2 —_ — - — 2 . — — 2z —
acetate
butyl - 3 - —_ — - 3 — — — 3 — —
cellosolve
cellosolve - 5 - — - — 5 - — — 5 — —
acetate
Surface Faper substrte 150 | 122 { 177 100 ] 186 J 167 | 95 | 156 [ 119 | a10| 75 | 137 | 123
resistance wl /sq.
PET substrate 180 | 133 | — - —~ {191 ]13z] - — — [1%0{ — -
mi /sq.

Remarks: The light source used was an 80 W/cm high-pressure

mercury lamp (with ozone}.




Exanpl e Photosetting resin conposition Conductive powder (2/2)

33=3
53637383940414243 Exanpl e 104D40404040202025---- Exanple 11------- iﬁ$UN2W5
Exanmple 12---------- 45- - Exanple 13---------- 45- ----45 Exanple 14-------
Exanmple 15------------- Exanmple 16----------- - Exanple 17------- Exanpl e
18------------ Conposi tion A60----707070---- conposition B-60-----------
Conposition C-60------- Conposition D---60------- Conposi tion
E----- 60- - - 55555555 | sophorone- - - - - - 2----- carbitol ----- 5---- acetate
butyl------ 35----- cel | osol ve cel | osoktve----- 55----- acet at e paper

substrat e73105811038655494081B0O12980 mi //sq. PET
subst rdreb36190165%)3-9590101168152-125 ni | / sq. Exanrle444%4647481qqq
Phot osBlzENgEXanpl € 10- - - - - -32r PSP E%ar@ﬁe 39 . 38 rﬁw“d?itﬂthgﬂ

|_\J A IrJ_'I (
12- - - [ orotdietting | Example 10 20 | 40 | 40 40

37

20 20

resin
composition

Example 11

45

Example 12

45

Example 13

45

Example 14

45

Example 15

Exanp:le 16

Example 17

Example 18

Conductive
powder

Composition A

Composition B

Composition C

Coaposition D

Composition E

Solvent

Isophoronse

carbitol
acetate

butyl
cellosolve

cellosolve
acetate

Surface
resistance

paper substrate
efl /sq.

73

105

8l

40

81

80

80

PET substrate
m /sq.

130

150

165

101

168

152

125

(2/2)

Example

Photosetting
resin
composition

Example 10

Example 11

Example 12

Example 13

Example 14

Example 15

Example 16

Example 17

Example 18

Conductive
povder

Composition A

Composition B

Composition C

Composition D

Caposition E

Solvent

Isophorone

carbi tol
acetate

butyl
cellosolve

cellosolve
acetate

Surface
resistance

paper substrate
mil /sq.

57

46

55

32

29

57

57

PET substrate
mf{) /sq.

131

103

107

95

sC

183

143

Remarks:

The light source

used was an 80 W/cm metal halide lamp (with ozone).




Example 13--------- Example 14------- Exampl e 1540------- Exanpl e

16- 35402020- - Exanple 17----- 40- Exanple 18-------- 40 Conduct i vg&aJNa8Bit i on
A- 656070706060 powder Conposition B------- Composition G------ Conposi tion
D----- conposition E60------ Sol vent | sophorone----2- carbitol ----5---
acetate butyl ----3-- cellosoive cellosolve ---55-- acetate Surface paper

substrate 57465532295757 resi stancenD /sq. PET substrate
1311031079590183143 nD /sq. Remarks: The |ight source used was an 80 Wcm
metal halide lanp (with ozone). 2 5 JER 2004 20 [Effect) According to the
I nvention there is no need for the sintering step which has been essenti al
for cohdbfecve pastes subjected to photosetting by the prior art, and thus

|t becomes A99§§Hib.+1§ 18 0L mmpl%tﬂ ¥@RALLErAS MeLd AosSupface resistance
of 200 n@Q sq ss primarily by photosetting al one. Furthernore,

becaus@intghring r # BEP avh ol oS It &F SEREIpLoERESCHYIRREL W RASHS a few
secondsybPe Bt E@W 81 PHEESs e SEDGY iKY tHRSprRLedHEL| VARY @6k it becomes

possible to form conductive patterns with a surface resistance of
200 m/sg. or less primarily by photosetting alone. Furthermore,
because light irradiation can shorten the process by the order of
a few seconds to a few minutes, superior mass-productivity and

lower cost is possible.

Second embodiment

The second embodiment of conductive paste according to the
invention comprises at least one type of processability of
printing/bending ability improver (F2) as an essential component.
The 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
improver (F2) as essential components.

For this photosetting conductive paste, the conductive
powder (A2) and photoconductive resin composition (B2} used may
be the same ones mentioned for the cdnductive 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 mentiocned:

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

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




| oner cost is possible. Second enbodi ment The second enbodi ment of 925 juN 2004
conductive paste according to the invention conprises at |east one type of
processability of printing/bending ability inprover (F2) as an essenti al
conponent. The second enbodi ment of conductive paste according to the
invention is preferably a photosetting conductive paste conprising a
conductive powder (A2), a photosetting resin conposition (B2) and a
processability of printing/bending ability inmprover (F2) as essential
conponents. For this photosetting condlctive paste, the conductive powder
(A2) and phot oconductive resin conposition (B2) used may be the sane ones
menti oned f @aithereapatnylvetpondtess{nd widida phesestrepagtieni point

conposi tion (Bl) .describe b T roc ihi of i Nl adi ng
abiIitﬁEngP%vééo(EZfr %ﬁgoge?gﬁri%%gnaﬁ?c%éﬁggfgnggoﬁj?Egé %ggggggpecific
surfacefaBd8F Cemtil| apparent specific gravity and nean particle size, or a

pol ymer co nd oy | 9k apse £4:aN81d itN cNQyBherSPBEI bbLahkys there may
be nentionggggzifwgbﬁrgakgféﬂ£a§§%ecifiéisurfacg a?ég of gt. eas? 100 n2/ g,
an appdesavedpéepni bigPAoNeY ePTPRIRFRANE PRSA1ISENYAIIBAGVA HeBn prinary
loaréI i cgeﬁ};ﬁ%n ft@%pﬂ&@_@-‘flgéKﬁf')am@Q}‘ 151 (Hi@heexglfblrfexa’n‘:ﬁ@st LEROREFe ﬁOOCF,
products_of Ni.hon Aerosi ii turate ester resins with a
softenﬂﬂ&oteﬁﬁéBgtuPéogB?tiO@E:%Nﬁ%é%gaﬁaﬁéogynuﬁgéy'average nol ecul ar

wei ght of 108@se500ABRiphoe exaimberved rowcEd8abilddtryprddreindingoyad
Boseki , KK, 2 N 2004 L] | Wi nyls, et her cLaskAgeWhbilead 8Lass
transiPFBﬁl% iﬁP§lg#B)%pr§§é%éo¢£%ﬁé¥%ﬁ¥ rdg%agglg,_Lutoﬁg? Nﬁo A25,
pr oducpsnneteBASFUCSELY e th}hPHé#URyﬁ?e@ﬂnsbﬁrépéfﬁﬁﬁgnﬂotﬁfi§8ﬁ§}s or
pol ynegs scdekiyedsf ka@ bhaphgaol ovormapndse 2igd ogpicell gihypdihnkhei tasa

softening tenpérature of 10QC or higher, (for exampl.e, . Epikat 010, 4010P
produc®$ ™ df 2YuRRISHERR ) EpBR ,bkléél?gﬁ%tslealcé’ﬁ Wf'ﬁﬁtlé"ﬁéfégf]m%}l%vgé

processakinihb} efopsilibhkbggand tienchsy cabidimy byhpseudeycbessbedki ng due
to cohesiyg BRUGh 2LnfsnREURALC,PILLEI] Rylag case of (1), by increasing
the tofaP™®vPEcasi Y 6f "the T nk and 1owering the Tg of the filmin the case
The ratio of the weight of the conductive powder {AZ) to the
total weight of the photosetting resin composition (B2) and the
processability of printing/bending ability improver (F2) is
preferably 50/50 - 95/5, and more preferably 55/45 - 80/10. 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 - 929/1, 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




of (ii) and (iii), and by substantial polynerization due to ey NN
crosslinking in the case of (iv). These nmay be used alone or in
conbi nations of different types. The ratio of the weight of the conductive
powder (A2) to the total weight of the photosetting resin conposition (B2)
and the processability of printing/bending ability inprover (F2) is
preferably 50/50 - 95/5, and nore preferably 55/45 - 90/10. Wth this
range, the weight ratio of the photosg%ting resin conposition (B2) and the
processability of printing /bending bility inprover (F2) is preferably
1/1 - 99/1, and nore preferably 3/1 - 80/1. Alsg
curablPPUyPBPlﬂﬁéYCBHHHEtPU% PSP Vee IPHioN G F o Ph%vgé 0%%5 %Ent of
the inygat k0Btkms BOteri Opai eeding hora: mimy, betaﬂdeﬂetablheh@@nduw¢1hbupaste
any publicly, kno onpopent h as. si| a car bon
ﬁénPS agégr gg P o X %xa#%%ES LHQ}Qam

powder PO1Bfg WETT zati On terntnators. thic eners,
th|xotmeptmoagénthpseuspéﬁdrﬂ@ g efns, thentriesinddhAl s, di spersants, resins,

organi ¢ sol ¥gt 5200 bRerhike o JRecs e 1 ek caRUnbe AYdgLedcet Nenan

conductive paste "according t second enbodi nen he in fntlon may
be any35buEFFblyeEﬁéﬁﬁ Bﬂethﬁst%ﬁéﬁnﬂ%%$hFh€FetﬁﬁyCBBdH%E%Y%n%%F fose

referredzio tae phetbestPih§) resThecg@losdntionhab2mayndethedded to the
conductive paste. accordi

to the second.e dipent of th nvention nmay
al so bB*9°853aR1508Y 95 Eﬁg bh%ﬂfgﬁ?gaﬂﬂnﬂ? gbg Rever:t fﬁz%rder to avoid
residue in ThbemsysbanbafpEEpahen@thempqnaummlaﬁ pastpre¢e¢a®199hﬁ% a

boi | ngy poLAL, gl . Hq]gggeé?ﬁ%f%ﬁ%ne&whgssmsr95 NBYs be;pa@nt i oned

t hose refefred” t ot al t hese addltlves is
pr ef er abbyeno @heaVéﬁCPhahy SEub % tePHBETdMe PBSEReEHPATINRI TRt ™Y the

CondUCEbEQFHO@ﬂSBdlﬁéglaofheh@hﬂﬁﬁﬁﬁﬁﬂmﬁgjr@&bmeEQBWQSfibﬁnlﬂﬁﬁ)t@nd t he
processani i1 t

g of printing/bendjng a |I|E¥ ngrgv é % T@e nmet hod of
prepar n§OPnBLLoRBACEI VEPBASEL R COTHiNd T &X VA8 sBRBhEPEhDodi nent of the
|nventpeacesshbelsayanSPdeﬁtin@aﬂuiahﬁmgh'fhecknseesafyeofpthetwmmduct|ve

paste 26coLdngel 8 Lhe..Be00RAEMBONqP; Sbot Beol AseDLion i preferably
from 1000t o0 9 ?cp0|se In orger to provide appropriate
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




processability of printing and enough thickness after printing. It is nore
preferably from 10,000 to 500, 000 nPa-s. Wen the conductive pasteld JUN 2004
according to the second enbodi nent of the invention is used to forma
pattern by screen printing, offset printing or a publicly known nethod
using a coater, the substrate used may be any of the exanpl es nentioned
for the substrate (E) above. The nethod of formng a pattern on the
substrate using the conductive pastezgccording to the second enbodi nent of
the invention may in conformty with“The exanpl e descri bed above. The

i ght source used to cure the photosetting co RY a . AGC i to
the setBhECERDLBAFHBAES of W%%niﬁ%%ﬁﬁ??ﬁyﬂﬂa Sgpgg%géh gﬁg §%§fﬁ§§e8§gfe red
t o aboxeatExaupl RStek| kenvwr ey peash deicktiureexpl aepmprepaeserane of the

conductjve pastes ag ' t h ond e LYENas20d;i L pelr copattern
printiHg°§ﬁ§e§%6PSS%ﬁ??%éegﬁigﬁiﬁ§¥§,'-g%“b o?ggggt[ﬁa resin coﬁ%ositions
and prooié§sabitit ysolveprpavdery/ wendiingdatiherey ithpibver §therersi #8¢ ni xed

in thepkahi QfecatPRAERAPHgWELINEAr L1 &d &St RitablexbeaRdrstor bpdalinar at | east
30 mnufes at roomtenperature while blocked fro?bglght to.obtain 2 5 JUN
n

2004 2BhaRPFBERLATXxFAPEYC EHHBPHREES SHSPTUiPYsbPu & EAPPT ed out by
heating. AftReskephotbBgteanl tbxdud€ite pazamst ewper asudeforhecreen

photosetting initiator. was_added, t m xt.ure was Stir t Lformty,

siIverpﬁbﬁﬂngmﬁgtﬁiigasfﬁ%F%ﬁj%% Tn é“%f?%?grf gng hﬁﬁgg?-gﬁéggk neadi ng

was cawlitkdaost rekhhpaakeehseing oa ol Qimeslpkodoserebhg eénHuenF¥BIpast es

accordingyt g BQ@ts: %ge%' AR. ThgRsepholasat tdfnﬁlhgpggﬁﬁftbbi&e19?§}eﬁawere used
X 1 m

for screen %rln onto substrates In a 1 nmw ength pattern
W th aakergeASpPBte having a 180 nesh and capable of printing in a

t hi ckness ofrhi5pRperTheeihhskips ss@hs ¢ e Phiait @G 1-aPebywasppabostiibium
The paper used as.the _substrate 5&%-55.2¥1Ngggona§e%ﬁgkra EK.b$he
poIyeterenghFeP8hHFﬁ5Vg?ﬁefF?ﬁ?%ﬁih? % mT 8580 BS® Toray. KK CYhe
curingTeeagti BK.was carried out by 5 tinmes' irradiation wth a
Conveyor'tyﬁﬁeiEEQQhatEQQC@EQﬁrﬁéyscégrﬂgdﬂdgtnbyu%i@gm@s' 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 coleoration, 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 Tabkle 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 e’
for measurement at 25°C, by a procedure involving: folding inward
while adhered and applying a load for 30 seconds - removing the
load and standing for 30 seconds — folding outward and applying a
load for 30 seconds - removing the load and standing for 1 minute

— measurement of the resistance value. The results were




160
UVR-

Wcmnetal halide |anp under conditions of 1100 mMVcm 2 (neasured “lay
T35, product of Topcon, KK.). No notable deterioration such 'gs JUN il

col oration, heat shrinkage, softening, brittleness or carbonization was
found in any of the substrates used. The surface resistance was determ ned
by neasuring the resistance between the two ends of the pattern after

curi
was

ng. The results are shown in Table 1. The processability of printing
general ly eval uated based on ink spread, plate dropouts, fine Iine

pitch, reproducibility, etc., and de%ﬂgnated as (c)= very good, 0 = good,
probl ematic or X = uncoatable. The bendlng ability test was carrled out
n

usi ng axgrkgsedybyndrfﬁéaﬁtmggﬁtrf\?ﬁﬂtfﬁiaalc@r o8

§e€f1PBﬁ&I ofrted ofr alfoit 20

ce - oL BPASW e Aln29G oA IaCedurs, Wl WG ahal §hng bavard
whi | e &dh edpand applying a for 30 seconds renoving the |oad and
st andi ﬂagSﬁo#SS@- nerse r -+ dqrn@f@&ﬂ‘\ﬂﬁﬁdaéng -applying a load for 30
secondsETagléempw ng the | oad and st andi ng for | mnute -. neasurenent of
the wit et vu.l u.,.51l IU52I o&gl DSQV\KIss ¢_ 53 ) 7 )'43327'( Sﬁxf rﬁbﬁea.l I[.y62 €3
eval[lr;fﬁlvéﬂlg T RS STRTEEE| VAl asxg¢ o | +530d 032 [ess | oS | @z dvea |+590land
+10%vreed esqdTas70, pvar | k0 oan 1182004301 13 ¢ H53321 Bnd Hydr 13940048 dr 13
br egReryer=xs" 3 avpl 85 5554555657 . 206859606163 163 52) e.s | 7.5 | - -~
Si 2\eTE- D05 qababaopo2opsat5254525T— Tttt T — 1 -1 = [ = [ - | =
powder TCG 7 F433 1 SESTSESTSTISTIIIIITS - - 34 | 30 | - - - —
Photlor eact - | [[ERTERE SF2I3P303P-—-19-51. 5-1 Fvé Fesl rcl|T exijgesllA7R-| & 10 5-|-
| -- |l - 3430- -[556~ RS} 80U} - 3480-- 1 BEID> 60125, 22, B- —XIDO~-3430] — | 3¢ | 3
Phat|[Fee*td-[SP11/00] 850] 360] 3561355 10:3350:33%0:38%- 01350350 | PR3 [P35 | ©-35
NgCH-B60.35(.5808. 35P» 359036 .0350.035{-005 3505 50 56. 35~ | 0-35| 0.35 f 0.35 | 0.35
processabi~ | Aerosil 1 1 _ - — 1 — 1 _ 1 - 1 -
lity of 200CF
printing/b- ['Vylon 500 — - 5 - - - 5 - 5 - 5 - 5
Tmprover Epikote _ _ - _ 5 - — - - — - — —
4010F
Prneing olotelojefojojolojotofofe
:::f:::nce zﬁrate 48 49 49 1) 43 4B 50 52 51 47 31 79 78
(mfl/sq.)
PET
substrate 82 - 90 102 111 81 90’ @5 10l i1z 122 130 140 133
{mfl/=sq.}
Bending test © © (@) O & [+ O (3] &) O O O O

[Silver powders]

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

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

KS-800: Adekaoptomer KS5-800 (mixture of epoxy resin and aromatic
sulfonium salt compound), product of Asahi Denka Kogyo, KK.,
UVR-6105: CYRACURE UVR-6105 (3,4-epoxycyclchexylmethyl-3, 4-
epoxycyclohexyl carboxylate), product of Union Carbide Co.
Limonene dioxide: Limonene dioxide (l-methyl-4-({2-
methyloxiranyl)-7-oxabicyclo[4,1,0lheptane), product of E1f
Atochem Co.,

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

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




initiator processabi-Ae=osilll lity of 200cF printing/b,-Wlcn 500--5---?555
endi ngLutcrial --5------ ability MA0O- i ikote nproverrr 5P ,. LPSBUNI
processability of aD00000000000 printing SurfacePaper .

resi st ancesubst rat e48494956434B50525147317978 PET

substrat e82901021. 118190' 95101112122130240 133 | (ml/sq.) Bending test@ al
@i 0-001 0000.01 O [Silver powders] E-20: Silvest E-20, product of Tokurik
Honten, KK. TCG 7: Silvest TCG 7, product of Tokuriki Honten, KK

[ Phot oreacti ve zesin5] KS-800: Adekaopbonmer KS-800 (m xture of epoxy resin
and aromatic sulfoniumsalt conmpound), product of Asahi Denka Kogyo, KK
LTVR- 6405duCYRACURE= UsRs €1 05KK 3, 4- epoxycycl ohexyl net hyl - 3, 4-

Spgiygi?kngégktgg 9§¥%§g§§ nJgroduct of Union Carbide Co. Linonene

nonene t hyl - 4- ( 2-
met hyl 8RrLafy| J)\dekaenabmeyc%fll a, anm}ﬁtaﬁe)sylﬁpadumt splt B émp@meEhem Co. ,

BEG 60§£O&ggr(§§iﬂ5§§p§9ﬁg eﬁ;@@&nq{@)gi de-nodi fi ed bi sphenol A
CP-66: Adekaoptone CP-66 (aromatic sulfonium salt compound},
product of Asahi Denka Kogyo, KK.

[Processability of printing/bending ability improvers] _
Aerosil 200CF: Silica Aerosil 200CF, product of Nihon RAerosil,
KK.,

Vylon 500 ({(specific surface.area: 200 mzfg, apparent specific
gravity: 30 g/1, primary mean particle size: 12 nm): Polyester
Vylon 500 (softening temperature: -20 to 10°C, number average
molecular weight: 5000-25,000}), product of Toyo Boseki, KK.,
Lutonal M40: Polyvinyl methyl ether Lutonal M40 (glass transition
peint: -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 €, and these were evaluated after printing and

curing.




epoxy), product of Shinnihon R ka, KK, XDO XDO (1, 4 -bis [ 3- ethyl - 3
- oxet anyl net hoxy) nethyl ) benzene), [Table 5] 25 product of Toa C??qim 200K
(Photosetting initiators] SP-170: Adekaoptoner SP-170 (aronmatic sulfonium
salt conmpound), product of Asahi Denka Kogyo, KK., CP-66: Adekaoptone
CP-66 (aromatic sulfoniumsalt conmpound), product of Asahi Denka Kogyo,
KK. [Processability of printing/bending ability inprovers] Aerosil 2000F:
Silica Aer.osil 200CF, product of N hon Aerosil, KK, nylon 500 (specific
surface area: 200 nR/g, apparent spectfic gravity: 30 g/l, primry mean
particle size: 12 nm: Polyester Vylon 500 (softening tenperature: -20 to
10C, ndfbkieadbrage nolecul ar wei ght: 5000- 25, 000), product of Toyo
Bosek[cofebative Bampiona]  WAO[_ ol visnyl| thyls ethet Hut onal M40 (gl ass

trans| &fen [Fodont . - AQF? 1n|5‘£1ri 15?2 o lfj S _ _%é“‘ ote 4010P: Epoxy Epikote
4010P|ES &5 Apetatindl 13081 —predissfof—rdka Shel| Epoxy, KK

tore- a5 0 7 T : ,
Corrpa'ga:ﬁivye f es| 1°6 Phot ofetti g conductijve pgdstes were prepared in

t he shrein NHWAFEF0AS anpl es 51-63 W th tlhe- cqnposijti ons (parts by wei ght)
listefl in T{F@0%6, ahd-t hese wer e evaldfiafled-afiter grinting and curing. 25
JUN 2p04 26 [FRafEe_6) conbarat | ve Efanpl 41253246 i llver E- 20525652525252
powdel TCJ. - 471413131313 Phatote-— 1il ntn( 'Q:Qdf d 75- activedi oxi de

resi n[ RT3 4s. - - | 18<egn 30, el 3° BE@-@-G-E—i—g-éE—E 5.
ttng CB-66 0.35 6.30 0.35 - 0.35 A-(
initiat-
or
processability of Fay Fa [@] @] Fay Fa
printing
Surface Paper 55 45 57 70 31 79
resista~ | substrate
noe (ml /sq.)

- FET 107 98 131 134 130 391
substrate
(mf /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 ym or less and to plastic and paper
substrates with a thickness of 50 um or less, whereby such
circuit formation and circuit formation onto plastic and paper

substrates is thereby facilitated.

Third embodiment

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

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



XDO- 35 Phot ose- SP-1700. 350. 300. 35-0.350.35 tting initiat-

CP- 660. 350. 300. 35- 0. 350. 35 or processability of 00 printing SurfacéIRRNe0
resi sta- substrate 5545577D3179 nce(mO sq.) PET substrate
10799131134130391 (MO /sqg. ) Bending testxXXXX A conparison of Table 5 and
Table 6 shows that the pastes of Exanples 51 to 63 were nore satisfactory
than those of Conparative Exanples 1 to 6. [Effect) The photosetting
conductive pastes according to the second enbodi nent of the invention have
the merit of rapid curing by |light i4tadiation, coupled with vastly

I nproved processability of printing and bending resistance of the.

phot 0S g4 t & Nga GONEhGtH VERnPasifeSOOTHEY oan di EBIBHRHIHTEL TP & FEH"

formatign a row pitch of 0.20 pmor less and to plastic and paper
substr%fe%%vi??n ggﬁhﬁlr&kness of 50 pmor_ | ess, whereby such f

ormat on and Chisubasé prwet | GBFES MeV ol Dabrt CRUERE rifes ™ s
thereby facilitated: Jhidd: endbodiiFaelehie types dipabodimemeard worducts ve
past e é%&(e)r%l ng %O %h% I nvention Is a %hgt OSGEtI nQnCQcheLECtéé’e paste
conpri simg, aspecific surface area and ta ensity,
satisfactorily control the printing property. In order to
improve compatibility with the organic composition in the paste
of the powder and to improve the dispersability of the powder in
_ the paste, the conductive powder may be subjected to surface
treatment either during the production steps of after production
of the powder. The surface treatment agent used may be a
publicly known one.

The photoreactive resin (B3-2) is a reactive resin that has
a functional group reacting with the generated free radical
active species or cationic active species, and there may be
mentioned the same compounds mentioned as examples for the
photoreactive resin (B1-2). A greater average number of reacFive
groups per molecule is better for rapid curing, but an excessive
degree of polyfunctional properties results in considerable
curing shrinkage that produces wrinkles in the coated film, and
therefore an upper limit of an average of 4 per molecule is
preferred. 1In any case, 2 or more different types of the
photoreactive resins may be used in admixture.

The total viscosity of the photoreactive resin (B2-2)} 1is
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



essenti al conponents, a conbination of silver powder, a phot oreaﬁi ﬁ:
resin (B3-2) and a photosetting initiator (B3-1) or photosensiti I‘Ié a‘l%nt
(B3-3) having a |ight absorption maxi mum 2 5 JUN 2004 27 in a wavel ength
range of 300-450 nm wthin the wavel ength region of 270 to 700 nm In
this case, the silver powder may be a m xture of two or nore different
powders of different types including nean particle size, specific surface
area and tap density, in order to satisfactorily control the printing
property. In order to inprove conpatd®ility with the organic conposition
in the paste of the powder and to inprove the dispersability of the powder
in thedqasd etlde abrdeciti sabpeater smay S bec s ublhectrerk 10 SRtfEdatedr eat ment
ei ther, during .the producti S : e r i O et owder. The
surface trest Mt gcgheen;é%t?sr%& %%ngﬂél@%%bf?%l6%%%)1%5”%3‘1_@&

phot oresacttate aresine(d33-can be aeceavevbyrewhbst amegs Heth d¥dHcti onal group
reacting yith dhe,aenendl e iose 3280hfitbus 26V CeoRRA oo &R [ oni ¢ active
speci es,” a ere may be nentioned the same conpounds nentioned as
exanplvevdlgnatie enshot gheetfiore r 8SLRI( BP- DY1T1aEYr £f 1 SV drdfd nunber of
react i t IHPUPRS PIoIETH @ainS abatibee PRotospteiwurieg, Was an excessive

degree of pol yfunctiopal properties results_ i consideg I ridg,
; i b
shri niGRJE edprddtﬁ?é:g"sa gr‘?lﬂuec‘slbl‘aﬁaflﬁg g af%gl?ﬁlrﬁm an ﬁhoe‘:'r:kleﬁ’frJ r e an
upper mdtdls.0f gy efmge wfisd apeorpblieoueve senptief drowaizen.n iy case, 2
or more AifJ & eile PSS Y <LNGndRROLRLEICTbNEr | CRANISHIBY SR riSCfhalc
adm xt'ure.”-The total” viscosity of the photoreactive resin (B2-2) is
pr ef ertdid Yl IR 000 sdrw e poics &)t 45 REETRA2bE RO tRiGRF it * ¥hddding with
the silver HOW]a(,asub dig PriniliiR@ okl QBSL 1] €61 Opho t dite B i 1 I tagkrt2000
nmPas (cpoise) is nore preferred. AC%OI‘dI nﬁgtg,t is e ‘i?f?é ent, a ..
phot osEt11 g 4374 i3ATBE t0) e FRIFISEMRPEIDTRY Agert® (B Y used
whi ch s we |d ghib 1 RSO NHGWN oiRXi MAB ERampWay etlead maarige ment36@e450 nm
within. the wavelength regi.on of 27Q to E pﬁl{gklﬁeq.}'lvity of silver
is st Fgrhotpoalsgeé‘:1;:"?1%19 of T HE PHYS| ég 1346 g%%%))-e 119dn, )}Ma]r uzen, KK.),
wher e Shdwelndtshahown o reraniplieng KayrefikecBiYi tyradg 0% At PHRS™ at
300- 3219&);'@1(,5659(]:,' Bpsdrpt i Y& idR&Or B3s! hah! ethyl anthraquinone
(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)-l1-butanone (for
example, Irgacure 369, trade name of Ciba Specialty Chemical Co.,
absorption maximum: 320 nm}, 2,4-trichleoromethyl (4'-
methoxynaphthyl)-é-triazine (for example, TRIAZINE B, trade name
of PANCHIM SA, absorption maximum: 380 nm), 2,4-trichloromethyl
{4'-methoxystyryl)-é-triazine (for example, TRIAZINE PMS, trade
name of PANCHIM SA, absorption maximum: 375 nm), etc., and the
photosensitizing agents, isoamyl p-dimethylaminobenzoate (for
example, Kayacure DMBI, trade name of Nihon Kayaku, KK.,
absorption maximum: 315 nm), perylene (absorption maximum: 430
nm), etc. Any of these may also be used in mixtures of two or
more. The absorption maximum wavelength can be easily confirmed
by ultravioclet/visible light absorption spectroscopy..

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



in this wavel ength range, causing an energy transfer that can 2 5 JUN 2%8
28 excite other adjacent substances. Since the energy contributed?3 UM &
than the energy that excited the silver itself, the excitation-energy can
be received by substances with [ight absorption not only at 300-320 nm but
even toward the long wavelength end. Therefore, using an initiator or
sensitizer neeting this condition can achi eve photosetting that was

consi dered di sadvant ageous because of Jeflection and bl ocking by netals.
Apart fromthis absorption mavelengt however, the energy transfer rate

is undesirably | ower, and thus eventoward t he Ionga vqele %%d it is
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maxi mum 38559n)50210@@nq?|t§§(ﬁﬁﬁgct of the inveéntion is not 1

thyl ampeszl- ﬁé« ”Bépgl@ééaloﬁ&mcll)y chdwhalaempo(xéﬂts swalpi®e,si¥igrure 369,

trade nane of ecialty Ch cal pt 20 nm,
2, 4--t PLERLBRONBERGT FATROHNRNE a%tgﬁ‘ef‘}s ?ézﬂ%‘%’(’ﬁmﬁj?n%’se
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2,4-trichloro I ffs € e 1EREAZI NE
PMVS, t%‘ﬁaéoxﬁ nt2¥f %&Mﬁ?gy%s%ﬁalgﬁgﬁg%hgﬁoé snaq@diTptt d the

phot os@hekti akagpagéatrably sagdgd in di rROCRY 5ﬁ‘PHBBeﬂ£oﬁ‘f’e’“? %r&%xanp

Kayacu{agtPI\@les Lradeonape o6t han déay deu chKKs i 1vabspepde onamdxi mim 315
perylene absor ption rraimémm 430, nm, etc. Any of these may also be
used |ﬁhﬁ>|t5?1fﬁﬁé§16f3 £60%r (Bhofk: The absorption maxi mum wavel engt h can be

easily confirheedeshy thatamapllet /addidite IthghtoaByok pveomaspectt ostdpy. In
or der tgv%%gggglmagebgegﬁtlVuﬂYicf§rfﬁ%wﬂ QRedi daSUEhaAS] &8s 2t Be J&N2P04
be mentioned those referred to for the resin (C}).

The solvent that may be added to the conductive paste of the
invention may alsc 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




29 hydroxy conpound or am no conmpound may al so be added. In that case, it
is preferably added in an anount of 0.01-200%with respect fid JHeMei ght
of the photosetting initiator (B3-1) or photosensitizing agent (B3-3). The
wei ght ratio of the silver powder and the photoreactive 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,
al umina, mica, carbon powder, pigment3® dyes, polynerization terminators,

t hi ckeners, thixotropic agents, suspending agents, . antioxi dants,

di sper santigctiwei nester ganprd vy viehttd earfd 1fHe SMPREIMEFR 8 58% preferably

added i ! teRE DML Ad¥an 2k oVabBveespect to the total
meightagyg?%gggi %g?Hgoager and thezﬁgpgioregb ive resin %ﬁ§%é) The resin
y

that may beExampdesovihé BOWdRR tRIRVIFES &% P& RYSRE T °be any

publ i cLyokBQWRLQRE. cARARXEIDE 6fad ey amdumrding menthenelittossbedimened to
for the resin_(ﬁ% The.sol vent_t hat jjpe added to the conductive paste of
the i AVENEPBAENRY > BFIBILEAREPH TV K nown one. However, in order to

avoid residue in the systemafter the curing reaction, it preferably has a

boi I'i ng_point of ng_hj A, 290G a4 fes: 1 X dRkeS YBeneerRYoREiNgA] I Oned
t hose 95?8?%861P8 grbﬁﬁgg?%5|n 3(%%% 'Thé'vigggsity of the photosetting
conductErkemppast €4adéording to the third enbodi nent of the invention is

preferably Hraml@tt9nglcBRGuOPPvENPSsids AUcdeirdingprevicde appeopipate

processability of printing and enough thickness after priniing. IS nore
pr ef er HBEP PPGﬁFEGGObﬁomQGBP@Oﬁh?ﬁﬁﬁﬁLQNﬁﬁ+qﬂ?e(8ﬁ5f83%FtVﬁg&%ggda%%fbe

paste agcoeeing7t ankhetitbind enéedinEnta dhetsiie r, neadt tbari s used to forma
patterp by screen printin ffset, brinty N0 QL2 RUBkbckYtkpgwn net hod
hembgsRar inenerelpee Pht & LE%%“H/ Lo ies? Bh g

usi ng e us e any o e exanpl es npentioned
for theosdostistepgEreabweece Thed|tgmakouheetgs®y £6F€0r PRGNEL P he

phot osetting 22 JNs2604,30 LANGHEIH e PIstiIRmRRsOpaicRerhowtiha &hird
embodi ment of the s .
screen plate having a 180 mesh and capable of printing 1in a
thickness of 15 pum. The thickness of the printed layer was about
15 pm.

The paper used as the substrate was NPI-35 by Nippon Seishi,
KK. The polyethylene terephthalate (PET) film used was Lumira S,
by Toray, KX.

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.




I nvention may be the sane as referred to above. Exanples w |l ”OWI¥%juNﬁN5
provided to explain preparation of photosetting conductive pastes
according to the third enbodiment, and their printing and photosetting.
Preparati on of photosetting conductive pastes (silver coatings) Exanples
64- 75 Phot osetti ng conductive pastes according to the invention were
obt ai ned by m xing the conpositions (parts by weight) shown in Table 7 and
stirring themwi th a kneader, and then honogenizing themwith a triple
roll. These photosetting conductive phstes were used to make sheets by
screen printing onto substrates inal mmwdth x 1 mlength pattern with

a screepppkatg having a 180 mesh and capable of printing in a thickness
of 15ramethe—thitkmeyssof[ &g W Inteq tsayess Yao pboul 721b Py Bhe fraper
used FEINE[BHEDSLT at € |Was -|55 By -Nil p3foih Bef sHi { “°KK °The~pbl yet hy/l éne
t er eppt hal af®3@PET) 11|l m Used |was [lonilra § - hy-Torayl KK Ihé Suyipg
react|on waf*edrried qut Jy-ifradilati gn-wifth & —cpnueyor-4ypeti-Fradali on
appar qt us, $r¥8 as the i gh"l‘ saudcs & —hi gF\ hréc p-H—EH-EF-E-EH- !ﬂ}" w4 h an
out puy of 4| RS land1a—deialRal-der-arp—w-i—eaf—outppt-Tot—3 kw
at 80|w cm | BBEE 7 sHows |t he |l ight "epergy requirgd for clring and the
post - CurERyERT T ace pgneki] marjdnreds.: 15-JUN-2004 B1-[Jabl ¢ 7]} — | ?-°
Exanp| e8465F5806869 70 |1 ~2 1378 15 -Rdsi-n |M-24050%0=- $0505%050%0=- %0~
H- 3601 - 40- - [ exiazine-® M 408~ -|- 40-}- — 4- — [-Z%Q-=- |RS-fo0-4-=- 1. = J. “od —
UVR- 6]05- - - ft=azine®i5 2 1 frpede-— o|- — ldirey 5° - R aie — = =
Sr252|5-22-§E%x5. 2 § - - - - i S - ~ = — -
CTX — —_ — — — — -
I-369 - - — - — - — — 1 — —
SP-170 - — ~ - — — = p - — o _
CP-66 - - - - - - - - —_ — 0.6 -
Sensit- | perylene - - —_ —_ — — - - - 0.2 0.2 —
izing TR4B 1 1 1 G.e | 0.8 - - 1 1 - - — 1
agent
Silver E-20 37.5 ] 37.5 45 45 37.5 | 37.5 | 37.51] 37.5 ] 37.5 45 A5 -
powder [gl13 = - - - - - — - - - — | 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 (n¥/cx') 1000 | 1500 | 1500 500 1000 500 1000 | 1500 500 1000 500 250
energy (Paper
substrate}
(nﬂ/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 E5400)

[Photoreactive resins]

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

M-360: Aronix M-360 (trimethylolpropane ethylene oxide-modified
triaciylate), 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 arcmatic
sulfonium salt compound), product of Asahi Denka Kogyo, KK.,
UVR-6105: CYRACURE UVR-6105 (3,4-epoxycyclohexylmethyl-3, 4-
epoxycyclohexyl carboxylate), product of Union Carbide Co.

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

methyloxiranyl)-7-oxabicyclof4,1, OJheptane), product of E1f




tor2-EAG-2.5-- triazine H---2.5------- triazine PMVG----- 2.5------

UEPX- S------ 1---- CTX------- 1---- 1-369-------- 1--- ---0.6- SP- 1705 JyN 2004
---0.6- CP-66------- --0.20.2- Sensit-perylene------- i zingrd

i 110.B0.8--ii---1 agent SilverE-2037.537.5454537.537 _537.537. 537. 54545-
powder G 12----------- 37.5 TCG 112.512.5151512. 512. 512. 512. 512. 5151512. 5

Li ght sour ceHgHgHgHgHgHgHgHgHgIVHMHHG Cur i ng
(m7/ cm) 1000150015005001000500100015005001000500250 ener gy (Paper substrate)

{mJ/ cm ) 1000150050050050010001000150 001000500250 (PET substrate) Pencil
har dness HHHHHHHHHHHH (JI'S 155400) [ Phot oreactive resins] M 240: Aroni X
M 240 XpotyerfyPene gl ycol diacrylate), product of Toa Gosei, KK. M 360:
Aroni x; ph369: k1 £1aesby| phsapana ielghyheneaosisipl modi fied triacrylate),

et radiis] KEY2CRrodiE | b I ERarY TR Rttt ] A o R oo
(M Xt U Lo®fic €PORYN t1eSH NKayekwar okati ¢ sul fonium salt conpound), product of
(3. - - CoORg e TURBT AT - B o Sy Ay T ORey - cor sy at) i oduct. of
Uni on Caydkde ¥36. . Li nonene di oxi de: Li nobnene di oxi de (1-nethyl-4-(2-
met hyl pxi L2yl ) 7-Pxeds ove | 0 &, 4 -Qlheptiarene t Yy Ddyct - tibstynaphthyl) -

6-triazine), product of PANCHIM SA,

Triazine PMS: TRIAZINE PMS (2,4-trichloromethyl-(4'-

methoxystyryl)-6-triazine), product of PANCHIM SA,

DETX-S: Kayacure DETX-3 (2, 4-diethylthioxanthone), product of

Nihon Kayaku, XK.,

CTX: Kayacure CTX (2-chlorothioxanthone), product of Nihon Kavyaku,

KK.,

1-369: Irgacure 369 (2-benzyl-2-dimethylamino-1-({4-

morpholinophenyl)-l-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 (iscamyl p-dimethylaminobenzoate}, product of

Nihon Kayaku, EKK.

[Silver powders]

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

G-12: G-12, product of Dowa Kogyo, KK.,

TCG-1: Silvest TCG-1, product of Tokuriki Honten, KK.

[Light sources)

Hg: High-pressure mercury lamp with 4 kw output at 80 w/cm

MH: Metal halide lamp with 4 kw output at 80 w/cm

[Curing energy]

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

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



R ...
2 5 JUN 2004 32 Atochem Co. [Photoinitiators (Photosetting initiators) BMs:
Kayacure BMS ([ 4- net hyl phenyl t hi o) phenyl ] phenyl net hanone) produ t‘.) S’JN 100k
Ni hon Kayaku, KK., 2-EAQ Kayacure 2-EAQ (ethyl anthraqui none), product of
Ni hon Kayaku, KK., Triazine A: TRI AZINE B
(2,4-trichloronethyl-(4"-nmethoxynaphthyl)- 6-triazine), product of PANCH M
SA, Triazine PMS: TRIAZINE PMS (2,4-trichloronethyl-(4'-
met hoxystyryl)-6-triazine), product of PANCH M SA, DETX-S: Kayacure DETX-S
(2, 4-di et hyl t hi oxant hone), product of33 Ni hon Kayaku, KK., CTX: Kayacure CTX
(2-chl or ot hi oxant hone), product of N hon Kayaku, KK 1-369: |rgacure 369
( 2- benizyla Zeadietetrdgdtamange of4-328pR8RoNinnophenyl ) -1 - - but anone), product of
Ci ba Specialty Chemical Co., SP-170: Adekaoptoner SP-170 (aronatic
sul foniumsalt conpound), product of Asahi Denka Kogyo, KK., CP-66:
Adek adlximpree @GR 66 Bxamoniets ¢ -ddl foni um salt conpound), product of Asahi
Denka Kogyep, K JROtQesnsiatdizienaxagpntl Bl oy Ky anste sMBling soanyl
p- di met hyl am nobenzoate), product of N hon Kayaku, KK. [Silver powders]
E-20: SISASHOmS RE RIFIARET SOt 1 EdRGr PREPEDNY Y, 18 2PSEPEFoGS M5 o duct
of Dowa, Kagy Gia vl enchkEGrkng8 lofes00TESH Inmpwddhuct twfe Tomerlieigtiont en, KK
[ Li ght so_urcesg eﬂ%_.}ﬂ'(gh-“ﬁressure mercury lanp with 4 kw output at 80 w cm
MH: Mt I T de Tanp Wi'th 4 kw output at 80 w/ cm [Curing energy] Measured
usi ng a UV PONERTRUGK thior Tilstedr dneftbitoh (Bl pridhtvedgRtIUXSIE at t he
light s radialign Sneray LAy @del Qhmet REncoAt LM HiddPlled Bacam: tack-free
and fixed onto the substrate 23 JUN 2004 33

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 B]
Camparative Example 7 8 9 10 11
Resin M-240 50 50 40 - —
KS-B00 - —_ - 50 —
UVR-6105 - -_ . - — 40
Initiator benzophencne 2.5 2.5 2.5 - —_
SP-170 - - - - 0.6
CP-66 - - — - 0.6
Silver E-20 a7r.5 - 45 37.5 45
powder G-12 — 37.5 - - -
TOG-1 12.5 12.5 15 12.5 15
. Light source Hg Hyg Hg MH MH
Curing (T /em?) (Paper >5000 >50D00 >5000 >5000 >5000
enexgy substrate)
(nJ/em’) (PET >5000 >5000 >5000 >5000 >5000
substrate )
Pencil hardness(JIS unmeasur-| unmeasur-| ummeasur-] unmeasur-| uNmeasur-
K5400) able able able able able
[Effect]

According to the present invention explained above, it 1s
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




in a wavel ength range of 320-390 nm Conparative Exanples 7-11 Thesg Wﬁﬁﬁ
conparati ve exanpl es enpl oyi ng photosetting initiators or photosen pt iﬁﬁ
agents with no absorption maxi mnum in the wavel ength range of 300-450 nm

wi thin the wavel ength region of 270-700 nm The conpositions listed in
Table B (parts by weight) were mxed to obtain pastes in the sanme manner
as Exanples 64-75, and were used for screen printing onto the sane type of
substrate. The same apparatus of Exanples 64-75 was used for the

phot osetting reaction. Table 8 shows ?ﬁe i ght energy required for curing

and the post-curing surface pencil hardness, None of.these1¥§;eéﬁp%@-
free, bombercasurkh@® of abypafr@uingdr dREsEPGERCTHO PSS B e THé

absor pt;i Oy fed nuan £18  $he begopherorecbniisi abos fisetniheress wms 1288 1thm
[ Tabl e f Conpar ati ve Exanpl e7891011 Resi nM 240505040- - HS-800- - - 50-

UVR- 6105tad1aupehnj t i at or benzophenone2. 52. 52. 5-- SP-170----0.6 CP-66----0.6
Si | ver E- 2037. 5- 4537. 545 powder C- 12--37.5--- TCG 112.512.51512.515 . Li ght

sourceHgng?Nﬂggcgurinﬁﬂ(nﬂ/cn) (Paper >5000>5000>5000>5000>5000
ener gySebst? aFEYO(HATENR) (pgT >5000>5000>5000>5000>5000 substrate ) Pencil
har dness | Thennesductive eesies desreddgd above are photosetting types,

but other solvent-dried types (or solvent-evaporated types) may
also be used as conductive pastes instead of those mentioned
above, to obtain antennas for radio frequency identification
medium. Specifically, the fourth embodiment of a conductive
paste according to the invention is a conductive paste containing
0.2-5 wt% of an adhesive resin with a glass transition point (Tg)
of 0°C or below in terms of solid weight.

This conductive paste can be used to obtain conductive paste
films that are resistant to bending while maintaining the
advantages of short curing times and low resistance exhibited by
solvent-evaporated types, for formation of antennas onto easily
bendable substrates and substrates that are sometimes folded.

The solvent-dried conductive paste comprises 0.2-5 wt%, and
preferably 1-2 wt%, of an adhesive resin which is at least cne
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 1is
added (10 wt% or more), the resistance value jtself will be

increased. It is also impossible to achieve a low resistance

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




vwreasur - ~asur- K5400) abl eabl eabl e’ abl eable [Effect] According tgéﬁmﬁzmd
present invention explained above, it is possible to cure coatings t
silver as fillers by light irradiation alone, whereas thernosetting has
been necessary by the prior art. The treatnent tinmes of several ten
mnites or 2 5 JUN 2004 34 | onger at 100C or above required for

t hernosetting pastes can be shortened to the order of a few seconds to a
few mnutes by light irradiation. Fourth enbodi nent The conductive pastes
descri bed above are photosetting types® but other solvent-dried types (or
sol vent - evaporated types) may also be used as conductive pastes instead of
t hose mEnthenedndabbyee tbkobtai n antennas for radi o frequency

i dentificategp e%9h9&0§p€€5{l&%idyeé fl%qflcmmt byerbadi neRémnéan conductive
paste according to the invention is

condu Jdve_ past contglg*ggkﬁg 2-5
wt % of Lahordhesiee  rESin Thehla lgira"-‘sas“atkraaﬁ‘sl R3R Bm ke or bel ow
in terggy 8f3§9ékﬂ V\nghés J@h@u@@mlatminmse ﬁaﬂnagcgnlpemgedetlmenbarain

conductlve ns_that. are resistant to_bendi i nt.ai ning the
advantB@%% éhﬁ?? Rhr Rt kR Aty oW F§§F§t§%cggg§§hﬁgf%ﬂg b2

solvenﬁieuapﬂraheﬂrtypéstlémr dmd megtd 01T igfy Ahee ARAAR éﬁténéégllgen%@ﬁﬂable
substrate u t t S Lekded.,Fhggsol meat -dri ed
conducflvzsggg g g%%%f ggg %@%f%?éa ) aﬁJ prgfera Fg % wt % of an
adhesi vesndtsnanki shovs an Tehdt Hne Insdihecitélifr ofnt ARoREPPBTSRTHyYI et her

resinsyoPOLYRYI adt P8 LEREPSand AG4 Y| o r%intS, p@QQXfynf{ESﬂnéﬁhﬂndeﬂﬁﬁ hane
resins and has a gl ass to a

trapsition, point el ow
connnnaneoﬁEEcP?€EePﬁRgeTﬁ? Usgi Ht 9ﬁf%ﬁéﬁ5&LF§S|2t3ﬁgépva uenan provi des

i nproved bebgangetightstance performance. Preferred adhesive resins are

polyviny! eplter beshaaand polybulach 418 . Sl AporMhensaddgch i dneved

anount, the atn&srvetresi ass tranS|t|on poi nt g) of the
b|ndercahdndﬁhlbassrpﬁéedcbagklﬂmﬂ ﬂh@ﬂadﬁé§|@§ tesi intarpbReftl 4o has an

effetheﬁductlve 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
(m - cm™) resistance test completion time
(150C30min.) (min.)
(1507C)
Asahi Chemical not added 20 1 25
Laboratories A100 (1%) 26 5 or more FI3
Lsi15a¢ MA0 (19%) 25 5 or more 25
M0 (2%) 28 5 or more 25
Polybutadiene 28 5 or more 25
1%
Tanaka not added ig 1 20
Kikinzoku ALCO (1%) 24 5 or more 20
TS5202
Toyo Boseki not added 30 1 20
Dwas1 ALO0 (1%) 36 5 or more 20
MA0  (1%) a5 5 or more 20
ME0  (2%) a9 5 or more 20

As seen in Table 9,

addition of pelyvinyl 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,

When

film strength increased, but the resistance value increased was

greater.
[Effect]

the



mai nt ai ni ng adhesi on of the silver powder, even when added in a shaJUN 2004
ampunt. |f too nuch of the adhesive resin conponent is added (10 wt % or
nore), the resistance value itself will be increased. It is also

i mpossible to achieve a low resistance value if only the adhesive resin is
used as the binder conponent 2 5 JUN 2004 35 of the conductive ink. The
eval uation test enployed LS415CM by Asahi Chem cal Laboratories, KK
TS5202 by Tanaka Ki ki nzoku, KK., and DWB51 by Toyo Boseki, KK. as
conductive inks, adding polyvinyl ethgé and pol ybutadiene at from1l to 2
w%in terms of solid weight, or wthout their addition, and neasuring the
film strengwhthbendi agoremshst anse deshictanvd pastacesiepl &taddit ¥t &f
curing. T

he. results are s oy ahl e n kh | € ; MO0, T ERELSENt S
polyviﬁ?lagpﬁﬁFVEtﬁg?lﬁnﬁtnﬁ r%gﬁﬁégﬁﬁg%gg#yS%ngfiﬁgth?Téither, and the
per centiageovaiees indtbattowdre Hitlx oft readithi shatnheerheen d doIkPSki ght .

For the_bend] rgsi sta - p [ i i t@d 1&yl i nder was
roIIed°6a3ﬁ§gﬁgtfg?%%&o§§§?%§§%‘%qgﬁﬁﬁrgﬁélggﬁgggtgégﬂgggtivé;ggs iﬁgélrn
=

after whsthteaheenendl skgrt nele¥inghs imss &FarBEERTARGIF oft h° ThE
outwar d, fol,dinge $RHks.cycle was counted as one tinme, and the bending
resi stance was thereby confirmed. [Table 9] Surface resistance Reaction
(no . c=7") Bending conpletion tinme (x509C30ain.)resistance test(mn. )
(3. 501Ckchgalict Chenpeat aotupdhte dadrE >>abor at or i esA100 (1% 265 or nor e25

ey T 22206 TR IEPAED SRR S T 922 PRhYPURGLL ODer ZBR !

rays are irradiated by ultraviolet irradiation lamps used for
curing of ultraviolet curing resins than by infrared irradiation
lamps, and that the energy absorption by conductive pastes
reaches to the ultraviolet ray area. The present invention
therefore proposes a conductive paste curing method characterized
in that the light source is an ultraviolet irradiation lamp with
infrared ray emission to cure the conductive paste by irradiating
with light from this light source.

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




Ki ki nzoku A100 (1% 24-!S- or nore20 T85202 Toyo Boseki not added3012074g UN_ 2004
DWB51A100 (19% 365 or nore20 MAO (1% 355 or nore20 H40 (296) 395 or m)re2'(g As
seen in Table 9, addition of polyvinyl ether and polybutadiene at from1l

to 2 % in terns of solid weight was shown to provide vast inprovenent in
the filmstrength. Wien polyvinyl ether was added to a thernosetting
conductive ink, the filmstrength increased, but the resistance val ue

i ncreased was greater. [Effect] 2 5 3]_L‘IJN 2004 36 Wth the aforenentioned
conductive paste, sinple addition of n adhesive resin at 0.2-5 W% in

terms of solid weight allows _ inprovenent in.thedloawer fil hget\;eerngth t hat
has bewhf B¢ HERHaERer 931 sbi \ARRUA28d 3o RGREL PUEY|

Ve Whi'T€ el 1t ai ni ng
the | oMbnd £5é 8¢ @NELoRNELS O dndpdintg dfi mepuchpeactei i stémgwi, sdevent -dri ed
conductive inks. <<Conductive pas rin Crremg >>¢ The, present i nventors

te c
focusetPbrAT®R FaLt1i Rt Hord ity r‘a‘jl’roé1 TPAjE &Y egl rradiated by ul traviol et
i rradi & bOEme@nPsn &S elta fogen aurdmgndiragletr demps et EOem nghi st randneam hy

| nf rar&%j .er ard(ie at{l? c &i@%és%t LRepengEgy 2bSPI Pt Ok PYarionduct i ve
pastes "feaches to the uliraviol'et ray area. The present invention
t her ef oneepriopasesvidtehdifitive paste curing nethod characterized in that

the |ight spugceri snas Uid Rl Qiciidy adi at tendhaspvai paiste nfnared ray

em ssion_to cure the conducti v_ecm%as_te by irradi a};i ng fWi t h5 Ié t fyomthis
|i ght SbifeEentTHEAYP} PR XRIIFHaditaCBR A ARBR usRd® a5t The 1T ght  Jour ce
may bec Be & Dh- P €8S UR€r SEr i Yad samptdionaoffethe hahddet {vepasBecalise t hese

ener oy ERPITEG Shont Phe i KA 2E e THaBbann ST TA BoR St o travi ol et
rays, dd.3¢4bizei $obl keatimghtvimps 1145 a3 of EEFr ai et r ey andt BBt 7R%of
heat og,fhe,!iKeaqikxehudi ngi dite By Al ib 2y POF £ @a esh Visipl e | i ght
ray {the portion minus the 28.7% heat).
For the measuring conditions, the free sheet used was an
NPIS55 by Nippon Seishi, the conductive paste used was L5-415-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 comparisocn of the power consumption per unit
area confirms that when a high-pressure mercury lamp is used for
curing, it was possible to achieve efficient curing of the
conductive paste with lower power consumption than when a near-
infrared irradiation lamp is used. The symbols used in the graph
are as follows.
{ : Using an infrared irradiation lamp (conditions: Conveyor-
type 1 KW x 3-bulb infrared irradiation apparatus by Eyegraphics,
KK., lamp: QIR 200/200 V, 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., MB400L/A lamp,




portion, 74%of the input energy of the light source is converted 9toyRead-
The sane is true of xenon | anps which are also wultraviolet irradi atl on

| anps. For conparison, halogen near-infrared irradiation | anps that

irradi ate near-i nfrared rays utilize filanments for light irradiation.
Consequent |y, high output |anps have a maxi mum input of 1 to 2 KW which
is an input of 70 Wecmin terns of unit |length, and corresponds to an
infrared irradiation efficiency of 86% On the other hand, the nmaxi num cl ass
of ultraviolet irradiation |anps are88280 Wcm and the infrared
irradiation 2 5 JUN 2004 37 efficiency thereof is about 45% as nentioned
above. 7 Howereak , outgans) derced ifrirani théost Anspoids. o2 I SEEIYRATE | engt h,
the infrared ray irradiation is about twi ce that of the aforenentioned
hal ogetP T %cg ¥ -infrared | anps. Fromthis standpoint, therefore, the
conduchy e ypdsige acam e aefibilet ent + yd tat ieeh drdghp dGP@dlﬁyoﬁﬁov?ﬂPHgbﬁeat

Fig. hows P&J%?OJ}{BA%LQ.I: Y %9995!55' M?t@%t Q{K n, Mﬂqfo‘oer/esntla\t@vel ength
regi ons' i - conpari son free sheet. wn. here

absor p2$@erimt%etleleﬁdu"btqr‘%/elrﬁéé‘tlété%odlF”é%’&%ee's %yzn e t?lrfryaw oI et

regi ong it becones possible to utilize for heating virtually all of
the Ii E t energy fromthe energy irradiated as |ight by an ultraviolet

i rradi ?f%‘?\c‘?hnp (the portion mnus the 28. 7% heat). For the measuring
condi ti ons, 1¢ hes fpees Shibettused enad eanoniiPe 55veyP s PH o SeiSHItethe

conducfive paste wsed was Lo 415 cg}dlngybésﬁbht C@?ﬂiﬂgﬁl'fd&{m{@d i es, KK,

and an f’ﬁ?egra’?l ng sphere was nounted oh a Hita q{ o
spect r bpfioe Dedt B 4% a Peers HTdfdn @ T e OFREn ! ¥f £BRIP YT dEhsitS P &fh'face
resi stance val ue of the conductive paste after curing was neasured with an

infrared irradiation |lanp as the Ilght soqurce V1.0l et
i r r adi AEHBRNPANDE aSCFRERY | TYHP e FiPe T2F1G. fﬁe%ﬁ WS)YV![Jh é%a%g‘%g?lndngurface

resi staggeumVabUEs With respect to power consumption per unit area. As is
clear fromFi onparison of the power consunption per unit area
confir &t f’ﬁa?’gbv\ﬁgjnme ﬁl gh-pressure mercury lamp is used for curing it was
possi bl e t oThehfeVkoeihg céxmtanaliiory concefas a first e 1men

method of forming an antenna for a radio freguency identification
. medium by which a conductive paste 1is used to form the antenna
according to the invention.

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

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

(Evaluation standard)

When the conductive paste was cured under the conditions

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

resistance value was about 25 mR/sg. (a resistance value of 25 Q@




conductive paste with | ower power consunption than when a near- infrared
irradiation lanp is used. The synbols used in the graph are as f oll| .m%
- Using an infrared irradiation | anp (conditions: Conveyor- type 1 KWx
3-bulb infrared irradi ati on apparatus by Eyegraphics, KK, lanp: QR

200/ 200 Vv, 1000 WG 1000 Wx 3 bulbs, 4 cmirradiation distance, 5 mmn
carrying speed) ~ : Using an ultraviolet irradiation |anp (conditions:
Toshiba UV irradiation apparatus by Toshi ba Litech, KK , M400L/A | anp, 2
5 JUN 2004 38 240 Wcmoutput, 7 cmiBPadiation distance, 12 minin carrying
speed) p : Using an ultraviolet irradiation |lanp (conditions: Toshiba WV
i rradi abkoAnappaenhsscbyl Tashibdth idretd, rKRenghWBA0ORNA FaRPEIODBO Wcem
output, 7.cmirradiatiqn dis i_n E LY spegd)cfEffect) It
i's posgPﬁﬁﬁgt8a3u?8n?ﬁgeﬁgéd%%ﬂgggx%ég%%nknI§§§%§??g$ time than those in
case ofQ¢uni ngabycheatinddybngintraerbsigrdipgfirired irradi ati on which are

commonl| yed hlct e PELOFeprt. <<Method of form ng antenna for radio
frequeﬁ%%sggé%t? Pca%ionep%edi%n1>> First enbodinegg The fQL!Pﬂ@Q?

expl anat | onAchEEMNBYaPFrREt CRABLR IR ELT 18 hb6  of "fof Ri A~ an 2ht enna
for a padiRuibegdensywkdentiédcatkRenghigedinemsbypewieshlascendacebieipedte is
used to, org1tge antenna according to the invention. According to this

enbodiﬁéﬁp, 8%8¢reen printing nethod, for exanple, is enployed to print an
ant ennaTybaped pather nootca) thernosetting conductive paste on a prescribed

| ocat i gn Ot—i%frgggat 218490 WO ChAD | Sreltiov-i® ooRynt 8¢. uAhLer ppakniing the
thernnse?flng conductive paste on the Substrate in the antenpa w$hape, t he
print edasi-defirs redpdssddiatianr hpBe f%gﬁ%OQMﬂéPQP§B|%Y H8§}9iﬂFPa% d rays,
to cur@hghgiggghggsQ&bhnghgomgﬁgtiy@nﬁ&gﬂﬁb than candernavespthus Wasn2d on
the substrate by curing the thernosetting conductive paste. An
antenn&™-orning test was carried out by irradiation of infrared rays onto

a t her npsetkt regute@sducti ve paste. The
The results for the surface resistance values {units:

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

[Table 10)
Rear-infrared Far-infrared irradiation

irradiation lamp lamp
5 secs eXposure 42 -
8 secs exposure 33 _
10 secs exposure 26 -
15 secs exposure 18 et
20 secs exposure 18 26
30 secs exposure ig 26
40 secs exposure - 22
60 secs exposure —— -
90 secs exposure —_—— R
120 secs exposure - —_

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

These results clearly show that irradiation with a near-
infrared irradiation lamp and with a far-infrared irradiation
lamp achieves target performance in a shorter time than by the
conventional hot air blowing method. This may therefore be

judged as an adeguate effect considering that a curing time of at

least about 20 minutes is reguired by the conventional method to




eval uation standard, type of conductive paste and type of infrar ed%lgi gﬂt
source were as follows. (Evaluation standard) Wen the conductive p t-| vwé
cured under the conditions recomended by the nmanufacturer (150C, 30
m nutes) the surface resistance value was about 25 nmQsqg. (a resistance
value of 25 0 25 JUN 2004 39 for an antenna of 1 mmwi dth and 1 m|ength),
and therefore curing was consi dered conpl ete when a resistance val ue of 25
ma/ sq. was obtained by infrared irradiation. (Type of conductive paste) A
415CM by Asahi Chenical Laboratories,4KK and an FA333 by Fujikura Kasei
were used. Roughly the sanme results were obtained wth both. (Type of
| i ght Stete)a Neasispines etk liver &di 35 8R/Fanp I} RIDOE T000WH KF Ushi o
Denki )isfek-infrared irradiation lanp (Q RLOOV-1000YD by Ushio Denki) The
di stance fromthe light source to the conductive paste was 20 cm_. (Test
results) The FRRINESIYROPAHE SHPEESESFedF &t RACECIRATRS RUMYARCT e ey, ) are
shown bel one i soTFabhe dfl drkablcset@)inbjeak- tné res eth karidinfaayr edbritaiadidat i on
irradi ation, | anplanp 5 sacs expaqsur.ed42-.- 8 se as 33-. - 10 sees
exposu&é%%e-”-" 15i%g¥§hee&6‘o°sﬁifsé1§-st -15253%%1%?@%%?)?‘3%98%%tsecs.
expos wedd2tbe aeeee exifisurent L2 prégidesstiexpomguctive pagyesaddhe@posur e-
-- -1 ﬁﬁp S soad N e Qf -ngaksd nf I4d i atdan iwW h t he
near - %?%%ZO !r‘{r;)a%fl g%elaot!n' Iatellitrzrlg,t%%g ﬁ%}gqe&ms/aigrée‘g{:ﬁ%d inq%o- 15 seconds.
shorter time.

Incidentally, the temperature of the paper surface on the

)

opposite side from the side where the conductive paste is applied
reached 170°C upon irradiation with the near-infrared irradiation
lamp for 10 seconds. Thus, considering the "loss of heat until
transfer to the opposite side" and the "temperature reduction due
to the stand"” (since the opposite side is in contact with a
stand), the temperature of the conductive paste itself 1is
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




In the case of far-infrared irradiation wwth the far-infrared irradi 5”9”2004
| amp, 25 nQsq. was reached in 30-40 seconds. These results clearly show
that irradiation with a near- infrared irradiation lanp and with a
far-infrared irradiation |anp achieves target performance in a shorter

time than by the conventional hot air blow ng nmethod. This may therefore

be judged as an adequate effect considering that a curing tine of at

| east about 20 minutes is required by the conventional nethod to 25 JUN

2004 40 obtain a resistance value of 85 nY sq. when using hot air at 150C.

A conductive paste expresses its performance by evaporation of the sol vent
and t hey nbsetdphgi ofed her sesing whireh sac&ienat At ndextherhd X957 tther

words, it is_ believed, i fecl. dgsaikbed; akover eif iciantly provides
t he co“r‘ﬁdﬁ%t??/%tjp%%t% Wé[kg%%ﬁgﬁeda%e Vol G of heat , ﬁ?d t?at t hi 5 ,gauses
cur i ngesmnerocemdy i th sons Hend 1f tihee PafiRc PRERPAR | H° ™ %R 1 tipdthture of the

paper surface; on fhe; . opposid & Sddtannem bbessk dehwhedn tareccomuct i ve
paste TS appli1ed " reached 170C upon .irradiation with the near-infrared

i rradimemonr 2anpthbd 1D SeEhd ORfGS? 88n§f‘§8¥’i‘%g the "loss of heat until
transfer tortbei PRDstiey shaedriaid 4 He 't eipenaeurd 2rdeRFOTPIRE to the
stand" (since the opposite side is . -act . w ‘e Stand)pathiclies
tenper‘éiﬁi:%"b‘?l?ﬁec gh%cf?%len pas elq%tugg{%;lﬂgsl}qﬁg;é??gb%dfto rpeach

consi def abi yibi ght seapeantime §EffhectlikeAs ERpl am*é\élr%\bb%?rb%?%ﬁ’hdg

infrared irradiation for ,curing ofo@LQnduct i ¥eepaniel atioyanaretimg]l within
a short8F°tThe "t han y a conventional hot "ajr cu 'ng sy ten&xgmigjl he
short efietlls coptad EPne ¢oRtiME @bﬁ“ﬁfﬁkﬁﬁs\/é’fpébﬁ'@tt ﬁués Thpt BVes” product i vi ty
for raghg Lyeguengyui dentibisatiomdirdiivns arSecawdfenbaui ienedye sEwbnd

dent | F B8t PEraREEF ul SEESPAI ngs LB REH ABar o O v o Rea b o ai ned
Wi th rebemeaceith bhly 41ignttéepantenta tAtreNgorethsaYSf thiS enbodi ment,
a Paper 1.8, i Y38d. a8t 18, SUDSLERLLs dnd\PlofMRHAl AG10E EBEmb C16hI prodssshown
in Fi§o"a) co-1 ed warn- ant enna neriber 2 of the antenna is first

for the radio frequency identification medium.

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
K$871 by Asahi Denka Kogyo, KK. for the epoxy-based ultravieclet
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




formed by printing with the conductive paste. A screen printing net hog, far
exanpl e, may be used for printing formation of the main antenna menberJUll 2004
and for subsequent printing formation of a crossing wire section 5, which
is explained later. After curing of the main antenna nmenber 2, an
insulating material 4 is formed 2 5 JUN 2004 41 on the appointed crossing
W re sections 3. Next, the crossing wire section 5is printed on the
insulating material 4 in connection with one end of the main antenna
menber 2 using the conductive paste ¥4 the sanme nmanner as for the nmain
antenna nenber 2. This is cured to obtain an antenna. The insul ating
materivlrd $eceidhxbas ef ofneah epeaimtdsgd thekeedes oded @rSchd T 65 and
insulating jnorganic fi i cl fyysklkga aldd nararidadhed i ke.
The rri?(IEu‘g‘éé?%n%r}lﬁt%dﬁﬁeﬁ%lpﬁge%(pose t(godl %lrlggl %]I]E?ilnrg%?/s for curing. The
i nsul adhagt et eriasisdanse ooz dekassirg&dcoat i ng t hi ckness of about 15 prn,
for exanpl g, g@QiQ?éﬁgebNaylfﬁ&B@dﬂdﬂ a kkadeal £08] atadd kW fuiie areble,
irradiation tinme of about 1 second. Since the insulati n%.rr%terial is thus
f or medCniitidicrdte sItihgit addpdedr wers dREpadi dF d1aVidiss @ Rt S8 Ybutes to
_bgt t ef%éﬁéi_@i&ﬂlcé{f Pin&@%@ﬂéﬁ! thjf QnARERO8s PEIRCEe SE- 9hwahrlet Hedgedi @ sf rlqug(r)\cy
identification medium e insulating material i | i, S.CoU
nPa oringpbated) evemWiH hd ongb%{S’éa Ut gF?’;{:?/iao gealn%{]l}\réﬁt%g’régign%l one,
and itinaycheesisedati 4 ect | fewar |vorne asidged sgbinpulated. non- perneabl e
(non- pfzfgﬂgb#fi, such as PET. \Wen a paper material i.s used as the

atle —sili1t3

A f + hiclban: 1 1
substr —SL L %—e—a.dgseﬁ/s.ﬁga thi-elcenig to  prevent perneation into
t he subs eeol|l 1 Ca Was [theretforgq w ia@S|i Nsul ating i norganic fine
particlles=inmx¢shye li nsul ating paterigl, and af insul ating property

eval uat]i on*¥¥&st Wad=tdntilid i anmounts of added silica. As

i ndi catled bel ow, |t he anoun 2 —_added - for the test were from2 to 8
parts Wih_resped 50— (y-based ultraviolet curing
resin. [The™mat erilals™tsed fw KS830 and Adekaoptoner KS871
by Asalji Denka Kdgyo, KK. {oryeh R bd ultraviolet curing resin,
and Aerostt—200—(meamrparticie srZe: 0. 015 pn) by N hon Aerosil, KK. for

the silica. After formng the nain antenna nenber, the insulating
[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
Rerosil 200 was found to be particularly effective as the silica.
While this conclusion is not indicated above for the materials,
it was confirmed that large silica of 1 pm or greater has less of
a thickening effect and has a minimal effect of improved fixing

property since it is not incorporated into the fibers of the

paper.

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




material was coated onto the main antenna nenber to a coating thicknes

10-20 lira, and cured by ultraviolet irradiation (output: 4 kw, 1 JUN 2004
irradiation time: approx. | second). A crossing 2 5 JUN 2004 42 wire

section was fornmed by printing thereover and cured to form an antenna in
connection. Ten (10) such antennas were fabricated and their resistance

was neasured. The resistance was judged on a scale level, and in the table,

(c) indicates that all ten were judged_as having a satisfactory condition

of insulation, O indicates that 8-9 were judged as insulated, L indicates
that 5-7 were judged as insulated, and X _.ndicates that 4 or e@fnuyere

j udgedcaschihsufared.  pFhd| Br a9y E0 A BAddd AL AP aPEEh I FT A0 D

SlI|caggglQg§égtggﬁogg11|ngqbgléubﬂéxﬁdm KS871Aexosi | 200100/ B 100/ 50
100/ 2X KS830Aerosi| 200100/80 100/5 lOOIBEE%Effecgé tﬁ uépége Xperinent it
was confirndd A&t MPASIT LRYREMet B9 H s &6 i'§Pn es o epoxy- based

U|travhﬁbehtﬁuﬁlngnerasvﬂﬁgamd aitdiom damce oused asefﬁsu¢©t|ng mat eri al s

for crossi ectL ns, Lh 1o I I ound,
e shobReByOtRELY eshrFFeiRAErLE QR ANAon felROUI e rbbobifte ) Aing OUT

are coabedhenpnepaper1subst19meelllmhqquR%aPP6§ By Bx?ﬂp%lﬁ%} % Wth
respecgn£8 4904 Qag%g ﬁglgbel 4 gggaﬂiﬂJltraV|olet curing resin is even

nor e satls act or ornatlon of the |nsulateg tlons Vbr
silica suchSB§C1ﬁéFB§ﬂN 2bhe @RI Y d & PHFE1pAFL PEUf FF§D%¥?e%f|ve a the
SI|ICaof Hﬁtbﬁdhbtivéomgyaslﬁmﬂlémruﬁsuruhun@tedyabova fdopaphe amterial s,

{hi CkoARRGCEPFECt AAD AGES AR FaTHi P °¥“u9‘c§?%€£e9??x%%féu9“ -4
formed is not specifically llmlted and may e one descrlbed above,
However, the substrate is preferably paper and the paper used may
be a publicly known type. It may even by synthetic paper made
from a polymer starting material or paper 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 um 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 insulating paste.

The photosetting resin and photosetting initiator that may




property since it is not incorporated into the fibers of the papeé Third
enbodi nent Anot her enbodi nent of a nethod of formng a nmulti-I|ayer é~w§2&@N
2004 43 circuit for a radio frequency identification nediumaccording to
the invention will now be explained. As the nmulti-layered circuit according
to the present invention, one having an antenna function is preferred.
Accordi ngly, hereinbelow the formation nethod therefor according to the
present invention will be explained by exenplifying an antenna as the

mul ti-layered circuit. Specifically, 4he antenna is obtained by alternate
printing of a conductive |layer and an insulating |ayer on a paper as a
subst rgd ei ndhedsaibsh r efie s cing lpe smel may| bgetlke TRT BRI £5 AFE%d i s

not specifically limted and nay : CLl VnondloWRMErar & he
subst rit et} %9%?%$5bY§'%%éhﬁ'aﬂﬁﬂﬁﬁ%%gggg Eggggﬂﬁg@ be. a publiéE; known

type. ¢ombhyatvens byf symeheties mmpandngdd 1oPA6nPAC O §EI" St NG at er i al
or pap raE?ﬁévéseQ&@ifgﬁ% ErhtMd brapeetgapic material or inorganic

mat eri al . e antenna Is ormed by screen prgnting 9f fﬁg&{ﬁ t he

conduct i ve BagsesS (Mbst?i HED abb\s grtené TGHEPHal &' Drimicg nmethod is
not lifitedeto screen papeit i 1. isTherdpagieldabisnghbayerstsator B by screen
printing of a publicly kn i nsyl at | e cont g ni I sl atd ng
particP&R)) - a2BF nBer> ¥Eﬁ5gﬁ?dh% éﬁéﬁ%fggﬁg§#gggg€iﬁ%?ﬁ%g%etho i s not

|i Mt efohbieceive Fastenstiqtinppart irdtes davine prRAuFREiRYy pHiS e may be of
silica, alympa otgécc0ﬁﬁéétéﬂlﬁémtﬁéfH%ﬂ%%&k'QHQﬁaﬂbahoﬁ tRamnuppar ti cl es
size of "no greater than pmare particularly preferred SIQCfbtggy

cont ri bayvert sidfi ckeni sRpmPle e MEhREGHRCREeAANEB of 1 E TR coatihg film
shape. ; HoweY ehrelinea i BsEd 81 4 Hgc ardd alies mneprootisgseat tadns {13 hend
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onto the insulating layer 14 in connection with the
aforementioned non-printed sections 13. This circuit 12' is then

. dried and cured {(Fig. 5(DP}). 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 cobtain 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




the curing tinme as a photosetting insulating paste. The photosetting resin
and photosetting initiator that may 2 5 JUN 2004 44 be included i SUGNNNL
i nsul ati ng paste may be the sanme ones as used in the conductive paste.
Particularly preferred anong them are conbinations of epoxy resins and
cationic photosetting catalysts that have excellent insulating properties.
Figs. 5(A) to 5(F) illustrate a method of lamnating a circuit. First,
paper 11 is prepared as the substrate %Flg. 5(A)), and a circuit 12 is
formed by printing thereon using a cbhductive paste (Fig. 5(B)). After
drying and curing, the sections to be connected to the circuit situated on
t he uppeintédyevesithe fon-RxHENAE Y964 1686 - seBiFBnstBE PHEEEIFRRT tRA2 as

i1l ustyated,,are, dgstgnas otk ass the JiQ=plunt i ng sections 13 and the
i nsul at1 ng paste is printed onto the other regions to for | at i ng

| ayer 14 (FVgrispe)gevigeer hHSh mf divd SCdPPng™8¥ PRI BOUFHS I%R?%Q%T%yer 14,

anOtheﬁuﬁticyé% di &§ré&&fﬁ¥bﬁh@dﬂbyﬂﬁh@gme@ﬂba bhethasthaéntiph ayey 14 in
connection wt af orenent i ed non- pr|ntegﬁggctlon 3o his circuit

12" |sCPﬁ%ﬂCtH?PeHC%ﬂHd%QHeﬁP(Rﬂ 1GpfprovRpEe get?? BT YHE circui t
12 (bhﬁdﬁﬁgtuung,t@nb@otﬂmpmmnﬁnhdumﬂﬂv@ ¢idoai tAGR) t hanippleropiyer si de)

d d d t h
10" i oeriPHeh ghB Ehe bl G e ye, BRSeRTENCE, A REs T

addi ti ballanother cIfcuetedPdrys tHompegesyiphi ALFAgTBKtDS tRECTHSA%L i ng

layer 1g' rbgnEQPQQStBPn Wi 1 d e RRAmPRindkedi38Chhe8sidB or aps t i
circuit dried "and cured (Fig. 5(F)). This procedure is repeated for

alternﬁﬁéerﬁﬁintlng of the circuits 12 and insulating |ayers 14 to obtain a
printed W rangosheré dhtivé hmalt 2w eantedt edrtoia settion | myeried

circuit. Post ce55|n of the printed i 5;¢ Capthen give a
radi o FPa45 nﬂggﬁdanf?? %?l%ﬁf%% C%' Hékeﬁgcgpggg gcjétf'mec?rpon nmet hod by
mul ti - kayerhad dhctaksernate CIrCUItS used here was according to a nethod

whereby  PagLLab1BQnopr kil el SAR AN 3 k0RERAat 008! Lavos@nagets omahi | e
the other sections are totally 1nsul ated resent _.invention

i s not iPVAPtaANt BXEhBX ABLRBY ??1ﬂ%¢ﬂﬁﬁghtﬁ@rénd?ﬁétapﬁ§8?af?%6 taSer my be
partlchogé £6r tABr enteht abh ei €oiweand ivaly ldhitke mbarpbiynted sections, a

conducﬁ%¥e Xglon Xf phgggégtting 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 Elf Atochem and
Adekaoptomer SP-170 and Adekaoptone CP-66 by Asahi Denka Kogyo,
KK. (mixed ratio: 100:3:3) and (H) the polyester Vylon 500 by
Toyo Boseki, KK. were combined so that (F), (G) and (H) were in a
weight ratio of 65:30:5, and further kneading with a triple roll
produced a photosetting conductive paste (I) to be used for the
invention.

{Preparation of photosetting insulating paste)

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

{J) to be used for the invention.

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




2 5 JUN 2004 45 printed over the non-printed sections. Also, the org%[%ﬁqma
not necessarily need to be as illustrated. Various devices, such a

chi ps, may be nounted onto the nulti-layered circuit formed by the nethod
of the invention, by connection according to publicly known nethods
including wwre bonding (WB), anisotropic conductive filns (ACF),

ani sotropi ¢ conductive paste (ACP), non-conductive paste (NCP), cream
solder balls, etc. If necessary, the connection site nay be protected or
reinforced by a publicly known underf4d| material or potting nmaterial.

Al so, the entire nulti-layer-nmounted circuit section nmay be coated with a
coat i ngg Ml itdle Yorfdudbive pactectset &amn@Seklinubyf&ﬁﬁh@r§heE%&ﬁﬂles of

mul ti-|ayered circuif formation acco rd LN YNt ahe pnavieded
bel ow LRI {He Thddlst amditig ™ I‘?ﬁtm sac%)pe %fl CLe mve%?ll on |E>r| n no way

limted thamebyn (EBJ’gE‘.pEG’(&FI)I oradef oﬁhmeoseon’?’ nane oreiatd e Jfds m@shaamdxt ur e

(F) of Sllvest and Si.l ves i Lye wd tahddyeukakdr i Ki
Hont erf:® IE Sl thr{g ra %otth;[gg% : g¥n%(§<t18r$e ?jl)zj;rgot he e;;loxy'gl | ronene

di oxi de=y caﬁrwmmm:an@ We@aéppaﬁﬁraSPlieioca%F KLt Sife CP- 66 by

Asahi c%qy%aﬂ@ws%m K erd 82406 Rk @or 109; 3xi8) wal t(rtén tmmeq)calsyemt er Vylon
500 by oyo ‘Boseki, KK. were conbi ned so tﬁatv‘é?%{cér q}nq: (ell—bp were in a

wei ghtinstar sy @Rs$® F£on P WPdet REAKABR AP Ml e Fo produced
a photpsedidhig 1C‘r9r1£LLg:t /@ )paside off) Tb@obenusenidflmamv:trma a i e mesdn and

P t hot tt d 71 by Asahi
Dok £ 9¢ T T T St g AT Bonpos TtV ah S AeTad 175000k by

Ni hon deriosj IweﬂéK caSrJtEhIé oudi Ium;iarf ithe paiﬂﬁl eprdl WerRs i e FiGFY Twei ght

ratio .9 vy ttfh@lléneaﬁeﬁcwuebwy& a(phahniset tingugh

i nsul &4 n aste to be used for the inventjon. mle .76 er
used as ngfép%iﬁosltf?‘f(m mn%tﬁyeNFB%ﬁ REFRHNY f%%@ﬁ%éf%%ﬁp and

the capdugidve. pﬁﬁ{ﬁlw%g/\asa}le& 415nhtihy Wsahi p Chesi Taland drylflg" -
"conductive layer printing with plate 16 and drying"
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. &(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

2 {measured in a

irradiation at a cumulative dose of 500 mJ/cm
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




Laboratories, KK. Screen printing was carried out with the plate 2%“&1%001.
in Fig. 6(A) nade of Tetoron- and having a 180 nesh and capabl e of

printing in a thickness of 15 pm Drying and curing were carried out in a
hot air oven at 150C for 30 m nutes. CR44B by Asahi Chenical Laboratories,
KK. was then used as an insulating paste for double printing of a pattern
with the plate 17 shown in Fig. 6(B) nmade of TetoronT" and having a 180
mesh and capable of printing in a thickness of 15 pm and drying and

curing were carried out under the samd’conditions. A circuit pattern was
formed as a triple conductive layer (circuit) through a process involving

"conduebhmectayercplri:nﬁ'tngamkrh pl at e 16 and drying" -- "insulating |ayer
printi wi t h rying" -- "conductive layer printing with plate
16 andegf’?l&‘ﬁar’gv Ex%“g?g?l%he paper used as the substrate was NP|-55 by

Ni ppon Sei skthe pKlsierandecihescbh@iuﬂbﬁﬁ'@%t‘@su%’é was by hB1PReP oS8t tihy

Conduckgve Bazhe éb%dﬁ&@@@éeﬁ'aééé)v@seds%%emsprzthngbwaﬁs@aﬁrcleélmgwlvmth
the plate 8%shown in Fig. 6(A) made of Tetoront .a havi n sh and

capabl abPrprphtiefig Ki-a ERTERMEREIDILITS Yo @ \%@ wt‘:ger%a %b?
i ght' n6r adoahi on #tga cwml Rkt eodoseranforB0a0a mitng érrﬁaeumedhlﬂmé

| £ .300- 500 Th
B o1 nERPPBABASINBESEEEERng” T HEH el g Bastd () WeeotRen bod e dn

i nsul aerg pastraefioputsinghehpriaty nyreaf at F&OCEr Aowi BA MABUBRAte 17 shown

in Fig. %Q&at%@ Egm ggo?’gnT“ and having a 180 nesh and capabl e of
printing 15 pm and curing was car g ed.out again

light irra@bst Pereat ugeduasl BRE vEURRTA IS W5G0 Nid ene Py b ABHPRd ?ﬁsgl'
wavel eggt h &‘ﬁ@géoﬁﬁu‘%QQv@OQaBﬂi tl:Sédlguetme;r&amoltlogbttuhgadbatiuon1ve

t A t R
(o0 T CuPP? e BoR EPBratcBEo Ruol VTS dondteri, Bueas8re o KEF 0 PET ,

pl at e izﬁeapdau:ur iL6g'showhi isuFagi ng(ARyerdraitliengron™ Angl heEing anHBO
curing. ~n GRY %%%a%§e|%¥e r?ﬁk? gr@hvgﬁéhﬂyﬁﬂé% 1¢ amd ﬁur'@grln as

fol | ow ng are c arative exa only a single 2 JUN ggga

conductiye iedr eyitt byagaght eéﬁﬁﬁ%%fﬂ% %(M"é““ﬂ?t?‘?f@ Sﬁgroas s the

substr atye WaS (WPh s 8P BYi N HPPAR SIrffth range of 300-500 nm} using a 160
W/cm metal halide lamp.

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

bearing the paste.

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

The method described above realizes parallel and serial

circuits in limited spaces, or large-volume data storage, and

further a radio frequency identification medium with a paper




KK. and the conductive paste used was LS-415C-M by Asahi Chem cal '
Laboratories, KK Screen printing was carried out wwth the plate @HU%&W4
in Fig. 6(A) nade of TetoronT" and having a 180 nesh and capabl e of
printing in a thickness of 15 pm Drying and curing were carried out in a
hot air oven at 150C for 30 mnutes. Conparative Exanple 13 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 pld&e 16 shown in Fig. 6(A) nade of
TetoronTM and having a 180 nesh and capable of printing in a thickness of
15 pmsuButiragewasuntdmngi @d oatchyplight irradiation at a cumul ative dose of
5000 ml/cn2 (neasured in a wavel ength range of 300-500 nm using a 160
Wcm netal halide lanmp. I n Exanple 76, Exanple 77, Conparative Exanple 12
and @mmnamabmb@dﬁxammle 13, the surface resistances were neasured at the

respect | Ve jgLr ik AL B3k 3andBeok CSUld S Al & SRR Bnbablifent2orAsnseen

fron1TabIe better ts were o talne Exanples 76 and 77 than in
OOrrparaattuem@aEiawml@g rethad dgsigmed Wheed trfé@kﬁﬁs copduREiyeatE8¥ei6, 17 in

Fig. Gndlaolke 3ecliseRscBedning, t@ﬁt@@@ﬁEkeqdfﬁﬂﬂgelhzkeguéﬁace resi st ance
at circuit termnal nil/sg. ; Ie Z¥%% anpl e 7714 Conparative Exanple
1219 FARPAPSENFEPEXERSIEE $34B Fﬁff% " thod descri bed above realizes

paral | el amgél sefi dllleisrteaicisni nréfearéece spasasl Gl Idesggnetkame data
stora further o Ltr I | [ th a paper
%ﬁtf%&% "4 %&rs% % éggk o% ggygﬂg%(;égﬁg 33 %@% ?%rg%g BH‘@M

251 9 "subst'rat & nounting an Fourt h enbodi nent The
fol | owildg efplkasdiciesn ldéncerhstaatourade e‘-?ﬁ)d?fipf?éntoroﬁ &hinghidfna for i ng

et hog  desigredny thop BRI ckekorPasdkietir a |cRIuctand hayer magsesbance
val ue, w thout requiring increased
screen printing the aforementioned conductive paste. The antenna
loops 33 are formed in a symmetrical pattern at symmetrical
locations on either side of a folding section 34 formed at a
position dividing the substrate 32 into twe parts.

Next, glue 36 consisting of an adhesive or tackifier 1is
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-




manuf acturing costs or preparation efforts. In the illustration, reference
nuneral 31 designates a thin antenna. First, a pair of antenna | oopsh 3N 2004
are formed on one side of a sheet-like substrate made of paper or a thin
film Each antenna | oop 33 is conposed of a conductive | ayer nmade by
screen printing the aforenentioned conductive paste. The antenna | oops 33
are formed in a symetrical 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 cons#%ting of an adhesive or tackifier is
evenly applied onto one of the antenna | oop-fornmed surfaces 35. The
substrame BR.i sohbeoff ohdedtladr tdierdsolmdinng cpedt boho@d4may ¢ hae b4 he ant enna

| oops 33 are.on fthe_jinside. The ante , s .3 tehing ea t,.her. by
f ol di n@pgiée?a?la%%vgr]ee%%ﬁf% %2—?0 ?:her roa%g)ﬁ)lgtgﬁewég}&egg& mAng?%s%%lfigeA(}? 2
pressusprag méehcdppsceeen printicly aredhodoen ghavene amehmd Mdpx 33 to

produc n Lapbl fed Sodth &1 Qhgiseel gpabntlLustial i on e a part
of theftgﬁ?gn%gggib%b?%ﬂg%d b?/ﬁthe met ho& degcri beré above, B%/i attaechi ng

t he natehfhgeant ennghiehpshsFRjiigma HEg & 38 ERe mi? ATt Aht®hna | oops
33 arecdhtesyl ¥sj Qi spdet] intmdfaliecsert appsiefoini agt aosttee dfine
continuity. The matching pair of antenna |oops 33 are thus integrated to
forn1aP§Fﬁ§f%‘antenna loop with a thicker conductive layer. This gives an
antenna 31 with a | ower resistance value. For greater clarification of the

gi st of Lpﬁ J'cf%epéjsglq,lggé%s draw ng does not show the nounting section on
which the 1¢C ¢ ip 1s nounted or the connecting wire section situated

across parthefonyheY{33pLiD e Mitrauhisdd KHagake EpFBy ¥fue 55 manufactured
by Sumi t onoag2 60 J U 20940 ¢ % 3Mn lbsdneoals, t Re. ot her gl ues nentioned bel ow

may al so be .a [ied to the surface to he provjded with an antenna | oop
by a sprayvﬁ’églﬁ’éﬁ? %2 eR’h Iﬁ)’r?%ﬁ%dﬁrﬁ?ﬁ‘t’fogoggogrggwe coating method. It
may al so besapetf tex ORF D10 ey aPddradtly KelgyonsesyakaceKWf the substrate on

whi ch IEQE’ 99369”&&90%{&;@9 med. In addition to coating as a sheet, it
may al so B&%a p'l'lled indot or fine line pattern. Synthetic resin | atexes

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 1S415C-M by Asahi Chemical
Laboratories, KK., and the antenna locps were formed by screen

printing in a thickness of 15 pm.



Acronyl YJ2301D by M tsubishi Kagaku BASF, KK. AE200, AE517 by Ni hon Cosei
Gomu, KK.  Vinibran 270 by N sshin Kagaku Kogyo, KK. Superflex SF110 by
Dai i chi Kogyo Seiyaku, KK. Natural rubber |atexes Polybutadiene,gqFUvamyl
et her, polyvinyl alcohol, styrene or naleic acid dissolved in a sol vent.
When the glue 36 applied for attachnment is thin (about 3 g/cnR), |ight
pressure (about 2 Kg/cnR) is sufficient for attachnment. Wen the gl ue 36
is thick, both heat and pressure may be applied (for exanple, 30 seconds
at 5 Kg/cn2, 130-C). A thin antenna wa8 then obtained by an antenna loop in
the shape of a 1 mm x 1000 nm conb-shaped pattern, by the attachnent
nethod[dgggéime¢ above. Tabl e 13 shows the results of measuring the

r esi st apee—vattes—for—an trm T i } %[n |Ight
pressuré¢ applied for the aF?ﬁ%ﬁ%ﬁ i ( Gfﬁ+f¥ﬂkkﬁ) bg%ee

c ngd for an
attache obilariad n:saEP ' ??&&ax HEEL 1ngﬁd-pressure
(heating/lpr e%'k'iﬁ‘é‘}azﬂnd ant enng q‘nnnc priorio gt,{_,a_g_h_p;g_n,t__‘.m]t enna 1,

ant ennal2). Awkenwa & of |gl ue 2Pplicdtion 2%ere tthin Ahlicalion, thick
applicati on asdmpaet ern doati ng® redpectid®ly. The cdfducti ye i nk was
LS415C M by aAsakhm@&héem cql Laboratorlies, KK., anfd the antenpa | oops were

f or med Yieathiagprepkuiki[ng | N1@ t hi gknessiof 15|pm 2166 JUN} 2004 50 [ Table
13] 4 U?Ilnkn tbge/[nICK Pattern applicationapplicationcoati ng Antenna
1202020 ‘ARt &fNa™2202020 Simile 102010 attachment Heati ng/ pressurel01010

(units: 0) As shown in Table 13 e, tlite ressis§eBAGeVIAPBRs®EPe | owered
by the;albacBnBpt tnef aPaLihkehal NOf arditiReahoddd when heat and

pressure were applied the resistance values were half the

o

resistance values of the antennas alone in all cases. These were
resistancervalues in accordance with Ohm's Law for parallel
connections, and thus an effect of lower resistance values for
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 value of one of the
antenna loops was measured.

[Effect]

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

By attaching and joining two antenna loops with the same
resistance value by heat and pressure it is possible to obtain a
thin antenna with 1/2 the re51stance value Thus, even when the
antenna loops are formed using inexpensive materials hav1ng hlgh
resistance values, the resistance value of the resulting thin
antenna is reduced to half. It is thereby possible to achleve a
property similar to a simple antenna made of an expensive ~
material with a low resistance value. Each antenna locop may be
fabricated with its own specific resistance value. The antenna

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




pressure were applied the resistance values were half the resistance

values of the antennas alone in all cases. These were resistance va} §egNiam,
accordance with Ohnm s Law for parallel connections, and thus an effect of

| ower resistance values for the thin antennas was confirmed. Because of a

| ack of continuity between the two antenna |oops after sinple attachnent
with the glue by thick application, the resistance val ue of one of the
antenna | oops was neasured. [Effect) _Thin antennas with | ow resistance

val ues can be obtained by this very 3tnple nethod that involves |aying two
antenna | oops together by folding and attaching themwth glue. It is also
possi bfer tresedtamty 1mypairl kel CONNESTACPSopst t ogRtHeron ttﬂeoctﬁmes

mi smat ghing, JBi D ANESONAS:EAN JNefeaf Foe BRiAbiAt etk s inouinfdrmithl . By
attaching.and Joining two antenna | oops with th‘ﬁ sane Icguessitséﬁa%c%fval ue by
heat awitipréssired|wses, gosFiMe By &PnPROVIAT N ARt Enna 1/2 the

resi st angeu ¥ Y& mdfeisi a By efomhiie tdheenant @nnpsl oops are formed using

i nexpensive materials hayving high resistan 1] {£54 St ance val ue
of the resUf®F®gVehi nPYa T%ﬁ?‘n% ﬁg%gert&?&czca%t %gﬁ(\é(l?f gfiﬁ? %‘E&f her eby possibl e
to achi€vEch apdopeii ytisé nnenia Jogismolfe canhenwas Fadke oS e Bpe&fd ve

material with a low resis V. C t§ENAs | DOPrdBYede il i cat ed
with i #RO%%n Epet? ?%C?e%% ﬁ}geﬁcaeﬂvea uaeE%TEeeggntgnnsa r_ersi st%n(‘he val ue can

t her ef @i 21 bee deter ne agill pasempk entOHiHeR thg drewinm: 20049 511¢ 3P9Ri%t ance
i n pargj?kgl 5%99988%98& Hhe thersfos s bepemBseneasigedt 0 Betse@siStance

values for thin antennas in conformty wth desired uses 1 Vi ng
to provhde alhBrbEAti§Pesd ofrachmildtdyETHEEFF alR EB? ?%%e%\i’rﬁ gﬁéjnéa? Ihjgsops.

Mor e0VEH e rBYi L aybBObL OgEE BREed WO SdiBBIeY,i lsd nsebshe ahaschbng aantepand | oi n
the antenna | gops of,.each, substrate as i.he OVEsnf £5LSt@NES of the
SRaRRg PLERe Badetr L AR aCERo 00T o ER LY

ant enna®fB3p hi’s becone readily apparent from
t he drewengntEhga 16ophddsin whith Seetdi@skwidr 82a6hecanfeRfat31 has been

fol ded, As.seen, in; this ihiNStLMdph By ack 3€ohasnoceyrsedtha the
ant enni® ’bfé%g§3bymﬁg%eh?f&has&been f ol deo(lj.(HHo ver, since the matching
ant ennantfipepan3snape3di t BCENYS j BY PRYF 16 BXYIFEFned above, continuity for

<<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 1is
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.




the antenna |l oop 33 in which the crack 37 has occurred is provided by its
mat chi ng antenna | oop 33. continuity of the entire antenna 31 is tgg TN 20
properly ensured. <<IC chip nounting nethod>> The foll owi ng nethod § gg 04
mentioned as a nmethod for nounting an I C chip on an antenna fornmed by any
of the above- nentioned antenna-form ng nethods. Adhesive joints are forned
onto an antenna-provided substrate at the nounting position on which an IC
chipis to be situated on the substrate, by a printing nethod using a
conductive adhesive substance (K) at ®%rninal sections corresponding to
the termnals of the I1C chip. Adhesive joints are forned b rinting

met hod usi NBoANt hasué ahohgohdiesinyendilosy ahee CPPAuEtI VR e? ¥ nal

sections, _The LC.ehip ks dﬂ%&ﬁ%&@ ahﬂ%siuesgﬁaéeazb&etruerrmmrmresmon
bondlng ?o aC%IéVE %%%l%?%n ancho??ng of the connection

rel i abprefyraihe sebected efXRARRNT BENGHE VEf SPHBE%B d’r‘ Wed® for the
afOre”@i‘]ﬁ’cﬂ?gﬁﬁySHQS%E&&ig)sJEIﬁaa:me&nrt&armyﬂrbeefnd)tnﬂed durihe substrate by

a pub nown mefhod such as pri.nting, usi t rgment i oned
conducthﬁémﬁ%%WEEes?1%nJ?ﬁ %Rﬁﬂl%%?ﬁaﬁr e 98 o%ﬂ ?9%%eP?n€%%tﬁgﬁ t he

conducthyg aﬂhéﬁlheatSﬂbsamemx(dﬁdzmuinﬂmanungukaﬂnﬂglhuﬁbsi@%Isubstance
(L) arer?gPl ferabl elected f qgr%gq§§hggesu9§ﬁ§@§§§ hayi fance,

vi rt uaf VOf%P Eﬁ%%?ances that are emtted d uring thernncqgghe55|on
bondi ngeaexhébi stagcgoodt adhest tar tpwtidnge  EhPy affe? PRapTeF et Eht and

mai nt al o, 0g; L€l Eé?%éhﬁeéf&’{th%%Bl;lﬁnme@%%trufzeatétsaﬂﬁ@n wméer resistance,
hu nldl?y resi stance

resi stance fter mount i pg. aggg ﬁg@ al so
preferabhydpaahésPﬁeCQUBEPHﬁ%%%Yvﬁqq1Rﬁ%iﬁﬂ%ynwédn§?FH&P%res PO t
st andp@iBteOb£COREi NHOURLY andiiieldaldus tymiantdaithieny thesahthbe@d state of

the 1C ch on the circuit he I, Gr.ossl es are
preferéﬁF%gFBFﬁﬁdaﬁﬁlPﬁ§%ﬁ£%$f¥r%aﬁ d(% §$nggﬁgget§%%gﬁégfve adhesi ve

subst ance (K}nguataeteesducbndﬂcadh&ﬁIXﬂHﬁNhﬁU@PF? WY hoppEa2REERFnal s of the
IC Chlgbn Lee§90t 2L H§e899999§'N§t@a€ﬁé(%é¥%fﬁyisaog| Reler ri¢ceshhpasiessenti al

contains conductive particles and a binder resin as essential
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 insﬁlating 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




conponents, and it is preferably a conductive paste with strong adhesion
to both the antenna and the netal of the IC chip terminals. The cdygK ok
particles will typically be a netal powder, especially silver powder.
Conductive nmetals other than silver, such as gold, platinum copper,

ni ckel, cobalt, palladium rhodium etc. may al so be used. The insulating
adhesi ve 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 protesting the conductive connections from
external shocks. It is therefore preferably conposed of a resin with high
adhes'Qahégl%éesﬂsgebncéh@Kﬁubﬁtfﬁﬁéhﬁyuidkhagcaﬂhusﬁvensmbmmannistﬁhle

with excellent insulatin roperties with.th sorb
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where késis, dbffacubmbiﬁaasﬁmewﬁlmmﬁsulat|on mnth the resin alone, an
nsulating L1 e, for) neXarPLE. 811 6310 ATk NRu1 k89S oL pd focibbafq o the

like, may b e resin 'S an edsential conponent of
t he coasluekamplQSStHEJNem@xi B8 metheines pedyeahyéepR) BPLYRPECPNSRI%t i ng

adhesi §8%§HP§LQH86 Ak} ré@ynpe o P dR)1y d&@ﬁ%rimatavpbaﬁwﬁnwsn n or

t herno resi a_conbi nation of hoth he t ernnplaiilc resinis

not pa€hient ?lyPPéSVFPE%é@en%nﬂhl%ﬁuﬁkaﬁﬁﬂéglpﬁ a°fh§ be RRhYYHREY

pol yet byLensi, pebypaeeyggne?olp@émwt@ae,po&@stm&em tpoéymetdyite,
nethacrylat

Vi ride | i dene hIor nyl
acet at B® §5P§¥Eﬁ9¥ tﬁ%ﬁBﬂB %%?yd% Y \”Wgﬁlbcarﬁéﬁate gi?%%?%yggng
t er ephpbayamnede, ppbypatyéemelf@mexﬁn¢&ﬂaﬁhylap@hyphéM?Féﬁé ekhele, ketone,
pO'YSULLQESFh¥?%L¥ ELQ? f #¥§3Qer fﬂféUH% RQhival | gkat eanpobyelhesn et her
ene te

ket one uor| e, silicone resins, etc. any of which
may bemayedeaheng aionf @énbnn%?mkﬁﬂﬁﬁﬁoqﬁm9fonﬁoPé nYRE- t her noset ting

resin Conp0§h5'Qﬂek§o§SE€§5§drééﬁﬁnéﬁﬂﬁﬁ%ltﬁ@&sﬁstBahebeeﬁthbmfmmﬁng
generatlng vol atile coggonents durin t he curi, and o£Xa g@ %Q r eof
i ncl udePBEE EPETtnsEAFENTLERCYD 9F15* %ﬁﬁﬂﬁ(ﬂﬂ &3S0 GRHECETRA" a2 T VSi dy!

et her sthé busphenoknd exampiephehneted? iorcludgubtteporynebsiimitedresent ed

by 3, 4(1) glycidyl compounds such as glycidyl ethers of bisphenocl A or
bisphenol F, or ligquid 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) ligquid cyanic acid ester
resins represented by 1,1-bis(4-cyanatophenyl)ethane, and metal
salt catalysts, (3) bismaleimide or addition products of
bismaleimide and diamine compounds, and amino compounds, allyl
compounds or radical generators, (4} liquid allyl compounds
represented by diallyl phthalate, and amino compounds or radical
generators, (5) triallyl isocyanurate or triallyl cyanurate and
amino compounds or peroxides, (6) polyvalent active hydrogen
compounds represented by polyethylene glycol, hexamethylene
glycol and glycerin, and isocyanate compounds, (7} ligquid
acrylate compounds such as polyethyleneglycol diacrylate,
trimethylolpropane alkylene oxide-modified triacrylates, etc. and
radical geherators, (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




epoxycycl ohexyl net hyl - 3, 4- epoxycycl ohexyl carboxyl ate, and am no 'UN
conpounds, phenol conpounds, acid anhydride conpounds, organic 3§1mN2
conmpounds or oni um conpounds, (2) liquid cyanic acid ester resins
represented by 1, 1-bis (4-cyanatophenyl) ethane, and netal salt

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

di am ne conpounds, and am no conpounds, 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
hYdroPgahggQFQogﬁggtgg@ge§§ntﬁapbMuﬁnhxe&hwgenenglyoplpp@e&an@hﬁylene

gl ycol and glyceripn, and isocyanate conpaun L qu yl at
conpouf@sVEHiEhC 4B g8l§8?ﬁ¥? Eﬂ@%d?’d?%%?&ciFB?Zg?éFﬁe? §?gf%r%€£%§

al kyl ene exiige- nodef hadetir satvenatesy st & pabdiclzdkparngener atdewevem)
vi nyl group-,cont ai ni.ng.ligui o} g i SRRt PESct {8,
vinyIsgpaﬁ§d85n%8uﬁggggnﬁgﬁéngr%%8@3%0 tgfﬁpﬁéEggngghngsﬂga%d pl ati num
cat al ystspreferabhy bendachsibingleeint fumst dagberKfhanRd2Phstt ating 2 5
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ca

sol vent e renoved prior_to thernoc ression bonding. of,th C chip.
The ad&arelgaweﬁtefnﬁytbélawhW?J&?@ekﬂb‘\?&?’@ﬁ’é aﬁ@w@%??"gr nbF e(r)l%o avoi d

resi dugyicR hBeisyprepyal keEohbE ond imgryleadidone); ketpnebesabhyahas a
boi ling point of no hi r,than 250C | Iy h arbon
Ot A

sol ven cycC exane, exane, n-hexane and
pent aneieahgadhsksonsuehdassppbpropy! e teotfolsughd aBuefhyal 86AbR € ket ones

such a ro§¥§| 9@%{3@9%1%”359%& stoyleketPnro1malRvktheebubull kBéone,
K phor ong;

di et hy one and i1so esters_such as ethyl acetate, propyl
acet at @c&itdthsr yPusherat 8thyL§Rev L HorbdtIRg e tANd FABFF - acetates, such as

SFhYLeP%%bngheGQQQﬁﬁtﬁﬁhoethﬁl,etméﬂpydfﬂunynﬁmab1won®embybmethel,
lethyle

negl ycol _nononet hyl _ether. and. 3- mat hoxy- 3- pethyLbutyl  acetate; as
vel | a?tﬁ’iege&nds3F9‘§ﬁg§’xé’6hﬁ?‘?ép}%b‘t’€¥)l oarcrgrartoar %’o?gt Egslg. Ia’?he adhesi ve
subst apea viemy sbeoppeiisdugl ywpl acedord @f Wefiecured state by heating,

e'eCtVQWHQH%EQCaBBQ%QBQt%BPSQEnc§|ﬁ&&(ﬁ%{ﬂ%%vﬂddéﬁ%dbahk@a Rhi gr to nounting
the chip. In"the case o rght 1rradiation in the magggggg%hogange of from
Vi si bl semicured state by heating, electromagnetic 1lrra
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




light to ultraviolet light, a publicly known photosetting resin

conposition is added. Exanples thereof include conbinations of epoggj 2004
resins and photocationic generators, or acrylate resins and photor iygl
generators. Publicly known additives such as rel ease agents, surface
treatnment agents, fillers, pignents, dyes and the |ike my also be added.
As rel ease agents there may be nentioned waxes, zinc stearate, etc., and
as surface treatnent agents there nay be nentioned silane coupling agents.
As fillers there may be nentioned si 3%ca, alunina, talc, clay, etc. Al of
the respective conponents of the conductive adhesive ZH§§tance K). and

i nsul atdusg nad BESinFe "ubs TRdSe SERF EARGS beS nfBRH €% ¢ Hek FotsdéRiZed

var ni she+Qiy 3R eveRy dheperivicdntpeepar peihyinkneadiay byrhappdptiiage is
publicly known nmeans such %3 g kgeader O%h c%r gplte rcolele.n Tr}%nq% si;ye

subst afe& HiE G PMTaPYd 2R IF ¥ FBOVRI UF U PR £t eriferat ufe Fang i ch does
not degaadq dule raybgiredeer2d5 JUN 2004 55 during printing. This substance
is applied to _the substrat fter. formng { jrcud.t rinting

met hod. The%nﬁ’rei FAEG LS sélg’rsgf’l@ e%ut(KLyglg&pglb)l r}%\& _I?nola\ﬁﬁ%t %58 but screen
printi ngacsiviant iacijhuartiey soeper kedangher a@%ﬁ@é%wlﬁ(‘f andegL)
have 2 4R0MQ8.A0 +HeEREkiHEE sadbHS bEHASRg B8od & AIGIDIE i Rd A GligD of

connecti ons under ‘thernoconpressi on bondi ng cogyi%gqns-for
mount i ’dpeofchiphe Petsifis faplet BASBED @i FATRC B2 EeHheraltdf &5 &gé =8 “40- 250cC,
Wit hi n\a dHife o angR farQelw¥20.3e200dseamEldsM drd nvizt Hpime ss yrree s snarege  of
0.1-0.5 MPa. 2? eéﬁgple %f a nounting nethod will now be explained in

det ai | SA"9EF P&t &rende X 8% B@g. 11(A) to Fig. 11(E) and Fig. 1_2(6,3 ~to Fig.
12(F). Fi gsAnl2xAndie ©F) aameuhitegamhethodswikkinanhde stradiaiged i3l ifi ed
views QledlG TRWA IAG D0l @0 $390N1h Pafl 08 rid 1 (A)(H10 abl Big The ()

foll owng Steps are carried out 6 mount an I'C chip 23 at the nounting
positi o Aisf- &25F0st r Fes22 13iAMitenh (B) crreuliteza! (LS Foried as an

ant enna 1Ry thRe Swiags y ikesmeithede fegst ihgbadinseon (showkhe rimigsi.t 21
is formed on the substrate 22 (Fig. 11(A), Fig. 12(A))
11 (A) to 11(E)}.

The following steps are carried out to mount an IC chip 23
at the mounting position A of a substrate 22 on which a circuit
21 has been formed as an antenna on the surface by the method
described above.

(i) The circuit 21 is formed on the substrate 22 (Fig. 11¢(A),
Fig. 12(A)).

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




(ii1) The insulating adhesive substance (L) is used for application by a
printing nethod to forman insulating adhesive section 25 which d®ggN Rt
cover the sections of the termnals 24 (two shown here) of the IC 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. (iii) The conductive adhesive substance
(K) is used for application by a prisding nethod to formterm nal adhesive
sections 26 on the circuit 21 to a greater thickness than the insulating

adhesi Yﬁesgt@}ﬂni)ﬂa25a§9e§-§vé Oseﬁﬂﬁlltl’rfs GQl&EnatheW:ihcﬁh‘e tergqd nal & )24 Ffo -t he
| C chi E%ZS That is, (the, hei dﬁes& e Ssqptl on from

tq c of S nsg%at%
the citedft)-< ’??Fn‘érﬁe‘?‘%‘ﬁjcn% Df r? Fe¥GN°5684 e Lerm na esi ve
secti oggcﬂ@ﬁsthe €&y Chié t JufFeqred MoCrrekitgent 18¢C)y ) as Beefiiﬂelqmw ng to the

next S gRes the LSLEL Do adheal e, SeQ0vsoR0URY ey sublerded do dv eat mont

such a§ ecttonagnetic Trradiation or el ectron beamirradiation,
or it maaybbemwvédddretetlﬂf yta dcheharexéxstePep. TRn2BNYCRUSe, 1§ t1% s

necess el Shy1 &4 4 19 Nt Gnidat &V @hgt b ea EOTPORGHb Sndred ONee fdmvi Ng to
t he negt@%%ge)%%)??{)/) Th % I C ﬂh l23l i sepl aged b?/ an appropriate nethod so as

to mat BAVERE pOsFREORSXBfStHR- |nsul ating adhesive section 25 and the
term nal adhes)vensecti onsp 263 foy rmchdaa blyeant eppropr{aty reemhod s )asabove

{her moEBrBrESET B Bombthg 510t na oo o9, Racei? %éc*ﬁ?g" 22083, This
is preherabhyllnalraéﬂesmvelslersmx:msa afadwemethan the abeRs vk (Skktdths 25,

26 axe enperat angg; of; A@,250C, and vvlthl natime range of
0. 1- 12(5 E é;}V%nd thﬂ%?Df ressureﬂ rgnge of 1-0.5 MPa. After the

therrmcorrpré‘s’tlhﬁ EBHHPH@la‘fﬁeapﬁ’%re?ctt’-’lsoﬁsrrﬁﬁeﬂefEBn’bP‘éF&?fP’f‘%ﬁﬁsﬁa‘E%d by

pOStCUEbﬂgl}’Mt;;thhgﬁE o cﬁilsecn om&g;’letmqm)rradgatmmm Thi sTieospi £t €s
mount | n

he 1 C ch| éF %’h [ p.PLofect,, he nount ed
porti oﬁrﬁﬁefﬁglh’c‘:EﬁFb tﬁ‘é s (fPS\aSE‘SEUFg éc%or di g th %he i nvention
may bestekhiewed2by 260aténgioiin e wemperetyrer rpage of #HUATRIC portdon with
a poptbgghln 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 Qf 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 fregquency 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.




material or coating material. [Effect] It is thus possible to sinplify the
manuf acturing process for a radio frequency identification medium Q\A5tﬁls|NaZUﬂﬂ
nounted -1C chip. Wile the presently preferred enbodi nents 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 fi cati ons may be nade by those skilled in the art w thout departing
fromthe scope of the invention as set forth in the appended clains. 2 5
JUN 2004 57 WHAT IS CLAIMED IS: 1. A nethod of form ng an antenna for a
radi o fregHencys CIsMED ¢8t-i on nedium provided with an I C chip and the
antenna, said nethod conprising the steps of: printing a_ thernosetfing
conduct i Ve ﬂnasetéodmfafommrtgaﬂﬁ awtenna fohap@di fr@ﬁﬂ&”ﬁhﬂ&fﬁﬁ'céﬂoﬁ BEHHRe of

asubstrate e.lC ¢ n i nted

surface & PG "Y' 'ﬁ&)@«g'm ﬁagéﬁﬁaﬂéﬁ#etsgastg%q %&]?H%ﬂg ésefo cure
sai d ther m)set ririS P MRS ERirRPEGRIucie pRiste ins@pdttent with @ct;hra?ges of saiadi at ed
on said printed surface are near- infrared rays. 2. A method of form ng an

ant enna famterna adizosdrfanguiehe pubsicate 41 Wé!!qrbﬁedﬁoﬁmﬁﬁs aue R4 o claim 1,
uherein said therpsehhl Bonklgishdy 8r LAY el fSsdting BBRELANE Bhstéoht 11 @

subst ances.
infrared rays to cure said thermosetting conductive paste,

wherein, said infrared rays irradiated on said printed surface are near-

infrared rays.

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

according to claim 1, wherein said thermosetting conductive paste has no

substantial volatile substances.






