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Background Art
In recent years, demands for non-contact IC cards and
non-contact IC tags (hereinafter referred to as "non-contact
ID") for use in telephone cards, commuter passes, and the

20 like have been increasing. The non-contact ID uses a radio
wave for transmission/reception of data such as the residual
quantity of the telephone card, and the effective limit of
the commﬁter pass, and dgenerates, by a radio wave outside,
electric power necessary for the communication of data.

25 One method for producing a circuit for communication
with the outside/power generation, which is so-called
antenna circuit, is a printing with a conductive paste.
Conductive paste of a thermosetting or thermoplastic type is
printed on a resin film substrate such as polycarbonate,

30 polyester, polyester alloy, and vinyl chloride, and is
thermally cured or dried using a hot air circulation oven to
form the circuit.

The thermosetting type conductive paste is required to
be heated at high temperature after coating or printing on

35 the substrate (base, or matter to be coated), since it uses
as a binder a thermosetting resin such as epoxy resin, and



heati'ng apparatus, and thus is not only uneconomical, but 5 also suffers
fromthe linitations described below. That is, a conductive paste using as
a binder an inorganic substance such as a glass frit generally needs to

be fired at 800C or nore, which is therefore not appropriate for a
synthetic resin based substrate. On the 10 other hand, a conductive paste
using as a binder a thernosetting resin is applicable to a synthetic resin
based substrate. The material of the resin filmsubstrate often has,
however, poor thermal resistance, and typically has a thernmal defornmation
tenperature of 120C or less, in view of 15 printability, adhesiveness,
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example, parts placement 1s hindered in a subsequent step

20 using the resultant printed wiring circuit. Specifically,
the resin film substrate changes in size by as much as 0.1
to 0.5% in transverse and longitudinal directions, after the
substrate is dried or cured. The change and the amount of
change are not uniform in-plane, since the substrate is

‘25 subjected to heat history. In extreme cases, the resin film
substrate suffers unevenness, warping and wrinkling. The
dimensional change is especially apparent when unwinding and
winding the resin film in the form of a web (a strip or a
roll). The deformation and dimensional change of the resin

30 film substrate not only deteriorate the appearance of the
resin f£ilm substrate, but also break the conductor circuit,
or alter the impedance of the antenna conductor circuit,
thus adversely affecting its functions. Also, there is
difficulty in alignment, and a cycle time becomes prolonged

35 when the IC chip is bonded to an electrode section of the
conductor circuit to fabricate the non-contact ID.



10 per'sonal conputer, etc. The substrate made of, for exanple,

pol yethyl ene terephthal ate contracts in the step of drying the conductive
paste. As a counterneasure, the substrate should be pretreated, i.e.,
anneal ed. Further, it requires 30 to 60 mnutes to dry. The resultant
conductor circuit 15 has a defect of poor solvent resistance, etc. An
attenpt has been nade to formthe conductor circuit wth an el ectron beam
curing type conductive paste. Using the electron beamcuring type
conductive paste, the substrate is heated |less for curing as conpared with
the 20 thernosetting or thernoplastic conductive paste, whereby the
deformation of the substrate and the obstacle in the subsequent step as
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substrate is heated less for curing as compared with the
20 thermosetting or thermoplastic conductive paste, whereby the
deformation of the substrate and the obstacle in the
subsequent step as described above can be avoided to
advantageously conduct mass production of the conductor
circuits. However, the electron beam curing type conductive
25 paste has problems, for example, in initial conductivity,
and adhesiveness upon film forming.
To overcome such problems, Japanese Unexamined Patent
Application Publication No. 59-173904 discloses a method for
producing a conductive linear matter by irradiating an
30 electron beam for curing, and then heating. According to
this method, the cured matter has improved conductivity, but
it requires heating at 100°C to 150°C for 5 to 60 minutes
after the electron beam irradiation, which makes it
difficult to apply this method to substrates having low heat
35 resistance. Japanese Unexamined Patent Application

Publication No. 2-290280 discloses a method for curing a



whi ch can realize the mass production of the conductor «circuit substrate,
and is' effective in decreasing the production costs. 20 Another object of
the present invention is to provide a nethod for producing a conductor
circuit (where a circuit pattern is formed on a substrate, which is
hereinafter referred to as "conductor circuit substrate") having
excellent initial conductivity, hardness, strength, and 25 adhesiveness to
the substrate upon filmformng. Still another object of the present
invention is to provide a nethod and device for producing a conductor
circuit substrate (thick filmconductor circuit) for use in an antenna of
a non-contact ID, etc., with a very short 30 curing tinme for the conductive
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20 Another object of the present invention is to provide a
method for producing a conductor circuit (where a circuit
pattern is formed on a substrate, which is hereinafter
referred to as "conductor circuit substrate"”) having
excellent initial conductivity, hardness, strength, and

25 adhesiveness to the substrate upon f£ilm forming.

Still another object of the present invention is to
provide a method and device for producling a conductor
circuit substrate (thick f£ilm conductor circuit) for use in
an antenna of a non-contact ID, etc., with a very short

30 curing time for the conductive paste, without producing
unevenness, warping or wrinkling of the resin film substrate
in the form of a web or the like, and with high productivity
in a compact facility.

Yet another object of the present invention is to

35 provide a non-contact ID and a production method for the
same, which can be applied to a substrate having poor heat



pOIynerlzabIe conpounds are used, or a substance other than the active
enher gy’ beam pol yneri zabl e conpound Is used, the 25 m xture thereof should
have the above defined internal stress. Also, there is provided a
conductive paste containing a conductive substance, and an active energy
beam polynerizable conpound, in which a cured matter, obtained 30 when a
conposition of the paste excluding the conductive substance is cured with
an el ectron beam having an accel eration voltage of 175 kV and an absorbed
dose of 40 kGy, has a glass transition point of OCto 200C. By using as
t he binder the conposition that gives a cured matter 35 having the gl ass
transition point wwthin the above-defined range when cured with an
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the resin fllggove defined range when cured with an electron beam,
the conductive paste of the present invention can form a

20 circuit pattern having a suitable volume resistivity and
excellent adhesiveness, even onto a substrate having poor
thermal resistance. When two or more active energy beam
polymerizable compounds are used, or a substance other than
the active energy beam polymerizable compound 1s used, the

25 mixture thereof should have the above defined internal
stress.

Also, there is provided a conductive paste containing a
conductive substance, and an active energy beam
polymerizable compound, in which a cured matter, obtained

30 when a composition of the paste excluding the conductive
substance is cured with an electron beam having an
acceleration voltage of 175 kV and an absorbed dose of 40
kGy, has a glass transition point of 0°C to 200°C. By using
as the binder the composition that gives a cured matter

35 having the glass transition point within the above-defined
range when cured with an electron beam, the conductive paste



substriate can be transported at an increased speed, 30 inproving the
productivity. The rotary type printer uses a very efficient printing

met hod which is as efficient as printing a pattern onto fabric. Therefore,
by printing the conductive paste, by using the rotary type printer, on the
resin filmsubstrate that is transported in a web formor 35 the like, a
sequential printing is possible, at a high speed and of a uniformquality.
6 A fourth aspect of the present invention provides a device for producing
a conductor circuit substrate, conprising: a filmunw nder for feeding 4
resin film substrate, a rotary type printer for printing a conductive 5
paste containing a conductive substance and an active energy beam
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20 A third aspect of the present invention provides a
method for producing a conductor circuit substrate,
comprising the steps of: (I) forming a circuit pattern on a
resin film substrate by printing a conductive paste
containing a conductive substance and an active energy beam

25 polymerizable compound with a rotary type printer, and (II)
irradiating an active energy beam to the circuit pattern.
The conductive paste is of an active energy beam curing type,
and is cured 1n a very short time, whereby the resin £ilm
substrate can be transported at an increased speed,

30 improving the productivity. The rotary type printer uses a
very efficient printing method which is as efficient as
printing a pattern onto fabric. Therefore, by printing the
conductive paste, by using the rotary type printer, on the
resin f£ilm substrate that is transported in a web form or

35 the like, a sequential printing is possible, at a high speed
and of a uniform quality. '



(4 turn) in one enbodi ment of the conductor circuit 7 substrate according
to the present invention. Fig. 2 is a plane view of an antenna conduct or
circuit (6 turn) in one enbodi ment of the conductor circuit substrate
according to the present invention. 5 Fig. 3 is a plane view of one

enbodi nent of a non- contact ID according to the present invention. Fig. 4
Is a schematic di agram show ng one enbodi nent of a conductor circuit
formng device line. Fig. 5 is a plane view show ng one enbodi nent of
screen 10 printing on a resin filmsubstrate. Fig. 6 is a schematic plane
vi ew showi ng one enbodiment of a rotary screen printer. Fig. 7 1is a
schematic front view show ng one enbodi nent of a rotary screen printer. 15
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The non-contact ID uses the active energy beam curing type

conductive paste, whereby a uniform conductor circuit can be

formed without causing damage to the substrate, even if the

substrate has poor thermal resistance. Thus, high quality
20 non-contact ID with predetermined communication range

properties can be obtained.

A sixth aspect of the present invention provides a
method for producing a non-contact ID, comprising the steps
of: (I) forming a circuit pattern on a resin film substrate

25 by printing a conductive paste containing a conductive
substance and an active energy beam polymerizable compound
with a rotary type printer, (II) irradiating an active
energy beam to the circuit pattern, and (III) mounting an IC
chip on the resin film substrate. It is possible to produce

30 non-contact ID in which the conductor circuit of uniform
quality is formed continuously at high speed with high mass
productivity and low costs using a compact facility.

Brief Description of the Drawings
35 Fig. 1 is a plane view of an antenna conductor circuit
(4 turn) in one embodiment of the conductor circuit



5 An ‘el astic nodul us of the cured filmon the alum num deposited PET film
i's calculated using an elastic nodulus of the PET film alone, and an

el astic nodulus of a conmbined filmof the cured filmand the PET film The
internal stress (PO of the cured filmon the 10 al um num deposited PET
filmis calculated by the deflection radius of curvature (r: unit, mm,

the elastic nodulus of the substrate (F: unit, Pa), the elastic nDdqus of
the cured film(E wunit, Pa), the thickness of the PET film(dl: unit,
mr), and the thickness of the cured film (d2: unit, 15 mm using the
foll ow ng equation: PO = 2{Fx(dl)3 + Ex(d2)3}/3r(d2)2 In a preferred

enbodi nent, the cured matter, obtained when the conposition of the present
i nvent i onSERELTALRY 2CROTIGNGo FQudDiey Pregsditaddyend i0f-ed with an el ectron
beam havi ng anigccelesaalpmauelbaee of akSak¥Yennd aanab&ebbedidesetof 40

(&, has 860kass) GRS QQuBHNERS! ACHhR AUkl e cliges transition

poi nt of the exce itra conduc S0ty and
adhe5|ven§§§5ﬁFﬁﬁetﬁ§°9ﬁﬁéﬂﬂa¢@ ihe PSesest, laventd®Nconductive paste may

not bes used prnsglcalis a plahBev@gbnsert basseboaimehst ofsal asa-t han 0C,
t he cured Bkggkoﬁﬁt 8%g%q“§tlve %gségeg %thEﬁgflgy %nt har dness and

nechanlcafostreng ot be us Fact ical dl t hough sufficient
conductivity wol¥d ﬁelﬁrévﬁébﬁmath@ Q@agréﬁsShPHhQBtPGﬁ gobadipenthefcur ed
nmatter isamesadupteirecablcyi®@CrioemiagCaevdrecilanley preferably 30C to 170C

W thot he o Lot ot ebRod. PTARS cfA& ShofFhb “bapToMRERLRARS PrasEBRERert on
of tHé’paQFéné%BBuQPnQ res iph &1dan subsitrateubst ance is cured with an

ggegtron beamFig. Cﬂtisnhosahéhétﬂ?h9¥hﬂ6 aléwdghowiﬂé Bﬁhaeﬁbadhﬂeﬁt¥hof
mm e_t S e is measured with a mcroneter e
sanpl e |sg%easgreggg §0% gggqgféstlc nmodulus (E') and a |loss elastic
modul us (E') aB8i@- f&néﬁlénscbﬂmatiénﬁéﬁatuVéewnShoaiﬁgnaﬁﬁcemeQé@Ba§tlC|ty

measuri ngo¥ devbeéargt sereenspaihtkirequency of 10 Hz, a tenperature of - 50C
to 2 , and a tenperature rising rate of 10C per ninute. A | oss tangent
(tanq%§ that is aratioof E to E' is plotted to the tenperature. The

t enper at ure where aBesthiMads ifar fHRTRYIng Qutithel Invemelep ass transition

point 10 of thecémpeditmbhecondietdnyi ¥y& €ner gynbeatipel paBLEZ3E! €he
conpound b?egent invention excluding the conductive substance is such
that the cured matter obtained when the composition 1s cured
20 with an electron beam having an acceleration voltage of 150
kV and an irradiated dose of 40 kGy, has an internal stress
of 5 to 50 MPa, preferably 10 to 40 MPa. If the internal
stress of the cured matter is less than 5 MPa, the
conductive paste cannot provide the suitable volume
25 resistivity. If the internal stress exceeds 50 MPa, the
conductive paste has low adhesiveness with the substrate,
and does not reach a practical use level.
The internal stress of the cured matter is measured as
follows: On a non-deposited surface of an 12 pm aluminum
30 deposited polyethylene terephthalate (hereinafter referred
to as "PET"), the composition for the measurement of the
internal stress 1s coated uniformly at a thickness of about
10 um using a spin coater to form a film. Then, the coated
matter is irradlated with an electron beam having an
35 acceleration voltage of 150 kV and an irradiated dose of 40
kGy under nitrogen atmosphere to cure the film. Due to



conpound pol ynerized by irradiating the active energy beam and is
preferably a conpound having an ethyl enic unsaturated 15 group. Exanples of
t he conpound having an ethylenic unsaturated group include (neth)acrylic
acid, (meth) acrylate conpound, vinyl ether conpound, and polyallyl
conpound. These conpounds can be used alone or in conbination of two or
nore thereof. The el ectron beam 20 curing type conductive paste is cured
using an electronic beam having strong perneability as a trigger. Even if
it contains a |arge anount of conductive substances, the electron beam
curing type conductive paste has higher curing property, for exanple, as
conpared with an ultraviolet ray 25 curing type conductive paste, and is

pr ef er abl yuribieg. cohtradeidénpt thacrgbal eanbvnpoved, fexanpheshef aduminum
”D”OfU”th'?] fé&tﬁ‘ivﬁcf%irﬂtﬁ EPEP H”Qn'QEJ:UQS LN hé”E pLac thﬁt

et hyl (et crylate facr ate, B ¥ ?acr ate, §0

i sobut yl (FetHYEEAS aaRd E%?h ?dfe ﬂy*%n@ @PPEB#%HEtﬁ)QGf}P&%éOD

met hoxyt rr&dhys eve c@tvaﬁhféEbh)anéyhﬁteisnmbuehﬁéaethyI(neth)acrylate, 2-
et ratyar of ur Pir yL T 1 albarif B r@%%ef%y%@ﬁ Afe gpaminum
benzyl ( ned®Ree+{¢@t BET 2 h%ﬂr%ﬁy@?h??%ﬂﬁ? ) 88109 a8R, eéaStiC modulus of

hydr oxyprety | BDRt ) Berylehe, andyanoxyastyt (medblasr yFahecomBined

4- hydroxy?Eiﬁ'{Pe{ﬁga8&¥é§tgil$ngﬁg)ﬁ§%2#§¥ggf¥ﬁghyI hydr ogen succi nat e,

(et h) acrylT oyloxypro

(met h) acryl oyI'T&@yét Jhﬁfrliﬁﬁﬁ)r ) ¢htihe fwred| §E1wyon nElae) acryl at e,
2- hydDOXYaﬁJtﬁilﬁi@rhydi@yng’d@dOBET(:E’fflxh)Bﬁrdh%@laﬁéd biethekaefrksatpbas of a

g?i%éiﬁ?é%éé#ﬁ% éE?%?%?%{%LétFrCOHR?H”ng #geei?thsxﬁgﬁgéggyPene gl ycol
d|(neth)aEh?l%E%Strﬁb%péﬁtyvnbgycBﬂ)dlth%tﬂ}%ﬁF%Paﬂ@duéFﬁypéné &xi de

modi fi ed d@rdd SphEROIEA @n{ Rt PARCTr Yhat ehipkneyseoe exedeEwodifimeddl:

bi sphenol s £ (i} a6 VERL eenl LIIELOVLE! phopaeea! £ LIt RYICEKLEL

ethylene OxTde o propane tri acrylate, propyl ene
oxi dés nﬂHF}|%%1%9|h%@h??biﬁwbﬁan%qﬂﬂtiﬂ%th)acrylate 15 pentaerythritol

tetra(meth)acryl at @ di brip®ianyP ok propans’y fxt e yret h) acryl at e,
di pentaerythritol hexa(neth)acrylate, pentaerythritol di(neth)acrylate,

pentaerythritol tri(nmeth)acrylate, dipentaerythritol tetra(neth)acrylate,
In a preferred embodiment, the cured matter, obtained

when the composition of the present invention excluding the
20 conductive substance is cured with an electron beam having
an acceleration voltage of 175 kV and an absorbed dose of 40
kGy, has a glass transition point of 0°C to 200°C. 1If the
glass transition point 6f the cured matter exceeds 200°C,
initial conductivity and adhesiveness with the substrate are
25 poor, and the conductive paste may not be used practically.
If the glass transition point is less than 0°C, the cured
film of the conductive paste has insufficient hardness and
mechanical strength and may not be used practically,
although sufficient conductivity would be provided. The
30 glass transition point of the cured matter is more
preferably 0°C to 170°C, especially preferably 30°C to 170°C.
The glass transition point of the cured matter is
measured in accordance with the following method. The cured
matter, obtained when the composition of the paste excluding
35 the conductive substance is cured with an electron beam, is
cut into a strip having a width of 5 mm and a length of 30



di pent'aerythritol penta(neth)acrylate, urethane acrylate, 20 epoxy

acryl ate, ester acrylate, and the like. The use of three or nore functional
uret hane acrylate of the multifunctional (neth)acrylate conpounds |isted
above increase the curing contraction percentage, and decreases the

vol une resistivity, but does not decrease adhesiveness. 25 Thus, an
excel l ent active energy beam curing type conductive paste can be obtai ned.
For the vinyl ether conpound, exanples of a nonofunctional vinyl ether
conmpound i ncl ude hydroxyet hyl vinyl ether, hydroxybutyl vinyl ether,

cycl ohexane 30 di net hanol nonovi nyl ether, cyclohexyl vinyl ether, and the
|l i ke. Exanples of a multifunctional vinyl ether conpound include a divinyl
et her conpoundTBecbhhickresy| efietheysampldi ksnperasuned, wditbt Byl ene gl ycol

gIVIgy: a&f@%@méféfth%tﬁ@eséé QEYEglméh¥hE¥h fbbea SEBQBybee&agkxgoll "
i viny [iprop co

di vi nyl i?luﬁeL§ gt%ngFy ?%Fﬁg? FHEP uf AE Bu?ﬁnéd% gﬂépnyl

et her, 1, @fh@xaﬂmnenatUrelwytheahéynamgbyvésobeaastmyhtetmeasurlng

trimeshyl gtpiopage di ¥oRytakthere uénéydbhygbOH¥CYE|Qﬁﬁﬁéﬁﬁtﬁkﬁ'BE' -et her,
1,4 5 dih q;oxy ;gﬁﬁlcyclohexane 3|V|ny et her, blsphenol % di et hoxy

di vi nyl q’ié-‘r tg)i24h&nornd @ deApeFatiuFenyiisdmiserate af (HCl PRE Exanpl es
further |m£ﬁwﬂe t hnekoss tangefitin¢tannd) thpatyvsngl ratherofoRpotuadE8uch as

gl ycerol ié'ﬁ18¥£e8tPérthéotéﬂﬁékhﬁhréetr@ﬁb“¥bm§é?ﬁ&urbfWE%EQVEQ|prOpane
trivinyl ether ent ae r thrito entaerﬁghrltol %traV|nyI

ot her | di BRREEGHY PRy PoSME s a0t haLhefnab, thPpatEas: JEAPRLORO, GOy,
etheﬂp di ¢f i tie¢ hguoedrophhert et r avi nyl ether dltrlnethylolpropane
pol yvi nyl ether, and the |ike. 15 Exanpl es of the conductive substance for
use in the conductlve aste include negal Pﬁ er such as goi silver,

i 80

copper, silvert} ASH YOI POVRRAM RO1YRS ¢ CORBYYRR fder ,
si | ver - coppepoahd opplymekikedchyonruadipélihgditbe) a2® iskeuenewrgy b@ngsten

ﬁDlybde”“&hdpiét?Péﬁbfﬁﬂlyhs Eb%ﬁounh“HEGQHbCaﬁUQ§h§ﬂ661&0WQ%%t%Q%k%ﬁ W th
t hese netal s um oxi de and the

T redd o aEeip Lonbkamaien PRoLBeEoRPoURHqBeYipE; BBn SERELRE ALy anm t o and
t he |i ke.uffsmtorahedegobuphéseludaddoeithd¢acrylic acid, (meth)

acrylate compound, vinyl ether compound, and polyallyl
compound. These compounds can be used alone or in
combination of two or more thereof. The electron beam

20 curing type conductive paste is cured using an electronic
beam having strong permeability as a trigger. Even if it
contains a large amount of conductive substances, the
electron beam curing type conductive paste has higher curing
property, for example, as compared with an ultraviolet ray

25 curing type conductive paste, and is preferably used.

In the (meth)acrylate compound, examples of a
monofunctional (meth)acrylate compound include
methyl(meth)acrylate, ethyl(meth)acrylate, n-
butyl(meth)acrylate, t-butyl(meth)acrylate,

30 isobutyl(meth)acrylate, methoxydiethylene
glycol(meth)acrylate, methoxytriethylene
glycol(meth)acrylate, n-buthoxyethyl(meth)acrylate, 2-
phehoxyethyl(meth)acrylate, cyclohexyl(meth)acrylate,
tetrahydrofurfuryl(meth)acrylate, isobonyl(meth)acrylate,

35 Dbenzyl{meth)acrylate, 2-hydroxyethyl(meth)acrylate, 2-
hydroxypropyl(meth)acrylate, 2-hydroxybutyl(meth)acrylate,

10



25 substances may be used in conbination. Anmong the conductive substances,
the silver powder is preferable, since it has high conductivity, and
causes less increase in resistivity due to oxidation. The conductive
substance can be any shape of grain, 30 ball, flake, scale, plate, branch,
cube, and the like. In consideration of the contact of the conductive
subst ances each other and the flowability of the conductive paste, the
branch, scale or ball shape are preferable. The conductive substance havi ng
an average dianeter of 35 0.1 pmto 100 pmcan be used. In view of the
conductivity and the flowability of the conductive paste, it is 12
preferable that the average dianeter is of 1 mto 50 m and nore

pr ef er abl 4-HydoogpbutyThwe thpaagpldiane(vethe¢acrnloydanyedhydl unetric

e SO SO ALY openthee Loy onp e decgelte
conduct | PRSBALAES o5hlBGh) REFYRPY SRRV ELRYY A2 R EdEBRYDEPRN d RishA1atE.
conduct i vglycbdyl teetbpacedlatem Rehpddoxymnd-nore preferably 60 to 90% by

ue, 0 Bepto Ptk pitab Ly e arelSathochanduk v pasto can cotai
properties of Ei’??é“ﬂﬁseoéﬁo%t HEHfyrcibon ’HF%H%}&%Y{:%?,C P B?élm,er
havi ng a jmtjudei Xab+bexdergdielofiilfieth)a00pPlater trikahyigne glgbei

average ngi F&é”cﬁh&f%%*ceo“ t}%rsg?,i@ﬁei §1yBbef @ighken)ibeyhiarder pol ymer

may include a radica of rizable ethylenic unsaturated grqQup.in the
ol ecul e, NORRERBY S ILKEPRaBL AEPSRY EOFELRRe . pBEPELEBE PELAR MafRFdePesin.
epox\ or esbhsphpehyli Aydi(meth)atrydadveesprnppygileneonxidsi mpd2@ipldenol resin,

Fesin oy ppendR ARELEREhraLRy 1R0sY A RBR Ry RoaAR eyl At e
mal ei ¢ aﬁﬁ§ﬁ??aﬁ§aﬁﬁglFﬁ8'l?EBYZSHFhBFlQﬁ Wﬁé&%&%gted group is introduced
t her ei nt otrIhethpdohprapahe tyédmekbhecoylate,2bropybenat oaxidef two or nore

thereof . Mbefeibe ePRANERYYB1BRSANES teU(Reth)bBgqulraviolet ray, a
photqi nitiator an hotoinitiato I d ﬁagebeﬁgg d e conductive
co

past &3 AJEB?t%egﬁgbgﬁ °&aﬁeE€a538§é)gﬁry EgmﬁéhgégagrPPaBFder to
adj ust t heetvra(meihyac8@lexanphéepentathygtboliteit herel(medéhlecaydsate,
aromati cspeRt 5@PQLAritol di(meth)acrylate, pentaerythritol
tri(meth)acrylate, dipentaerythritol tetra(meth)acrylate,
dipentaerythritol penta(meth)acrylate, urethane acrylate,
20 epoxy acrylate, ester acrylate, and the like.

The use of three or more functional urethane acrylate
of the multifunctional (meth)acrylate compounds listed above
increase the curing contraction percentage, and decreases
the volume resistivity, but does not decrease adhesiveness.

25 Thus, an excellent active energy beam curing type conductive
paste can be obtained.

For the vinyl ether compound, examples of a
monofunctional vinyl ether compound include hydroxyethyl
vinyl ether, hydroxybutyl vinyl ether, cyclohexane

30 dimethanol monovinyl ether, cyclohexyl vinyl ether, and the
like.

Examples of a multifunctional vinyl ether compound
include a divinyl ether compound such as ethylene glycol
divinyl ether, diethylene glycol divinyl ether, triethylene

35 glycol divinyl ether, propylene glycol divinyl ether,
dipropylene glycol divinyl ether, tripropylene glycol
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ceél |l osol ves, ether alcohols, and esters. Two or nore of these solvents may
be used in conbination. Exanples of the ketones include nethyl ethyl ket one,
met hyl i sobut yl ket one, 3-pentanone, 2-heptanone, and the like. 35 Exanples
of the aromatics include toluene, xylene, ethylbenzene, chlorobenzene, and
the |ike. Exanples of the 13 al cohols include nethanol, ethanol,

| sopropanol, normal butanol, isobutanol, ethylene glycol, propylene
glycol, benzyl alcohol, and the like. Exanples of the cellosolves include
met hyl cell osol ve, ethyl cellosolve, butyl 5 cellosolve, hexyl cellosolve,
and the |ike. Exanples of the ether alcohols include propylene glycol

nmet hyl ether, propylene glycol ethyl ether, propylene glycol butyl ether,
and the |dkeinyksihes, Jleepentsl cgbyeok| treinyhyethert ale4- butyl acetate,

no; hmal]I ]Seﬂdﬂﬁ%dd/fbﬁc&;%xﬁiﬁyl b%*tl‘i%r caf pé Ilﬁ)éxéaﬁ)edl:g@.‘tl a&fviﬁflﬂ égl_&ei:l ke. t Ehe

et no or ro | e, conauctoy_circul SUpsira 0 e
oresent (SREIREh Covy keators: Chrinetiytorprolond E19FEYI (eetl L0
a subst r at 4 udihgdnexyeirc tohexane v@lpbryt @thene présent invention, and (b)
i rradiat i dith Pl defrhe'En 1§ 8YoRERam é OaiVEn ¢l r§thér pabiepRenolsang this

met hod, the conductor.ciycujit substrate o Lech h LI cul rn made
of the cdﬂﬂﬂ%ﬁ%ﬁyréék%9¥# ¢ %eerééi% e?%ge%?#%%t?éxfog%%ggtgnggéégfovided.
That is, aeriheQlikeprovided the conductor circuit substrate produced by

the nethod f@xapAHEI NG tHEr GHEIUCEO It dS W ridistidietiqggording to the

present inventjo Figs. 1 and 2.are plane views eagch,show n n_ant enna
conduct or® ¥Yﬁﬁ§&a%t%?ﬁiﬁ%mP%u%ﬂes o%?n%%¥c%¥°$hgrigl§§%dgg of ‘circuit.
Fig. 10 regomesiint telirevinyéortiberer trdmedhiyilolpropaaerityivAnydpretdtaiis a 6
turn con Odefy bt tol 20ri v ESPECELNELY  pést 4By EHPSEH Bt Cet RAVERPXY

ol yeot ere e, apRPRerveRASES) SEUSTIRVE oPREF. a¥ERERCEECRRRERY T 1 &
pol ycar baprtyvinyin etheo| ydutfonethylodpropangetabravinydnetherim a

pol ypr opyd £ei hé t 1y 181 ¥+ohnENpOLydenyl| 8thépd 4he thékeiran be used. In
t he ﬁgep (a), the circuit pattern can be formed by 35 silk screen

printi'ng, rotary screen printing, offset printing, netal mask printing,
and the |i ke. B¥ampfles of the conductive substance for use in the

conductive paste include metal powder such as gold, silver,
copper, silver-plated copper powder, silver-copper combined
powder, silver-copper alloy, nickel, chromium, palladium,

20 aluminum, tungsten, molybdenum, platinum and the like;
inorganic substance powder coated with these metals; metal
oxide powder of silver oxide, indium oxide and the like;
powder coated with these metal oxides; carbon black;
graphite; and the like. Two or more of these conductive

25 substances may be used in combination. Among the conductive
substances, the silver powder is preferable, since it has
high conductivity, and causes less increase in resistivity
due to oxidation.

The conductive substance can be any shape of grain,

30 ball, flake, scale, plate, branch, cube, and the like. 1In
consideration of the contact of the conductive substances
each other and the flowability of the conductive paste, the
branch, scale or ball shape are preferable.

The conductive substance having an average diameter of

35 0.1 um to 100 pm can be used. In view of the conductivity
and the flowability of the conductive paste, it is

12



consideration of the thick filmformation and the productivity, rotary
screen printing is especially preferable. In the step (b), an active
energy beamis used as the 5 trigger for curing the conductive paste, and
exanples thereof include an ultraviolet ray, an electron beam a y ray,
an infrared ray, and a visible light. The electron beamis preferable from
the viewpoint of the curing property reaching to the interior of the
conductor circuit, and due 10 to having |l ess inpact on the substrate on
which the conductor circuit is forned. It is preferable that the active
energy beam be irradiated under the conditions so that the cured matter,
obt ai ned when the conposition of the paste excluding the 15 conductive
subst anceprefenately tlast ttiee i anerage dtamstenfis ofol GOMMR.SAIWD, it is

preferablgd hyrd Noroed + 51 NI QY 296aM berid radlAd g asifetdhenepadhtions

so that the cured tter, ‘obtal ned en th 0 1 ti.on of paste

excl udi né“eﬁrhse %o%oag@?‘?%i%u%%?%?ﬁ% 4\4;6“3% %Ig,rg%ag}é{?f%ée & aés)sl%%]gﬁsi tion 20
poi nt of QETHTARVOD® .meMeedihe el ectron beamis used as the active energy
beam st he desithed aplcRGit’ ¥F ReRMdoHERRR i Futtdicedls qlastdbBeam

I rradi ati evi ce havi ng an acgcel eratin vol t age ef er abl n_t he range
of | 100t G H00T RELR Fioriosh £ orhtnt oarendeielte. HR8LYsh obo Ly,
from t he weiakgoian leds sin fviewenef catrengtaand ngonduehtvihy eef othef t he

conduct oredd tedlif1 BRIFSARETE 40d tHGrSUpsd£at£o1¥\60 | £6 adlpat ey Wesenef the
el ectron beamis preferabclPX JE)P t he %%nge of 1 to 1000 kGy, and nore
preferabltifaﬁ tHE F}éﬁﬁg%o% 3o 5% 1 RS0 kGy fromthe viewoint of sufficient
curi @§ reaching to the interior of the conductor circuit and damages to

the substrat e iR Gt ddit AP haiadss gletwridit nesl as

fol | ows: filmfor measuring the d 3? #ﬂﬁ?DIACH ILMEMW—GO-OOf
havi ng a 3 tndRstE % S.%O#Yav%u?fiﬁl'e PO AT p®) % s irradiated
with a stprrpexctiss refli the orusedreeateadodlmmueAs alhe tbindersr pp hgmer,
correl atiorpoBfméendvLmgi 21 g6l fiase: wh ¢ forbsasheaces ofot be 10bop, Toen, the
|rraﬂ ated dose of the f|In1|rrad|a%ed %hwt t apd ﬁ,ugqﬂﬁatlon source
by ch qﬁiﬁ?r%uﬁ%ﬂ T FFYRT AR PRe®ey 5 %.i%fb%ﬁc as-% col dfed film
i rradi at preferable. el Bee roindéeapelyned may t hrchivderperadbealof the
el ectron hi¢BMerizable ethylenic unsaturated group in the molecule.
Examples include acrylic resin, polyester resin, alkyd resin,
epoxy resin, polyvinyl resin, fluororesin, silicon resin,
20 phenol resin, amino resin, polybutadiene resin, polyurethane
resin, and the like. The resin may be reacted with
(meth)acrylic acid, glycidyl (meth)acrylate, maleic
anhydride, and the like so that an unsaturated group is
introduced thereinto. The resin can be used alone or in
25 combination of two or more thereof.
When the conductive paste is cured with an ultraviolet
ray, a photoinitiator and a photoinitiator aid can be added
to the conductive paste. Also, a solvent can be added to
the conductive paste in order to adjust the viscosity.
30 Examples of the solvent include ketones, aromatics, alcohols,
cellosolves, ether alcohols, and esters. Two or more of
these solvents may be used in combination.
Examples of the ketones include methylethylketone,
methylisobutylketone, 3-pentanone, 2-heptanone, and the like.
35 Examples of the aromatics include toluene, xylene,
ethylbenzene, chlorobenzene, and the like. Examples of the
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After ‘curing with the active energy beamirradiation, it is preferable
that the conductive paste is heated at 10 1200C or nore for about 2 minutes
in step (c) of applying heat and pressure. The resistivity value of the
conductor «circuit can thereby be decreased. However, heating at 1200C or
nore may deform substrates with poor thermal resistance, and therefore is
difficult to apply. In the nethod for 15 producing the conductor circuit
substrate using the conductive paste of the present invention, it is
preferable that pressure is applied while heating at about 800C to 1000C.
A conbi nation of applying both heat and pressure can pronote the
orientation of the conductive substance and decrease the 20 resistivity
val ue at adomnlio 1800 d¢loudd Ot laanah) oéthdrmol subs¢prdépansl nohodmédr ned. |f

the tempefalddy | SidAngeddd), SO edd e% t%%’ﬁ‘yi’én%f&ﬁ%ﬂ“c“ ve
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It is notP§itafleraifdrthatathetRenbbfat urkxamRER?sOq 0bde, cob1p8eale
subst r at eésnaiiude mi;h;obomellmmm&erestm:amellmg'obee detibybed. The pressure

can bg appl féisd’!x}é‘ 6h %i c@?ﬂoi&lv@reéﬁ&a%é( flléé’ 20&%?%&&% ﬁPdtHQre
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m
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val ue |spnvpyrenn(gﬁYqoxnemhyxxbthérIfpr¢p¥$smeegbxcehdbut2m &ghérm the
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present invention conprises trate, on circu attern and an
| C 35 chiftfl afpitRr Boemal reellosnlveracetaty. fBRkEY 39r91 €bnduct i ve
past g0ocordae tatyy, aarmdnchetiilee subst ance and an 16 active energy beam

pol yneri zabl e conpound. The non-contact |D can be obtained by, for

exanpl e, nmounting the IC chip on the conductor circuit substrate
manuf act ur ed Fret A tasd EormRaBid hdthfoForughr® el xitod for produci ng
t he non umstmrcie |dz@medink ngo t the hergsaseninventebdn otomprises bhe

descr | be%ﬂé}%{ of AP YSbhiyg 04 éfr&gi{’%? E nE%? ggugtg bQ@ra%Qeuﬁﬂpét rate.

Pr ef er abl e circuit attern can usi ng e conductive paste
of tha prté'éeerﬁm?qﬂf'e‘?ﬁ‘f% aske of 3the pregfepk W‘é‘?\?%h‘b\h n@g"PBakP)of the
non- cont eﬂmtradlatﬂ.ﬂs_r;) anpat@tme eshendy dveamt to Thiee | €irbupt 3pat semmunt ed on

the con di§”rhétl‘?<9d Tﬁ?es&@éaﬁ@e@r heJrﬁéuiJae ﬁegéysrcgeoﬁw yif and

the IC ¢ C‘E‘)‘E?er and m5|m strate of
the conddHicErTRLE (PaktRrn chade pf stherconductor paste of the

present invention is formed can be provided. That is, there
20 is provided the conductor circuit substrate produced by the
method for producing the conductor circuit substrate
according to the present invention.
Flgs. 1 and 2 are plane views each showing an antenna
conductor circuit according to one embodiment of the
25 conductor circuit. Fig. 1 represents a 4 turn conductor
circuit 10, and Fig. 2 represents a 6 turn conductor circuit
20, respectively.
As the substrate, an epoxy laminated plate, a paper -
phenol substrate, paper, synthetic paper, a polyester film,
30 a polyester alloy f£ilm, a polyphenylene sulfite f£ilm, a
polycarbonate f£ilm, a polysulfone film, a polyether sulfone
film, a polypropylene film, a vinyl chloride f£ilm, and the
like can be used.
In the step (a), the circuit pattern can be formed by
35 silk screen printing, rotary screen printing, offset
printing, metal mask printing, and the like. 1In
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15 nerorizing, storing, and conputing data. A dried filmthickness of the
circuit pattern formed is preferably 10 to 200 mfrom the vi ewpoi nt of the
circuit resistivity value, and curing properties. If the film thickness
is less than 10 m there is a little chance of 20 contacting the conductive
substances with each other in the filmthickness direction, and the vol une
resistivity is prone to vary widely. As a result, the circuit resistance
may be unstable. If the fil mthickness exceeds 200 m the active energy
beam may not reach the inside of the conductor 25 circuit, which may be
uncured. The non-contact IDis an RFID (Radio Frequency ldentification), a
non-contact type I1C card, a non-contact type IC tag, a data carrier
(recordi ngomeidenytion af vheekbiskcéidm &numatéeonaandditbewave for

| denti 11 9oo d0oL 06 ¥ dugbr ALy ! QE-bEANBFLARAAR 1808RBLARAgA ydal @ betueen a

reader or reader writ e non-cont act s appl |cable to settl enent
of a fee QE@?%E?P%% systen1 a financial managenent system etc.; |ID
managenent andittierstepraflapenemt active remergnt beamgl s cavedgasabhgenent

syst em) at§§ i £al- EBPEHQ”?HE a¥nhalY 1 GEC asEQS'EhB”eQE %ﬁ%@ent of a

road utilrzatTon and congeSti on nmanagenent System a frelg 17 and baggage
t racki ng thereefageatndesynt Bhtravéolmef 8V ngnt 8lerErPpgBeas. @ hdre wil |
be describeyg, aannehfivdrédr ragodaning vheibaedltpht .ci Thei klechsionate 5

accor di ng,{ gt hg Bf@?@?ébiav ?Bhoﬂ COEB&thHQ B?etﬁEeBErQB pllobel@M N9 a

circuit pattern oh a resin n1su trate % printing a co dictve paste
cont ai ni nfgeackbRautei the %BB%F&HEe°5thSn°8 9P9§°€n€ﬂ§9uﬁéanﬁﬂglﬁﬁﬁrlzable
conpawnd tev havangolasy iLypacpr ont ¢he andstikbhtei bnaghachnghen active 10

energy beam Q-8 SiFeHit E@tESE@e and a device for producing a conductor
circuit substrate, conprisin Fn1 unwi nder for feeding a resin film

substrate, a rokaty Eﬁﬁﬁﬁripf%tEPaFthﬁr?ﬂF4ﬁ§ anergduRefPePBast e
containingrnadmaﬁadtuneesubBEanoadamdoae got thatenbdegyulredmmadltyreri zabl e

15 compoupglinbheuhg Bnbl LEpBUlsLisheo Er@ﬁbdsqstaneke&gﬁa§§0&gyfOr

|rrad|at|ng an active en circult “pattern
pri ntliSng %?%SucﬁﬁﬁeaSPPFﬁﬁRFﬁdéF Fyredi- nBpsgth &plpﬁérPéélﬁtFPFﬁl§ﬁb§trate
after irrtdi50iMha.Fi §1sd,i 4taissplreffarabldi apaamthkeowctdvenenexyydi nent of

the condugl g Bg Ek&ﬁ&hét&&rHhﬁgrd%KECthhE%ioEQrs%X%HHEeth% Welkeld ke resin
f|In1substrate IS use , .
matter, obtained when the composition of the paste excluding

the conductive substance is cured, has the glass transition
20 point of 0°C to 200°C.

When the electron beam is used as the active energy
beam, the desired electron beam can be obtained by an
electron beam irradiating devlice having an accelerating
voltage preferably in the range of 100 to 1000 kV, and more

25 preferably in the range of 150 to 250 kV, from the viewpoint
of sufficient curing reaching to the interior of the
conductor circuit and damage to the substrate. An
irradiated dose of the electron beam is preferably in the
range of 1 to 1000 kGy, and more preferably in the range of

30 5 to 200 kGy from the viewpoint of sufficient curing
reaching to the interior of the conductor circuit and
damages to the substrate.

An absorbed dose of the electron beam is determined as
follows: A film for measuring the dose

35 ("RADIACHROMICFILMFWT-60-00" having a thickness of 44.5 pm,
available from FARWEST Corp.) is irradiated with a standard
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as the substrate, and is sequentially fed fron1a film unwi nder 3. On the
substrate 2 provided, a conductive paste 25 (i.e., electron beam curing
silver paste) 5 is printed with a rotary type printer 4. The rotary type
printer 4 is equipped with a screen 101 and a press roller 401 that face
each other. The rotary type printer can print effectively and
sequentially. Planographic printing, intaglio printing, 30 and screen
printing can be exenplified. In this step, a screen type printer (rotary
screen printer) equipped with a cylindrical screen 101 is nost suitable,
since the conductive paste is well renoved fromthe plate, the film can
be thicker, and the conductor circuit with low 35 resistivity can be
formed. Matlatien psowres cFeeQi gapmateay)toidebefaive eprrelsdtioe active

ener gy bQ%nwé rtgrﬁé’dﬁﬁtéded@wr@ytlbe@ﬁsofbéﬂééa&f nﬂhdefim, TihreActi ve

ener gy be ect beam .Th bea adi ating
dovi oo o O SRl ER dons, FrotSF  Fhln, TRERe R ERE FERD G nR GaPebaEEE s

at nospherradinpionuseureerbyevieteh ohike enna@h@te@héihmeh@@ttbﬂssame

accel er at£sk aish it d &’Qt&“éd)ﬁéréidffflxﬁnffraaﬂa@@d n@ﬁﬁﬁ" théosgBc@fon

i rradi ati,ng wi hdow ctron beans 7 are
1o ot diEe Lo BE, PRECaSterben Tofe phl e LufeEiah PeRBaon qan ceal
605 is 10 attached to inhibit ozone production, and an X-ray shiel ding
partition 603;4:&&1&9&81 tvplﬂH %&ﬁ!‘taéMe tdifery acyeaneaﬁsra@iaﬁi&e of an

X- h he th heat
For a1 ot i bTedes 'gf HERahoffy,; £5, ?85%5?.5% f8chs RsbEAPEL rhe
pr esént 1520°nn/@rrt imorehaom eft&:aimm minuted ian siegtion dfeaapp:lyinu; sil ver

paste 5 ifestIr&0a byréHguLs ectrra P@@ﬂ%tiﬁﬁgyaﬁbpﬁe ofhﬁhéoaﬁﬁaﬁbﬁaﬁl heat
curing produces unevenness wrin esi

substrat € EERFYrﬁPneF%%??BHeEea?%gE?%ﬁ?@rcaﬁ?V?V%¥spP§€Eangl?tréaﬁﬁ;es 20
t her ef or eolexnoxe thay defarmgsubstratestwothspoori Vhemmalyreapshaneadi ng,

and the a&ﬁ&“ﬂ@eﬁ@ﬂ@ﬁétﬂé &Lf£UbG1EBYo0bep prOkeﬂn Eﬁésmeiﬂéaefaie probl ens

et a8 Ot g e Fafnbtkop tLERREE' Sindrrale BSiaY HRETSsT M

phot0|n|t¢Qn@mChhwetn@Sbho@ﬁ|hhelnreseatdlsﬁectabny iEi heeprefieraleay is
light, a éﬁ@@??f@@éﬁr?ﬁéEOEPbiiéé'@h?@e H@E%EthﬁkYaBQuQa%%ec'EéegUbfﬁ

fﬁ;{n?h ' CORELAsE 104 S: SHSTLISE BSER hhL2dhgh! P UELDQI LR B}efegable in

the orientation of the conductive substance and decrease the

20 resistivity value at about 80°C to 100°C at which the
substrate is not deformed. If the temperature 1s less than
80°C, the orientation of the conductive substance for
decreasing the resistivity value is insufficiently promoted.
It is not preferable that the temperature exceeds 100°C,

25 because substrates with very poor thermal resistance may be
deformed. The pressure can be applied with a roll, and is
preferably 5 to 20 kgf/cm, and more preferably 8 to 12
kgf/cm. If the pressure is under 5kgf/cm, the orientation
of the conductive substance for decreasing the resistivity

30 value i1s insufficiently promoted. If the pressure exceeds
20 kgf/cm, the productivity is unfavorably lowered.

The non-contact ID according to the present invention
comprises a substrate, on which a circuit pattern and an IC
35 chip are mounted; the circuit pattern being formed by a
conductive paste containing a conductive substance and an
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conductive paste 5 can be cured in a very short time w thout 30 applying
heat to the resin filmsubstrate. Mbst suitable electron beamirradiating
device is an area beamtype, which irradiates a wide and uniformbeam The
substrate 2 irradiated with the active energy beam is transported by a
driven roller 601, and wound up by a 35 filmw nder 8. In order to attain
a stabl e operation through the 19 sequence of web unw nder, the rotary
screen printer, the area beamtype electron beamirradiating device, and
the web w nder, it is preferable that a buffer device 301 is disposed in
a practical line to absorb m nor speed 5 differences in the web
transportation in the respective devices and to keep web transportation
tensi on iactiee erepeytbeamdpylymerineble apempeardnabTlee MARSCORRICEaggi ng

0}‘ the S?mtcgﬂi’ﬁ %@%H‘@&Ihé@ebfesﬁ@ftéﬁ&nﬂﬁél Cxﬁéuﬁﬂﬂn@eth@biorbnﬂp &ﬂ It is
al so preferable tha contro t he
screen 104 %fc?$ 1 ﬁﬁ ?i53?£€nsuEﬁF¥ﬁEﬁ %an%#%cﬁﬂg %Eggen rog ®601 of

t he el ectmemtbemed metheodatongbylethe enéthodt fiar Ph@d¢©iaﬁytb@r§@ﬁ printer 4

and  the @6&&@@% eé@&&f@:[‘nge@g‘ thé agt-aséng ;@Wéﬁﬁiénaég #D1opseat ed
synchronousl ﬂose of | radi ati on can

e ele e kept
unlforn1éy§ﬁ Rt&ED %r%ﬁgﬁﬁfig¥lﬁg @géﬁ%iP?sﬁiyo efﬂ?nggﬂd ﬁhe
printing tm@nﬂmbsbmstare Bhefigeably hetkdyciheuibvpatbérnheanube in the web

| engt h d'f&fﬁé@nu§fﬁgb@hE”b&Q&H&tﬁGQ QEtQU@f'EﬂecﬁﬂegéntZQnﬁbﬁbithed

Fig. 5is ne VIEM;? omngg one e P ? gereen c§ tnt%n on_the
resin f||%+%ub 115t 3. PRARRnRACE 0RO B? pﬁF c@F t §R%oPOBCqPEASF| APedMon t he
resi A0f i | an podkernee mendimﬂnarraﬂgenéﬂt0b1P43R s upustedlpgnﬁbﬂt mar ks
40 are Zacgggggfégnéiycgitnﬁgd at four corners. According to the nethod

for producing nductor ~cjrcujt subs te t e conductiyve paste is
cured by irr %tﬁ‘%@sﬁﬁt%&?% e giprbcilé‘%l‘?%r Qr%q%haxﬁ n‘éh%sfg
descri bedclabpyeand@htsrmade 6fl| papebsandta filmosimdlarvdteothehat the net hod

s advant@aﬁgﬂféveasﬁl tﬁébbsnaecwﬁ &f:?bﬂitf' | fheubet eAlp havieseg a thermal
resi stance o hgag curing type conductive

0 Wi
past &3 s Tﬁ???%ﬁg?g tﬁtaﬁng nd ComPUEing
A dried film thickness of the circuit pattern formed is

preferably 10 to 200 pm from the viewpoint of the circuit
resistivity value, and curing properties. If the film
thickness 1s less than 10 pm, there is a little chance of

20 contacting the conductive substances with each other in the
film thickness direction, and the volume resistivity is
prone to vary widely. As a result, the circuit resistance
may be unstable. If the film thickness exceeds 200 um, the
active energy beam may not reach the inside of the conductor

25 circuif, which may be uncured.

The non-contact ID is an RFID (Radio Frequency
Identification), a non-contact type IC card, a non-contact
type IC tag, a data carrier (recording medium), or a
wireless card, and uses a radio wave for identifying

30 individual or for transmission/reception of data between a
reader or a reader writer. The non-contact ID is applicable
to settlement of a fee collection system, a financial
management system, etc.; ID management and history
management of a room entering/leaving management system, a

35 medical management system, etc.; position management of a
road utilization and congestion management system, a freight
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35 Exanpl es of such resin filmsubstrate include polyester alloy film
softeni ng point of 800C to 1200C 20 polyester film glass transition point
of 700C to 850C polyvinyl chloride film softening point of 70'C to 800C
pol yphenyl ene sulfide film glass transition point of 900C 5 polycarbonate
film glass transition point of 1500C polysulfone film glass transition
poi nt of 1900C polyethersulfone film glass transition point of 2250C 1In
particular, this method is extrenely effective for polyester alloy film
pol yester film polyvinyl chloride 10 film polyphenylene sulfide film

pol ycarbonate filmand the I|ike, as all have | ow softening points and
glass transition points. In a preferred enbodi nent, the above descri bed
resin fiandsedggage cthackhngt Apdt RARAGEMERE oFVREPBR €Efperature of 15
1500C or less is irradiated with the electron beam having 75 kV to 300 kV

for 0.02 secongls. .t 0 I urat i [ | af ] he el ectron
beam ext ends rslgerrfeelg%%nocixe nﬁ?}% Etjf%&s}ie%sd‘f itﬁ;nélgé]ubvéﬁ]{it%é ﬁ%/?%}é{l%% e‘?i orated by
the el ecthethodefpr pProdnucingt kee perefiuFten ekpevikefPStRa8teonductive

pastes i Sagc6PdUNEGt tyetRaspLes8nhiftiehioniyir éémpRikenghgheastppedeter m ned

range of jp{egnal.stres dj t t <L Aye
conductivgftaé?5m+ﬁémﬁi%ﬁgﬁﬁggcaggaggﬂagﬁe?pﬁggfg B?gﬁegépggﬁgggrQXge of

gl ass trapeintbmgpei aendgchiverBaatet eonhalipingdent CPAJEALLYR. There will be
descri beds@ps®ihod and ggvaeeidesefBedy beamppetymerpeablengofboand

predeterm ned position of the - _like.resi |l ra s fed
sequentiéY+ u iﬁa£?ﬁg ggp?o?5$§ggﬁre%ﬁdpf?%?e;¥rgbiggéhpsgg égﬁéxgtic

pl andOvi egnexgivyvbeamohe theodinenitopatternotangd 3che¥acprifAter. Fig. 7 is
a schematpgodii@hgVhevohlgeeet. cibeul ot sapysteacen pompresiAgshawgiim Fig. 6

conprises_ _a st age 2.an g 3 roll | Y ts 35
of a scre%ﬂw£6§é5n§g5 gggggngoglg?giglg}%gaﬁagggggggané gggaggigg?%nving

di recti onprimtepsferopriintirgenaceondugEdiieaP2stece8gfirindAIndr k provi ded on
the filmsghgtetifei BuBd¥anee anddad petihyedepstygr bebfm golgmesdzhyle

oo | B8RS on Bhe"PEobirFRiF° Bibobihe ‘BloRta-HnY S SERGHALK o the
for irradiating an active energy beam to a circuit pattern
formed by the printing step, and a film winder for winding
up the resin film substrate after irradiation. Fig. 4 1s a
schematic diagram showing one embodiment of the conductor

20 circuit forming device line.

For example, a web-like resin film substrate 2 is used
as the substrate, and is sequentially fed from a film
unwinder 3. On the substrate 2 provided, a conductive paste

25 (i.e., electron beam curing silver paste) 5 is printed with
a rotary type printer 4. The rotary type printer 4 is
equipped with a screen 101 and a press roller 401 that face
each other. The rotary type printer can print effectively
and sequentially. Planographic printing, intaglio printing,

30 and screen printing can be exemplified. In this step, a
screen type printer (rotary screen printer) equipped with a
cylindrical screen 101 is most suitable, since the
conductive paste is well removed from the plate, the film
can be thicker, and the conductor circuit with low

35 resistivity can be formed.

Then, the printed circuit pattern is irradiated with
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5 pattern can be printed on the pattern of the filmsubstrate forned in
advance with a precise relative position. In another enbodinent, a film
substrate end face controlling device is disposed at a side of the film
substrate transporting device in the X axis direction, 10 thereby enabling
the adjustnent of the printing position in the X axis direction. In stil
anot her enbodinent, in the Y axis direction, the printing position can be
adj usted by increasing or decreasing the rotating nunber of the screen so
that actual filmfeed accords with a noving distance 15 detected by a
plurality of recognition marks. In either cases, a conbination of the
position <correcting device in the X and Y axes directions and the buffers
301 di spotkel active énengyahedamhesbagkanfachdvepenargy beaml es easy

printing 9fra@fapi&§ea@oﬂeaed PREI hE0Dve 28ndBgyPBEhRM 98 996E@Ehbﬂ9 devi ce

h t te th t |
appl | cabl e e beCkraR bRamn: The| RLEREYER PRPRRFERATRRLAGSPYAES St ary
printer. is setuchtorédrseohothatnit heptehaafimgmensn6@it hnder vasusdmr or

'nfrg@ﬁg aﬁmbéﬁhgfép@éegraea&eeﬂhébﬁoaneateanandahaethactIve energy beam
I rradadl atl

d t t | a
el ohSrRo LErERR S8 afeniSRRERG DPCeRon PRrRbBas, HIELsgate
disposingtehBerm¢eheathngu9henp iheadéetsnngiydoul6@20maﬂhe0§rﬂdt|ng 30

gg;cubﬁogﬁ@tﬁg dﬁgéﬁgﬁ?deléﬁﬁ96ﬁgﬂg?hg ?28{8{2§§§Hi?@§8”%b03 chﬁ&b@%th?d(l)
| | rcui u I sin teps o

and (11) ?@?thei |ﬂ%|gﬁ agﬁﬁiggeBaFFrl? B 8gﬁBHEFFn§egﬁ ng |p on the
resi Aof i | atbablsedate. iTheébibt bednei prpduttiabl yandedna¥-irhy phdeddtingn
gﬁggg?agg %P@iﬂ?@n230§°B§?ﬁ&g%5§?3hﬁo|S&EO&H& %hﬁﬁ?gﬁatﬁerQ H@%k%?i{g film
catng theonbaifn o Reot K tavaaRanbAE | (ipnths BPhPREt4SRAtmetC

posi ti on. tiFerpasbeple, cubed bhehGQSnngffbn1asmbsgraﬂmehugta WIdDhgof about

300 mm tM@tpaifteﬂrahnsemsﬂtovaﬁrksIareoh@BaetpreﬁQS§§@sbﬁtalIgn When t he
resin film aI| ggpnt mar ks

int é foﬁ?véggi%?s Q?e pF8F£$5BI}n ﬁgag Bpogégggaopoggpwgﬁu 9hen t he
resin filsidvestpastehasia wihdel by 806 edkeotrpbpsbeam tiriraddetdiemi.ent t hat

ref erencerhgl gsneeRt#bfaRPSRHadt c2ifg produces unevenness, warping
and wrinkling on the resin f£ilm substrate, and the
electrodes are significantly displaced. It requires
20 therefore extra time to align the electrodes individually
upon bonding, and the antenna conductor circult may be
broken. Thus, there are problems with productivity and
quality. Alternatively, in the UV irradiating method, the
UV ray has low energy, which requires adding the
25 photoinitiator and the photoinitiator aid specially. Since
the UV ray is light, a shadow part is not irradiated
defectively to cause irregular curing. In contrast, the
electron beam irradiating method is preferable in that the
conductive paste 5 can be cured in a very short time without
30 applying heaf to the resin film substrate. Most suitable
electron beam irradiating device is an area beam type, which
irradiates a wide and uniform beam.
The substrate 2 irradiated with the active energy beam
is transported by a driven roller 601, and wound up by a
35 film winder 8.
In order to attain a stable operation through the
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sides’ of the resin filmsubstrate, and a positioning guide pinis used to
align, upon printing the antenna conductor <circuit with the rotary screen
printer. 15 As described above, the conductive paste of the present

i nvention can be applicable to the substrate having poor heat resistance,
and can provide the conductor circuit substrate having an appropriate

vol unme resistivity, and 20 bei ng excellent in hardness, strength, and
adhesiveness to the substrate. Al so, curing requires very short tine in
the production of the conductor circuit, whereby mass production of the
conductor circuit substrate can be inproved, and production costs can be
reduced. 25 The non-contact |ID of the present invention can be applicable
to the suEsUence i iwep poowimder. reke stahary s@areen RUERhEryefheres very

short tingrdd) Bk pt'fﬂS’élCélé)é‘tﬁén lséwncwﬂmi&fiﬁgrawicemeﬁabyhaaﬁéb

production of the nduct or_ci r i zed, production
30 costs Qﬁar%ﬁj P ??%b% ﬁhﬁﬁ %%roa?%?ﬁ% ggiTﬁﬁ net hod and
devi ce fdiispesedbrtduc practioet ltm@st¢a@bsotbtmenprespﬁedlnventlon

conpr ssi r&ff@ré{w {d) thé@ngen | Haﬁéﬁotf‘é@ﬂé‘ﬁdiﬁOtﬁéaieéﬁécﬁﬂﬂéuc'[ or

t b te t abl t d the 35
ke ThelRTARES A Bt HEFP S e PREORBr AL e P EoRAEPR 18 Begni f1 cant Ty
decreased;espﬁmtrmrﬁmisq:esvasrpahg and PSaspnakléng dhespradvcedgghnghe

resin filde systg@&iad et ibn f OhE 28EpEEELVEKGevBEs NEGR BBOdUCEi Vi Ly
can be obtained _in a compact facility. Specifically, when the active

ener gy Qng type conductive paste is cured by irradiating 5 the
acti ¥@ ener gy Idedm falrsca mefferable, thatveroetmdfleets Sn 1t heonteseoh film

fﬁgf;; ﬁt etr?él%xgr&}g‘ﬁ%?&@f b@héVQbP@Qm ﬁ§1059mﬁﬁéego%£9 geeeeanvente ;gpglnel
S|gn|f|céﬁ¥h5%55n?ag%% EBeb rgﬁ?g|ﬁ%§f§ﬁcﬁ5258f1¥g fBQBnEﬁ? Mof the Y
transportﬂartraﬂnirspm dgviasenbicho athad then:egtatz)sgpaee pasunhgroﬂ ahd

leVI ce fOEhe,CUeHé'éJ b&&mPast8troh HESMCORLHEL QLRGN aevlcéysaarauch as 1/15
eng

nevenness rp|n wr i nkl g sho tened time
equtBed TaETEF ¢S RERE RS RRAUBLR ol nine afeet afE: KB ADPeRERBPESHE of 1 he
qual ity ofrxtéadiabtheononancbel Keptirdnbforheevien- wbanathe WEbtag, etc. EXAMPLE
transportation speed rises or falls and the printing
conditions are changed, thereby the level of the cure in the
web length direction can be uniform, and the quality can be
20 stabilized.

Flg. 5 1s a plane view showing one embodiment of screen
printing on the resin film substrate. Antenna conductor
clrcuits 10, 20 are printed on the resin film substrate 2 in
an arrangement of 4 X 4. Cross alignment marks 40 are

25 concurrently printed at four corners.

According to the method for producing the conductor
circuit substrate, the conductive paste is cured by
irradiating the active energy beam for a short time as

30 described above. The resin film substrate is not heated so
that the method is advantageously applicable to the resin
film substrate having a thermal resistance of 150°C or less,
to which the heat curing type conductive paste is difficult
to apply.

35 Examples of such resin film substrate include

polyester alloy film: softening point of 80°C to 120°C
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The present invention is further illustrated in the 20 non-limiting
exanpl es set forth below In the exanples, all parts are by weight. A
Conductive paste [ EXAMPLES 1 to 4, COWARATI VE EXAMPLES 1 to 2] (1)
Preparati on of conductive paste 25 Respective conponents shown in Table 1
were prem xed by a precession mll, and kneaded with three rolls to
prepare respective conductive pastes. (2) Production of conductive circuit
Each conductive paste was screened through a 200 nesh 30 stainless steel
screen on a corona-treated PET substrate to formeach circuit pattern. The
el ectron beamwas irradiated thereto using an area beamtype el ectron beam
irradiating device "Curetron EBC 200-20-30" (manufactured by N ssin Hi gh
Vol t age, Co., naliéstexiefilme gbasisttomssithbon gpoBst acteV@iGitticoB576l t age is

%%X&??VE”% Wj%*"%%ﬁ%dé £ SoLEoRLRY DL OR e ek

pattern was fRf SHETSY ‘?af:gﬂgs ?ijga%?l{)]é%“ :ﬁg@&\hﬁ’?ﬁnﬁ %

ul travi ol 20°C ay was |rrad|ated thereto froma distance of 20 5 cmusing two

120 Wgretal h I Tl VE
Tt % m@%%%ﬁﬁﬁnﬁ%wm

EXANPLE 4] 91. Sﬁ?rts 0 X
manuf act ur ed BP todlagg gtyansit °rbaP?%an°flbg?§sorcyl
gl yci dyl et herpc(lmmufﬁ@ﬁé)lfihnnughaMmr‘edaquit\hqmspoﬂn’enofazzsm d.

21.9 partﬁnOﬁaﬂt@&amsélaﬂhmgeméiﬁau l§4éxEBEHE§§tHE§@cQXv@ EBQ”DtO Co.

LQﬁ Lol veoLeBREeR S1 ek Bl Th,r RALTeEEE: SimRaLRELaY by By OF aygukﬁ'se.
., ot d. Filmr epplyphepylbpeaspléddesiEdmmpyi pb,lyandbhneadedfilm andt thee

roI I's to Piﬁ@aVSSaaiQ“HHGE' Y8wP3dk@endng peYhts BRAk! giBswAtrhasARdoAN t he
substrate %f E‘? the conductive paste as described in EXAVMPLE 1, heated at
n

180C for B utes using a box oven and cured to provide a conductlve 20
circuit. [ EXAMLER Sirefevredceniyediment, wilse pakbeae edesantibadcresint pattern

was fornmegion §8B8sPEAtevRalviagetas @ﬁé@hh@edefarEéANBhEtémpe}Bngbegtron

beam_was |rr@d| ated thereto under the
15 15 or less is irradiated with the electron beam having 75

kV to 300 kV for 0.02 seconds to 1 second. If the duration
of irradiating the electron beam extends some seconds, the
resin f£film substrate may be deteriorated by the electron
beam.

20 In another preferred embodiment, the conductive paste
1s a conductive paste in which the cured matter has a
predetermined range of internal stress according to the
present invention, or a conductive paste in which the cured
matter has a predetermined range of glass transition point

25 according to the present invention.

There will be described a method and device designed
for precise printing at a predetermined position of the web-
like resin film substrate that i1s fed sequentially using the

30 rotary screen printer. Fig. 6 is a schematic plane view
showing one embodiment of the rotary screen printer. Fig. 7
is a schematic front view thereof.

The rotary screen printer 4 shown in Fig. 6 comprises
an X stage 402 and a Y stage 403 for controlling movements

35 of a screen 101 and a press roller 401 in an X axis and a Y
axis (moving direction). A position difference between a

21



25 conditions as those in EXAMPLE 1. The pressure and heat were applied
Wth a heating and pressure roll under the conditions that a tenperature
was 100C and a pressure was 10 kgf/cmto provide a conductor circuit.

[ EXAMPLE 6] 30 A conductor circuit was provided in the sane manner as in
EXAMPLE 5 except that the tenperature was 25C in the heating and pressure
application step. [EXAMPLES 7 to 12, COVPARATI VE EXAMPLES 5 to 9] (1)
Preparation of conductive paste 35 Respective conponents shown in Tables 2
and 3 were prem xed by a precession mll, and kneaded with three rolls 25
to prepare respective conductive pastes. (2) Production of conductive
circuit Each conductive paste was screened through a silk screen (screen
mesh #230gedagreri®s magk previfed sorpixy Slbubsubstrate ini @@vanee copper

telhectlrodfa%agea epﬂﬁ%eﬂa@ﬁ%rﬂ ni@f&@ééceédt rﬁnc@m&a«aztmé N§Efe SR t?ﬁt
e el ectrodes ~ were connecte circui n 0 e
el ect r on HehARthsthe LR SE e503t+i%¥e‘fl% liare dP‘?W%% ﬂg%% ?’i}eéhﬁl gcﬁ?? as
descri bedr i axd s al byt onesnt £ o neor FANPUERES. A10f Shencesul Tlans . candext or
circu tS ;ﬁ&/aéh aated pdﬁggé&'&g the SotLovh nge {hot£i1al sebsesste!

accor e met ho measuring the 15 mtern_gé stress of the
present i RS ofP RIRRES i HEEP D RESCLEH ¥?&%ﬁ*¥ﬁ Re$EEL°Bf each cured
film vvas neasmnedmoéthedefdnmddmmdlajs?idﬁn cwbstinate wadd nEcrir ed using a

laser digpl %@r@ytdﬁee/bg@a é@' @S§1aéa@§|£h9nfppmnt) 20 In
accordance W|t for neasurin hIél gx n5| %on poi nt of the
present |?HR§E?%%Pa%r%%%B?FB%Hga%%W%?e gtRe t?%%%l t PRt of the

cur edOnmattieereiny emalslieg. twedqﬂymﬁtmemtcoélhhe|Drigtheasnoshgidevlne
"DVA'zoo;ygifgagﬁfcongp%QYicnT Kfﬁsggflﬁeéﬂ¥9h§¥1&ﬁ§o@§ﬁgnt251ﬁV?hH”?

resistivit tive paste was sc ned roug screen
(screen FioRarths nHing PP %%oﬁ?n %b%??%fﬁeg nP¥%hi ch four
copper el treaetngecr deéecpessingtthe ntetablisgoiulBermef abbewasregennt ed so

tlhatte' ecis ofese WekCusP FPINCELEE D¥cErasTwith HaMbPEng #hgthneé 3 Mm The
© eclgo detected by a plurality of recognition marks.

In either cases, a combination of the position
correcting device in the X and Y axes directions and the
buffers 301 disposed at the front and the back of the
printer enables easy printing at the predetermined position.

20 The position correcting device herein is not limited to the
rotary type screen printer, and also applicable to a
planographic printing or intaglio printing type rotary
printer.

In yet another embodiment, a preheating oven with hot

25 ailr or infrared ray is disposed between the printer and the
active energy beam irradiating device to heat at a
temperature not more than the glass transition point or the
softening point of the film substrate. By disposing the
preheating oven, the resistivity value of the printing

30 circuit can be decreased.

According to the present invention, the method for
producing the conductor circuit substrate comprising the
steps of (I) and (II) further includes the step (III) of

35 mounting an IC chip on the resin film substrate. The method
is preferably used as the production method of the non-
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beam was irradiated thereto to cure it. Resistivity between electrodes was
measured using a four probe nethod of the resistivity neasurenent device.
The thickness of the circuit was neasured using a thickness neter. The
volune 35 resistivity was cal cul ated based on the resultant resistivity,

el ectrode distance, circuit wdth, and circuit 26 thickness.

[ Adhesi veness] Each conductive paste was applied on a polyester alloy film
at a thickness of about 30 pmusing an edge coater in 5 EXAMPLES 1 to 6
and COVPARATI VE EXAMPLES 1 to 4, and with a screen printing in EXAMPLES 7
to 12 and COVWPARATI VE EXAMPLES 5 to 9, and subsequently was cured with an
el ectron beam The cured filmwas crosscut with a cutter knife to conduct
a cell ophameactpEDrenoving test. 10 [Scratch resistance] Each conductive

ol yest or ZFF'T“?.I?J e e o PO FD ot
cured f|¢%4%%§n%cv %h%ﬂ ﬁi%ﬂnﬁeﬂﬁlma¥% 9?@ 5?% °§v5ﬂﬁa§8g%ﬁ ?3 degree of
scratchln@sin¢Eimecbsndnngu@eviaeetoThendethétHﬁtchmpduatothelrCU|t was

vi suals| y bfggg%%fwhné&r?égieiﬁﬁt'Oﬁorcgkambﬂs aﬁénCEﬁskregiﬁffaﬂﬁ

substrate Sitions tive paste
‘prepar ed $HPEEME BRSY CEVPARAT R0 nﬁ@ﬂéﬁ“ aﬁﬂo B§$PE§ ﬁ PREEPEs. In
t he t abl esarkéearenjpoagesproeessedf bd| abign| Aciher Eherggshaaﬁilm

pol yner i zab, WQQHQQ]a2§1§§§7§f @663$H”8£'88€£ Uéﬁihéﬂﬁ Amkykamarkseam
Set 575 nanu tured %¥ Ar akawa en1cgb% gﬁstrles ?

hexafunct%%h%?eL&%ﬁﬁaﬂ DeF§y| are PRERST agﬁpr98§F§ﬁg Eﬂeﬁ&&ﬁp * Co.
Lt d. LoDPHMemnli pieat aesit hfilwl shestnaty| bhae S8OwBAEXDALf BDOpmmnok Aess,
d'glyc'dyite%geéog$@ﬁ{¥ﬁ@tFhatmféfgreﬂbéUHGiéQn§£e63%§b0§SﬁyE§tFoth

(manuf acture Co g I OX acryl ate
TPCDA £ 19 Hi6B, S EENG| DRBLn(FALR, PUPETE b o BMxa BORLRYPRIRGI DHLASI ot o
2-NbCEt Rimetdouged hyyd atighatep8i printing the antenna conductor

circuit with the rotary screen printer.

15

As described above, the conductive paste of the present
invention can be applicable to the substrate having poor
heat resistance, and can provide the conductor circuit
substrate having an appropriate volume resistivity, and

20 being excellent in hardness, strength, and adhesiveness to
the substrate. Also, curing requires very short time in the
production of the conductor circuit, whereby mass production
of the conductor circuit substrate can be improved, and
production costs can be reduced.

25 The non-contact ID of the present invention can be
applicable to the substrate having poor heat resistance.
Also, curing requires very short time in the production of
the conductor circuit, whereby mass production of the
conductor circuit substrate can be realized, production

30 costs can be reduced, while high quality is obtained.

The method and device for the conductor circuit
substrate of the present invention comprising the steps (I)
and (II) are intended so that the conductor circuilt
substrate can suitably be used as the non-ID antenna and the

35 like. The time required for curing the conductive paste is
significantly decreased, no unevenness, warping and
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BA: n-butyl acrylate HEA: 2-hydroxyethyl acrylate |BA: isobornyl acrylate.
MA: nethacrylic acid 5 4-EGA: tetraethylene glycol diacrylate HDDA

1, 6- hexanedi ol di acryl ate NPGDA: neopentyl glycol diacrylate TMTA
trimethyl ol propane triacrylate (Binder polynmer] 10 RV550: saturated

pol yester resin (VWlon RV550 having a glass transition point of -160C and
a nunber average nolecular weight of 25,000 to 30,000 manufactured by
Toyobo Co., Ltd.) BR117: thernoplastic acrylic resin (Dianal BRI 17 having
15 a glass transition point of 950C and a nunber average nolecul ar wei ght
of 150, 000 manufactured by Mtsubishi Rayon Co., Ltd.) RV600: saturated
pol yester resin (Wlon RV600 having a glass transition point of 450C and a
nunber aweriadel 2y rdtequtaduoed gint  die 17e D0 £OLR0s@OStratafl ant thed by

Toyob . | n kNg a
gIO)a/tgsot r g%sbi téi%lgné:%ﬁr{?&g? ?L%%%r gé\ﬁéaﬂﬁ%%bﬁgg%ef%gﬁ \n/%%lgcﬁggggg%?g%{i of

22,000 t o5 AP fERT LY by SREOboLCRELY0. WheR dthe | aghiviet epergy

subst ancéjeadst-difrimy atyesk sedrvduc povel gpa § tanlis a@hi):lé@dbiayiﬂigﬂsaﬁingapaln Co. ,
Ltd., shaui r rd i Lz - X ilver
povvde? ?\r?aﬂr%f%iﬁ}r/egd&gé;r %rrﬁe%&@gf% e%t%%]iz%ﬁ%’, %%Jgg&a%f%%g{r:gggﬁ

particl e W& Ftin Ly suh A ts rive st r}eat goayy: be avoided, as
2- et hy | -cdmpaxreat hwi i ) e heoryt ¢ n 2 oalx ph@é:'rmpr@pjmelgl 9ﬁn§u€mgcuf a'c&t gr ed
%A ggggia r@%g!&e\r/ ﬁ%&f’ﬁg Ketbd pRetd. CA1dd!ikirdndly 022C .
significant advantages can be obtained such as (1)
10 improvement of the transportation speed by as much as 20
times, (2) space saving of the device for curing the paste
of the conductor circuit by as much as 1/15 length, (3) no
unevenness, warping and wrinkling and a shortened time
required for alignment upon bonding, and (4) the improvement
15 of the quality of the non-contact ID card or the non-contact

ID tag, etc.

EXAMPLE
The present invention is further i1llustrated in the
20 non-limiting examples set forth below. In the examples, all
parts are by weight.
A. Conductive paste
[EXAMPLES 1 to 4, COMPARATIVE EXAMPLES 1 to 2]
(1) Preparation of conductive paste

25 Respective components shown in Table 1 were premixed by
a precession mill, and kneaded with three rolls to prepare
respective conductive pastes.

(2) Production of conductive circuit
Each conductive paste was screened through a 200 mesh

30 stalnless steel screen on a corona-treated PET substrate to
form each circuit pattern. The electron beam was irradiated
thereto using an area beam type electron beam irradiating
device "Curetron EBC-200-20-30" (manufactured by Nissin High
Voltage, Co., Ltd.) under the conditions that an

35 acceleration voltage is 175 kV and an irradiated dose is 40
kGy to provide a conductor circuit.

24



00t gbJDoJr-i C~z 0 04 C11LCo000 Or-4r, O U W-A0 ool Zzcli Acv Gg,z 00

C) LOLOO0 UWO~DNI 00c+~0-r~C.jz zz Lo C P-d c¢~~0 OLOO00O) X I ~coD~~~ca~ N
1000 ~0 0 ,~f-,~0z W LOLNNQ) LoLgO-d 4) 00 Lo 440 Lo~~I10 00 ~~ 0 z
coooqgM-X~ E~, CDgOLnLod "d-4Lov

[COMPARATIVE EXAMPLE 3]

A conductive paste was prepared, and a circuit pattern
was formed on a PET substrate as described in EXAMPLE 1. An
ultraviolet ray was irradiated thereto from a distance of 20

5 c¢m using two 120 W metal halide lamps to provide a conductor
circuit.
[COMPARATIVE EXAMPLE 4]

91.3 parts of bisphenol F diglycidyl ether ("RE-404S"
manufactured by Nippon Kayaku Co., Ltd.), 39.1 parts of

10 resorcyl glycldyl ether ("Denacol EX-201" manufactured by
Nagase Chemicals Ltd., 21.9 parts of dicyanediaminde ("AH-
154" manufactured by Ajinomoto Co., Inc.), 794.8 parts of
silver powder "SF-65" and 53.0 parts of n-butyl cellosolve
acetate (reagent grade: special, manufactured by Tokyo Kasei

15 Co., Ltd.) were premixed by a precession mill, and kneaded
with three rolls to prepare a conductive paste. A circuit
pattern was formed on the substrate using the conductive
paste as described in EXAMPLE 1, heated at 180°C for 30
minutes using a box oven and cured to provide a conductive

20 cilrcuit.

[EXAMPLE 5]

A conductive paste was prepared, and a circuit pattern
was formed on the PET substrate as described in EXAMPLE 1.
The electron beam was irradiated thereto under the same

25 conditions as those in EXAMPLE 1. The pressure and heat
were applied with a heating and pressure roll under the
conditions that a temperature was 100°C and a pressure was
10 kgf/cm to provide a conductor circuit.

[EXAMPLE 6]

30 A conductor circuit was provided in the same manner as
in EXAMPLE 5 except that the temperature was 25°C in the
heating and pressure application step.

[EXAMPLES 7 to 12, COMPARATIVE EXAMPLES 5 to 9]
(1) Preparation of conductive paste

35 Respective components shown in Tables 2 and 3 were

premixed by a precession mill, and kneaded with three rolls
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to prepare respective conductive pastes.
(2) Production of conductive circuit

Each conductive paste was screened through a silk

screen (screen mesh #230, linear 23 pm) on a glass epoxy

5 substrate on which four copper electrodes were disposed at
intervals of 20 mm, and was printed so that the electrodes
were connected by a circuit having a width of 3 mm. The
electron beam was irradiated thereto to form each conductive
circuit as described in the above-mentioned EXAMPLES.

10

The resultant conductor circuits were evaluated

regarding the following.
[Internal stress]
In accordance with the method for measuring the

15 internal stress of the present invention as described above,
an internal stress of each cured film was measured. A
deflection radius of curvature was measured using a laser
displacement measurement device.
[Glass transition point]

20 In accordance with the method for measuring the glass
transition point of the present invention as described above,
a glass transition point of the cured matter was measured.
A dynamic viscoelasticity measuring device, "DVA-200"
manufactured by I T Keisoku Seigyo KK was used.

25 [Volume resistivity]

Each conductive paste was screened through a silk
screen (screen mesh #230, linear 23 um) on a glass epoxy
substrate on which four copper electrodes were disposed at
intervals of 20 mm, and was printed so that electrodes were

30 connected by a circuit having a width of 3 mm. The electron
beam was irradiated thereto to cure it. Resistivity between
electrodes was measured using a four probe method of the
resistivity measurement device. The thickness of the
circuit was measured using a thickness meter. The volume

35 resistivity was calculated based on the resultant
resistivity, electrode distance, circuit width, and circuit
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thickness.
[Adhesiveness]

Each conductive paste was applied on a polyester alloy

film at a thickness of about 30 pm using an edge coater in

5 EXAMPLES 1 to 6 and COMPARATIVE EXAMPLES 1 to 4, and with a
screen printing in EXAMPLES 7 to 12 and COMPARATIVE EXAMPLES
5 to 9, and subsequently was cured with an electron beam.
The cured film was crosscut with a cutter knife to conduct a
cellophane-tape removing test.

10 [Scratch resistance]

Each conductive paste was applied at a thickness of
about 30 pm by a screen printing on a polyester alloy film,
and then cured with an electron beam. The resultant cured
film was scratched with a nail to visually evaluate the

15 degree of scratching.
[Effects on substrate]

The resultant conductor circuit was visually inspected

for deformation, coloring, and cracking of the substrate.

20 Tables 1 to 3 show the compositions of the conductive
paste prepared in EXAMPLES and COMPARATIVE EXAMPLES, and
evaluation results. In the tables, the compounds are as

follows:
[Active energy beam polymerizable compound]
25 BS575: hexafunctional urethane acrylate (Beam Set 575

manufactured by Arakawa Chemical Industries Ltd.)
UA-306H: hexafunctional urethane acrylate (manufactured
by Kyoeisha Chemical Co., Ltd.)
DPHA: dipentaerythritol hexaacrylate
30 BADGDA: bisphenol A diglycidyl ether diacrylate
HX-620: bifunctional ester acrylate (manufactured by
Nippon Kayaku Co., Ltd.)
4-HBA: 4-hydroxybutyl acrylate
TPGDA: tripropylene glycol diacrylate
35 2-EtHx: 2-ethylhexyl acrylate
2-MeOEt: 2-methoxyethyl acrylate
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BA: n-butyl acrylate

HEA: 2-hydroxyethyl acrylate

IBA: isobornyl acrylate.

MA: methacrylic acid

4-EGA: tetraethylene glycol diacrylate

HDDA: 1,6-hexanediol diacrylate

NPGDA: neopentyl glycol diacrylate

TMPTA: trimethylolpropane triacrylate
[Binder polymer]

RV550: saturated polyester resin (Vylon RV550 having a
glass transition point of -16°C and a number average
molecular weight of 25,000 to 30,000 manufactured by Toyobo
Co., Ltd.)

BR117: thermoplastic acrylic resin (Dianal BR117 having
a glass transition point of 95°C and a number average
molecular weight of 150,000 manufactured by Mitsubishi Rayon
Co., Ltd.)

RV600: saturated polyester resin (Vylon RV600 having a
glass transition point of 45°C and a number average
molecular weight of 17,000 to 20,000 manufactured by Toyobo
Co., Ltd.) .

RV300: saturated polyester resin (Vylon RV300 having a
glass transition point of 10°C and a number average
molecular weight of 22,000 to 25,000 manufactured by Toyobo
Co., Ltd.)

[Conductive substance]

SF-65: scaled silver powder (manufactured by Degussa
Japan Co., Ltd., having an average particle size 6f 2.5 pm)

AA-0014: scaled silver powder (manufactured by Kemet
electronic Corp, having an average particle size of 2.5 pm)
[Photoinitiator]

Irg907: 2-methyl-1[4-(methylthio)phenyl]-2-
morpholinopropane-1l-one (manufactured by Chiba specialty
chemicals K.K.)
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B. Production method for conductive circuit substrate [EXAWMPLE 13] A
web-1i ke polyester alloy filmsubstrate was continuously fed froma web
unwi nder. An electron beam 5 curing silver paste with a binder containing
an acrylic resin was printed using a rotary screen printer to provide a
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B. Production method for conductive circuit substrate
[EXAMPLE 13]
A web-like polyester alloy film substrate was

continuously fed from a web unwinder. An electron beam
curing silver paste with a binder containing an acrylic
resin was printed using a rotary screen printer to provide a
conductor circuit 10 having an average thickness of 30 um as
shown in Fig. 5. Then, the conductor circuit was fed into
an electron beam irradiating device to irradiate it with an
electron beam having an acceleration voltage of 200 kV and
an irradiated dose of 40 kGy.

The antenna conductor circuit 10 removed from the
electron beam irradiating device had resistance of 40{2. The
electron beam was irradiated for 0.12 seconds, since a
transportation speed of each resin film substrate in an
irradiating part was 20 m/min, and a length of the
irradiated area was 40 mm. As described in COMPARATIVE
EXAMPLE 10, the transportation speed was 1 m/min, and the
length of the hot air circulation oven was 30 m in the heat
curing. In contrast, although the transportation speed was
20 m/min, which was 20 times greater, the electron
irradiating device could have the length of 2 mm, which was
1/15 of the length of the hot air circulation oven, whereby
the space of the device could significantly be saved.

Since the time for irradiating the resin film substrate
with the electron beam was very short, at 0.12 seconds, an
increase in temperature was not observed at all. As a
result, the resin film substrate taken out after the
electron irradiation did not have unevenness, warping or
wrinkling at all. A distance error between an alignment
mark 40 on the resin film substrate printed by the rotary
screen printer and an electrode position of the antenna
conductor circuit 10 was measured. The error was =0.05 mm
or less.

The resin film substrate was mounted on a bonding
device to image process two of the printed alignment marks
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conductor circuit 10 having an average thickness of 30 pmas shown in Fig.
Then, the conductor circuit was fed into an electron beamirradiating
device to irradiate it with an 10 el ectron beam havi ng an accel erati on
vol tage of 200 kV and an irradi ated dose of 40 kGy. The antenna conduct or
circuit 10 renoved fromthe electron beamirradiating device had
resi stance of 40Q The electron beamwas irradiated for 0.12 seconds,
since a 15 transportation speed of each resin filmsubstrate in an
irradiating part was 20 mimin, and a.ength of the irradiated area was 40
nm As described in COWARATIVE EXAWPLE 10, the transportation speed was 1
mmn, and the Ilength of the hot air circulation oven was 30 min the heat
20 curingo lat U asirnerdd haugh dlleetrais mosiktiaoh shRIFMAP LSS ni n,

whi ch was 20, 1] I Il wén d oL o esh couhsl aave the
et of S HRAA 14 N R ndd Dps

f the le ul ation
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Si nce t hedninfin ffcdt idi atlistdmee td thesipréde remubred 6@ MM £ 8RB ect r on

beam yas very short §£ﬁﬁndsA if@ae@ﬁﬁelfbtﬂﬁ@@éabﬂbeems not
obser ved 3f %I ﬁsdn%?tgsﬁf e resin l%l | m substrate, kg tg’“é aer t he
ITh

el ect r on awd alidan cﬁh@jlﬁjl#ﬂﬂmq’fﬁ/é“iﬁévvé?’ﬁ]e%‘éﬂv%r ??l?;g?ﬂ' Wi n g at
all. A dlétc%hi-‘lﬁ.lﬂﬂg)rtilﬁé VEENtle ke gabiegnmemtrkanlds on Mec@réaaﬁeﬂu | m

substrat e P rEc? 1! Goenls o8 @kmﬁﬁﬂ 80d e eL6ehLOEEMPOSI ti On
of the arf je con ofile Circult was ne s d The erroL was 0 05 mm
or |ess. WEB13ﬁ§n¥£#¢ﬁﬁt1ﬁ1§%%§??%?% tRs2fo 3% 4 BSRAMAS - dBvice to

| MageoPr O§SES 4t dbuhpewys | sed aélgheehumnapﬁstBQ 10 ghipeuAndoffAErs, the

el ec”Ode Os't N, 0f e PROUGhELCELUEUEL 1A was deeermi ned to
bond | C c# rﬁgon J"Fege?t EIg{“?%\/:/g?)ﬁrovegF Pgt each_r ZI n filmsubstrate
e

had a comm@hb@bhlwﬁrﬂlg?%h%@ B?rtﬁe pred i REd°BB®Rm to 80 M 5 as a
non-contact |ID card. A required tine to image process and align the

al i gnnment ﬁg&ﬁgﬁ\@ E a recognition tine and a conputing tine of the two
al i gnment [ As*Lonpared with 28 sec s 1., SOVPARATLVE, PXAVWPLE 10,
the ti6tal tinmA Wﬁh;%ﬂ%ﬁn??%ﬁﬁﬁ??rd%%}%%s WP SURSERRFE MBT%F58Conds. A 10

gol d studnhfypRgvaswuaeH ag Bbe mmnwaef cohe&inGoukily, fadd frem ac¥®®ecti on an
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seconds t8"B
binder containing an acrylic resin was printed using a

rotary screen printer to provide a conductor circuit 20

20 having an averade thickness of 20 um as shown in Fig. 2.
Then, in an electron beam irradiating device, the electron
beam having an acceleration voltage of 150 kV and an
irradiated dose of 20 kGY was irradiated thereto. The
antenna conductor circuit 20 removed from the electron beam

25 irradiating device had resistance of 60Q. The electron beam
was irradiated for 0.24 seconds, since a transportation
speed of the resin film substrate in each irradiating part
was 10 m/min, and a length of the irradiated area was 40 mm.
As described in COMPARATIVE EXAMPLE 10, the transportation

30 speed was 1 m/min, and the length of the hot air circulation
oven was 30 m in the heat curing. In contrast, although the
transportation speed was 10 m/min, which was 10 times
greater, the electron irradiating device could have the
length of 2 m, which was 1/15 of the length of the hot air

35 circulation oven, whereby the space of the device could
significantly be saved.
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[.[EXAMPLE 141 15 A web-1like polyester alloy filmsubstrate material having
a width of 300 mm was continuously fed froma web unw nder. An el ectron
beam curing silver paste with a binder containing an acrylic resin was
printed using a rotary screen printer to provide a conductor circuit 20 20
havi ng an average thickness of 20 Was shown in Fig. 2. Then, in an

el ectron beamirradiati ng device, the electron beam having an accel eration
vol tage of 150 kV and an irradi ated dose of 20 kGY was irradi ated thereto.
The antenna conductor circuit 20 renoved fromthe el ectron beam 25

irradi ating device had resistance of 609. The electron beam was irradiated
for 0.24 seconds, since a transportation speed of the resin film substrate
in each irradi&si agmpared wathl0.ARnsecoadd afl engelsidentlee tiimeadifat ed ar ea

was 40 mﬂtheA%eQ&%CVf'ﬂi%ﬂ éd%sCEQM%R&H \é%eEml\@éo]rpbéJﬁ? {rAeRor{gg i on 30
speed was gi pr %&%M%&% ngth of hot a| r ci I’CUrqatI on _oven was 30 m
in the heQFV Gfi g N9%e tiMe; 15 4R 16 s pedtr mas 10
m mn, whlcR4wasecohdsi. nes-lou@rvw,era,n tihmrelaaet rdom tempsediatiumrey vwisy incet coul d

have tﬂ"e ob%@&b’&do‘ca@ aml Whiagh W% sl1lS Ghd Red SN E i isddiehipte @i r 35

C|rculat|o oven t he s ce of the deV|c could significantly be
saved. 332 eEor’Fﬁ‘é"r(? e\ﬂ P 1f: a?éﬁﬂ(?é‘ gfl e &MY HTGIeNRERS 1 esi n

fiIn1subsWaapengnomh@nﬂnhﬂmngwdnxatlrradlatlng deV|ce in EXAMPLE 13, the
resi dence t'”EAmﬁisGQHEEeerbrebetwgeﬁ4aﬁeQQEgﬁmeHQ Vo'l 4%ndanP%ase in

tenperature was n 5 gbserved a result, the resin

subst r at eTe§ffef %HQ§ﬁﬁ45?|Hq¥ﬂ£%9|Q¥1thjqﬂﬁaqﬁnﬁfqﬁﬁﬁlﬁﬁiﬂﬁﬁ%ss
war pi¥ly oandr anklellre@tatodal IposA tdicst arfc echer reort dygtavesmductadr grineniitrar kK 40

on the rg § OSHQI 3 at el i1 ed. bie J N ot Y og:crl%%; Prid& wakP and

an electro ‘t he “ant énna conduct’'or circuit "Was rreasur ed The
error wasS6Ma53Tmtser tlh€s§xwlt§n]\ﬁa simlar to the EXAMPLE 13. The resin
filmsubstrateThesresdnt €dlonsabbtmditegwademonated omage bonddegs two of the

printed ahb@'i@%”ttom?diﬂ&%e brotsat twrof:cme 1&&% eélie%rfn%i'?c R d On of

each q?)a onductor “circuit _was determ ne bond chi ps Int sane

manner ABEE CPFNELS .5 this glectno %é’%}’éﬂ‘ qHhHa (ﬁf‘treeré‘}an film
substr at ecbadua:t(ocmmjmcmatt oaglidttemelnesf tchdqréedal eshnipedirltherm t o 120

nm as a n@@meOaRrler! Bs in EXAMPLE 13. As a result, it was proved

that each resin film substrate had a communication distance
of the predetermined 100 mm to 120 mm as a non-contact ID

20 card. The time required to image process and align the
alignment mark was just a recognition time and a computing
time of the two alignment marks. As compared with 28
seconds in COMPARATIVE EXAMPLE 10, the total time was
significantly decreased to as short as 4 seconds. A gold

25 stud bump was used as the bump of the IC chip, and for
connection an epoxy resin anisotropic conductive paste
containing conductive particles having an average size of 4

um was used, and both were heated for 10 seconds to be cured.

30 In the same manners as in EXAMPLES 13 and 14, conductor
circuits were produced having printed thicknesses of 10 um

in EXAMPLES 15 and 50 um in EXAMPLES 16.
The conditions for irradiating the electron beam in

EXAMPLES 13 to 16 are summarized below:
35
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20 card. The tine required to i mage process and align the alignnent mark
was just a recognition tinme and a conputing tinme of the two alignnent
marks. As conpared with 28 seconds in COVWARATI VE EXAMPLE 10, the total
time was significantly decreased to as short as 4 seconds. A gold 25 stud
bunmp was used as the bunp of the IC chip, and for connection an epoxy
resin ani sotropic conductive paste containing conductive particles having
an average size of 4 mwas used, and both were heated for 10 seconds to be
cured. 30 In the sane manners as in EXAMPLES 13 and 14, conductor circuits
wer e produced having printed thicknesses of 10 m in EXAMPLES 15 and 50 Eun
in EXAMPLES 16. The conditions for irradiating the el ectron beamin
EXAMPLES 13 to 16 are summari zed below. 35 34 Printed Accel eration

| rr adi at Bd 177 ad] at e rieanes S Red ansF ateod K Pros ¢ Fiad 5acda BX-
15107520+ 800. 02- Lf@icki%%ﬁmﬁoo‘igﬁtgﬁ% n@,g;p 5 tnj!'n;ln‘ecf(fsnenc o

iﬁf’?ﬁgoﬁ Efsr 39adie 5 ohOtho web-like!3esin tilnf0ufbirale 2-C2%hd Luring
the past e B T adiatintPthe ellectrod58eam tondud®d in|EXAMPIZS 13]to 16
will be HEXerilBed in def@il. As shodBOin Fih. 4. 4 a ddviceddide for
form ng pExond®ctor cir®Qit, an unwi B386r 3 fpr habdBag and uhwvdawdi ng| the
web-like resin filmsubstrate 2 was di sposed to unwnd 10 and feed the

web-like resinfj b ate.2 into.the rot screen.printer. 4. In the
rotary screenqbﬁ%% é$&4$$§H% d%%%%%n%?%d%ﬁﬁ%ﬁ%ggc ?%u?%gcﬁﬁ?nZBeaﬂd t he
four corn€Pringi gAKEAT Pasks 40 oMorthe iwphrddtkenares gy ifitnl swbsteateb2, | i ke
][ezi nsfiland@ esrnggt bﬁeebaﬁtéoﬁybﬁﬁﬁhﬁﬁlﬁi&mﬂgsEhgeélé?ﬁﬁéﬁt %{eéthh' C|h Wf‘ﬁ

ed into r adi.atin c in ex p..ln the
el ectron %ggﬁﬁ%ggédggtgggﬁbggéigg %? ?ﬁewg¥chFoﬂeﬁgﬁﬁ$8 rﬁﬁgﬁgﬁﬁ&&r past e
5 of the cond®Rt¥hoeRriifidgdo, 420imng deeice | imenforaf@emiingpai nted on

the web-|&éraueson EirsusubshhatiwZnieresi £ba2dhaladny kRa28nadnakiagt ron
beam 7 totﬁgrﬁeﬁhfiﬁgeggggﬂ QEEH‘EHBE@ga%Elﬁe&aS disposed to unwind

10 and feed the web-like resin film substrate 2 into the rotary
screen printer 4. In the rotary screen printer 4, the
antenna conductor circuits 10, 20 and the four corner
alignment marks 40 for alignment were printed on the web-
like resin film 2 using the electron beam curing silver

15 paste 5, which was fed into the electron beam irradiating
device 6 in the next step. In the electron beam irradiating
device 6, the electron beam curing silver paste 5 of the
conductor circuit 10, 20 and the alignment marks 40 printed
on the web-like resin film substrate 2 were irradiated with

20 an electron beam 7 to cure the electron beam curing silVer
paste 5. Then, the substrate 2 on which the electron beam
curing sllver paste 5 was printed and cured was fed into a
web winder 8. The substrate 2 was wound into the web winder
8 to complete the series of steps. During the steps, the

25 web unwinder 3, a screen 101 of the rotary screen printer 4,
and a driven roller 601 of the electron beam irradiating
device 6 were operated synchronously by a back face
controlling device 9 so that unfavorable stretching and
compression would not occur on the web-like resin film

30 substrate 2. In order to pass the web-like resin film
substrate 2 through smoothly in each step, a buffer device

FiS
&
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paste,5. Then, the substrate 2 on which the el ectron beam curing silver
paste 5 was printed and cured was fed into a web winder 8. The substrate 2
was wound into the web winder 8 to conplete the series of steps. During
the steps, the 25 web unwi nder 3, a screen 101 of the rotary screen printer
4, and a driven roller 601 of the electron beamirradiating device 6 were
operated synchronously by a back face controlling device 9 so that
unfavorabl e stretching and conpression would not occur on the web-1like
resin film30 substrate 2. In order to pass the web-like resin film
substrate 2 through snoothly in each step, a buffer device 35 301 for
absor bi ng saggi ng was di sposed between respective devices of the web

unwi nder 301tfierrabsoybingesaggingt was4dispbeed| betweanbraspectadieat i ng

devi ce 6, d@@ﬂcégeofephEAQgﬁruﬁwihaeEX§NPEﬁ§ §3t59y1§créaﬁ §§&ﬁQarlql was a
215 nesh uring

contaln|nbh%neﬁﬁ?§F8PebF9BeiﬁaﬁgﬁéFF?§bP&Végﬁpégﬁ%QQufhﬁﬂW%%r ﬁ%&ﬁ%r
havi ng an averbgeEXANRIERSr1dft&. 56 m tRCEAERENT| MEL BXae/RLE2 19| magh A heat

curing ty Xy S r [ S C printer on
curl NG [ YRErEpR Y rhe ép?étkgﬁ c9§§h§8§@§v3£ phgde § wag ehgfbgegenn]as ro

4 conduct%?gt§¥?tﬁgt§n(?8¥yéﬁF%nﬁ§PSf98 YHeh? ESH?SCFOWEPBH th a pitch

of 70 mMm xiPHefmpowdeshnamihg &hgaverade Ghamesase &5 Ri.Bepmcross al i gnnent
mar ks 40 were printed on the four corners. The printed web-like film

substrate was_heated a 120C for 30 mnutes in a hot air circulation oven,
and takehC gﬂ?A3ﬁgﬁYFh§x6VBHEaipér cooling. The resultant filmsubstrate
was Jéry unevexn hemd eavarixsg 2fpeatepoxly foesbn dhkvemtpasbe coasluptrbntedr cuit

10 being QEiég £u§3§eéﬁ ?E?H@eknog'g wébhﬁgkéhﬁohyegtékdhﬂ18§ Qi&m”""n the

br oadest, e narrowest. An aV|a8 ze of 1.6 nm X
2.4 nn1MA§Hbﬁﬁﬁﬁ§e h%VFﬂg g WigdhBtef dP016BB AP §ré £ 88%85 wer e
di sposed c2bcaita Rf8rnmampehnh DA andnageqahtdcteED|oardmawlMDunted on the

circuit. i@&hsbfn7beﬂﬂ'&egsfﬁﬁ bQEd§H9wﬂﬁ§n0F2 s Fh%5¥ﬁ6 shhe resin
fil msubstrate contrac ; s _Pa, Pb (see

o kb ercPas ST oamkat merkS 30 ARG, BEABRERPRe EheyEPS)
cont r act edohyers0 OTnenprtnted @ebﬁiinepfﬂim wpbberuEenwabehabmgﬂnsmt mar ks

40 Con”ag%ﬂt Bo JORIUROL (-2 48 & SOBL1Le 39 Fen FoRGCt o0 DY

about -0 taken out from tﬂglg enygfteg cgoling
The resultant f£ilm substrate was very uneven, and warps

20 at end faces. The antenna conductor circuit 10 being of 4
turns as shown in Fig. 1 had the line width of 0.8 mm in the
broadest, and 0.3 mm in the narrowest.

An IC chip having a size of 1.6 mm x 2.4 mm with bumps

having a diameter of 100 um, where two bumps were disposed

25 at a 2.8 mm pitch in a diagonal direction, was mounted on
the circuit. Precision required for bonding was =z=0.2 mm.
However, the resin f£ilm substrate contracted by a width of
about 1 mm. Pitches Pa, Pb (see Fig. 5) between the
patterns of the antenna conductor circuit 10 contracted by -

30 0.1 mm to -0.3 mm. A pitch Mp between the alignment marks
40 contracted by a maximum of -1.2 mm. La shown in Figure
contacted by about -0.6 mm. The heat curing type epoxy
resin silver paste was used for bonding using the four
alignment marks 40 printed together with the conductor

35 circuit concurrently on the four corners. Eventually, no
bonding was made precisely at the predetermined position.
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resi n',si | ver paste was used for bonding using the four alignnent marks 40
printed together with the conductor 35 circuit concurrently on the four
corners. Eventually, no bonding was nmade precisely at the predeterm ned
position. 36 Reference holes (not shown) were forned on both sides of the
sane web-like resin filmsubstrate using the sane device to avoid
contraction. The sane test was conducted again using alignnent guide pins,
but no bonding was made at 5 the predeterm ned position. Accordingly, in
order to correct position displacenent due to contraction, it was
necessary to formone or nore of electrode position alignnment marks near
the el ectrode of the antenna conductor circuit and conduct the alignnent
for 10 i mage Redependeomdleseddiety sdiavr)i Maraufiammed omPeth exides it

required cf»’f“ifrt?e_ tééﬁ&af Qﬁeﬂ—%iﬁﬁcﬁgﬁﬁntﬁﬁnsﬁﬁ@ﬁﬂﬁbafgfuéﬂlﬁ?gc aiﬁegatmaet fﬁr the
i mage recognition of el]ectrode ition, upon bopdi chi ach resin
f L subdigaee rPc‘é°i‘§i?<?’é‘éﬁa‘?€:f%‘hi pgr%r%a%%nﬁﬁﬁg?‘&af ngopBerhef| m

subst r at ggain s ¥reg) A ¥ ahesn & egwhdis . piMher ebwiereo f bordiegewasvmade ahi ps
anongst hecrd Xiede t xS pdd €fomppeared to be caused by deformation,
i.e., breakaggﬁof H}?’eﬂ nteg‘na conduct or circucit. Tt%a di s(g] osure of the
present appl i &9 test $BEL 1 SHFETE RAFT U ETR BT TH Yapanese
Pat ent Aphbié ctn ieentigctiidn 247048a% | nece$saseptenpermione 99y, mgxpanése

Pat ent mdﬁ%d@f’gé\@itf&@%iﬁéﬁﬂ&ni ih&eks m&ept enee1dct2088, o2Nthe
Japanese Pa{ﬁent A?pg%é]caﬁl on flo 2€00_€4282ﬁ§ f{bl d in. . Febr yar y 21, 2000,
the di sclUE R fORMTIEHRrE eYPtes{Py SBPTRE rﬁ%?a?éﬁgﬂ@?ﬂl n“BY reference
in il8 ertnags yrecognihibom dibeeachedeshnt fibmsisgbstmiadee alAalyresibhti oned
above, vayi MsquPEld | CRtFoNEimEdor al | SlatéObsasBYo PesaBERaY EBeutndeparting
fromthe novel andﬁdva%;agjeous featurgﬁ of t?e gr egen mven;ﬁl on.

Accor di ngtytInRenE £9F PGNP AT O APV aPT 2B BR5T3PE PREANARE to be

i ncl uded upwr ondirg stOpehip theeappeneetn cfhlmssuBItcareds $ingm active
engr gy bepmddn nﬂctdfkpﬁpt_ §0@Qb@tb%§d@@§t@ﬁfh§0ﬁé§1ﬂ: Po1m §@BQ§§E\E\A§? it
substance, and a i Ve _ener gy,beam 0 ri zapl e, conpoun erein a
cureﬁ]gnat#eeQ‘fﬂb%Qa e ‘2 "a %%%%s‘?’?’? nyg‘?etéggﬁﬁgggeeggl GBLRG t he
conduct i vamongibshengixteerui@dchips, avhitkcapbeabednthabenganfaed by .
accel er atgroMpdt &€, 01.450 k¥eaRdganokr tadi andéndesedfattor circuit.

The disclosure of the present application relates to
20 the subject matters described in Japanese Patent Application
No. 11-247043 filed in September 1, 1999, Japanese Patent
Application No. 2000-266389 filed in September 4, 2000, and
Japanese Patent Application No. 2000-042822 filed in
February 21, 2000, the disclosures of which are expressly
25 incorporated herein by reference in its entirety.

It should be noted that, besides those already
mentioned above, various modifications and validations may
be made without departing from the novel and advantageous
features of the present invention. Accordingly, all such

30 modifications and variations are intended to be included
within the scope of the appended claims.
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kGy, "has an internal stress of 5 to 50 MPa. 10 2. An active energy beam
turing type conductive paste according to Claiml, wherein the cured
matter, obtained when the conposition is cured with an el ectron beam
having an acceleration voltage of 175 kV and an irradi ated dose of 40
kGy, has a glass transition point of OC to 200C. 15 3. A nethod for
produci ng a conductor circuit substrate, conprising the steps of: (a)
forming a circuit pattern on a substrate using the active energy beam
curing type conductive paste according to Caim1l or 2, and 20 (b)
irradiating an active energy beamto the circuit pattern. 4. A nethod for
produci ng a conductor circuit substrate according to Claim3, wherein in
the step (b) the active energy beamGIRAIMS adi ated so that a cured matter,
obt ai ned 25 when a conposition of the paste excluding the conductive

substance,is cured.with an_electron_bheam_has_an i nt.ernal tress of 5to 50
VP, 5. Al et RIS BEVE SHEEDR, DSy SR ARG, TePEe SOROB A P25 Brcor ding 1o
Cl ai m 3 oeonatahndtrgi & caAndnetdvepsubptanece.3endcenyacddaiey ey jpeam

irfadkﬁteﬂo§9mé£§haBléUESdeﬁhH?fwh@?bihnadcwﬁea MateEROSiditdinefd t he paste
excludlngﬂéhe conducth§$ sub?t%gce is.cured.wi.th an.el ectron heam has a
glass tra ??i%ncﬁgpﬁf °8cCfo t360B2SES ﬁxﬁ&Pﬁ389f5Pepﬁ&&$5q$ V&€ conduct or

circuit sebbstanee 35 gureddWAght anamy}echaonf bepmi avango a® wherein the

actijvet eA8EEYe PEBNbLSvEN taHECHEON SRERM 238 an ArFaliled eoiadieodciqng a
conauct or

ircuit substrate_.according_t ny .qne. of Clainms 3 to 6, further
conprisinﬁgythﬁagtgﬂ %Ptfgfaﬁeggfﬁasaﬁg §p§PyPﬁgﬁgapressure to the circuit
patt &On i 2radhat adtivenenpsgicbean cusing Beae conducAiyendastter circuit

substaateaeeeﬂagﬁg By @16Bhhed {BereRhoduel BHradC Al dbt-alidd substrate
accordi ng

conduct orvREP coe SameBPAEAeh Tgrphref y Lt oy g6 srom DA Hifiithg
circuit pantefpedaratieni wofltpgesafsi?at &V Bpdpenniirrgdd adedd desiev @fpast e
CO”tai”ingo?kGQDdHEEi&egl%BQSE%Bﬁﬁi%&@na%oaﬁEi%% ®ner gy beare pol yneri zabl e
compgund W th 4o LRLAM LokY BEoRLERHE & 2Babblhs' Ch3dial Mut.Adld ve ener oy
comprising the steps of:
(a) forming a circuit pattern on a substrate using the
active energy beam curing type conductive paste according to
Claim 1 or 2, and
20 (b) irradiating an active energy beam to the circuit
pattern.
4. A method for producing a conductor circuilt substrate
according to Claim 3, wherein in the step (b) the active
energy beam 1s irradiated so that a cured matter, obtained
25 when a composition of the paste excluding the conductive
substance is cured with an electron beam has an internal
stress of 5 to 50 MPa.
5. A method for producing a conductor circuit substrate
according to Claim 3 or 4, wherein in the step (b) the
30 active energy beam 1s irradiated so that a cured matter,
obtained when a composition of the paste excluding the
conductive substance 1s cured with an electron beam has a
glass transition point of 0°C to 200°C.
6. A method for producing a conductor circuit substrate
35 according to any one of Claims 3 to 5, wherein the active
energy beam is an electron beam.
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15 pattern. 10. A nethod for producing a conductor circuit substrate
according to Caim9, wherein the active energy beamis an electron beam
11. A method for producing a conductor circuit substrate 20 according to
Caim9 or 10, wherein the resin filmsubstrate has a thermal deformation
tenperature of 150C or less, and wherein in the step (Il) the electron
beam having 75 to 300 KV is irradiated for 0.02 seconds to 1 second. 12. A
nmet hod for producing a conductor circuit substrate 25 according to any one
of Claims 9 to 11, wherein the conductive paste is an active energy beam
curing type conductive paste according to Caim1l or 2. 13. A device for
produci ng a conductor circuit substrate, conprising: a filmunw nder for

f eedi ng a7r esAnmeithed3dozupsodaicd nga ar coadpatyre qlriowidr sidrstarate i ng a
conduct i vacchaali 8gCeat anky Beied 00RdWAlsV S Hb%!, aRe +Hd: Adbniplidhener gy
beam pol yEErl z%bl e gog‘gﬁu dggq the resin filmsubstrate provided,” an

i rradi at or“FoP “PPr 84i afi nS‘e R6: APE BRRAY % & ATESSHTE it Sat tern

f ormed byciheupki pathgrnaigdradfiateds wikihndde famtiweneinegayp deam.resin film
subst rat egaf t & cohBhato! iARcul? khbsAr@®W o2 odRicell HIUE R thdPHCt or
circuit subsarate aCCOI’%I ng to Claim13 Wigraﬁl n the“rotary type printer
is a scrBEROBPAPeP. CPBAURTREY CIEHIE SUBSTEATS 2CCorGitSort cigguiane

subst r at eof5Caadwsdidngot 3.Cl ai m 13 or 14, wherein the irradiator for

i rradiatigg themafahbuef%&eg%ah%amgi 2 2RnfhROR1ReAT: ISRty 16. A
uctor. circuit substrate according to C aim 15,

device for Rroguilngtﬁ con )

wherei n t RRMBFAELPEn tBEaMPPPalfdtor 10 is an area beamtype el ectron
irraditator. 17(IN forminat accirutbnpattenyg ansabsesahefidm whbshrate
circuit paytgerindidgal kEnGllick19Ee palYal dntelf 1ty QUidon RIS/ bei ng
formed by _a cgnductlv %gste ontainin g condycti ve substance and an
active en8PB§ BBSE\BBﬁy r PEABVE f@eEggb GRE. PPEYMERTAEFLIEN ComPousd

accor di ngwithCharatary, Weeecprinter.cianduit pattern has a dried film
thickness of 10r1p 2PPadiutidg: adt BBLIGE ERBrByOHEENNYo2tANERBLAE! | D,
conprk§|nga£ggrnsteps of: 20 (1) formng a circuit pattern on a resin film
subsﬁTate )

10. A method for producing a conductor circuit substrate
according to Claim 9, wherein the active energy beam is an
electron beam.
1l1. A method for producing a conductor circuit substrate

20 according to Claim 9 or 10, wherein the resin film substrate
has a thermal deformation temperature of 150°C or less, and
wherein in the step (II) the electron beam having 75 to 300
KV is irradiated for 0.02 seconds to 1 second.
12. A method for producing a conductor circuit substrate

25 according to any one of Claims 9 to 11, wherein the
conductive paste is an active energy beam curing type
conductive paste according to Claim 1 or 2.
13. A device for producing a conductor circuit substrate,
comprising: a film unwinder for feeding a resin film

30 substrate, a rotary type printer for printing a conductive
paste containing a conductive substance and an active energy
beam polymerizable compound on the resin f£ilm substrate
provided, an irradiator for irradiating an active energy
beam to a circuit pattern formed by the printing, and a film

35 winder for winding up the resin film substrate after
irradiation.

39



Ry printing a conductive paste containing a conductive substance and an
active energy beam pol yneri zabl e conpound wth a rotary type printer, (I11)
irradiating an active energy beamto the circuit 25 pattern, and (111)
mounting an 1 C chip on the resin filmsubstrate. 40

10

15

20

25

14, A device for producing a conductor circuit substrate
according to Claim 13, wherein the rotary type printer is a
screen printer.

15. A device for produCing a conductor circuit substrate
according to Claim 13 or 14, wherein the irradiator for
irradiating the active energy beam is an electron beam
irradiator.

16. A device for producing a conductor circuit substrate
according to Claim 15, wherein the electron beam irradiator
is an area beam type electron irradiator.

17. A non-contact ID comprising a substrate, on which a
circuit pattern and an IC chip are mounted; the circuit
pattern being formed by a conductive paste containing a
conductive substance and an active energy beam polymerizable
compound.

18. A non-contact ID according to Claim 17, wherein the
clircuit pattern has a dried film thickness of 10 to 200 um.
19. A method for producing a non-contact ID, comprising the
steps of:

(I) forming a circuit pattern on a resin f£ilm substrate
by printing a conductive paste containing a conductive
substance and an active energy beam polymerizable compound
with a rotary type printer,

(II) irradiating an active energy beam to the circuit
pattern, and

(III) mounting an IC chip on the resin film substrate.
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