;P ()*+, -.e3e?" M ; >p> vL6LTMEBO July 2004 DESCRI PTI ON ACTI VE ENERGY BEAM
CURI NG TYPE CONDUCTI VE PASTE, PRODUCTI ON METHOD AND DEVI CE FOR CONDUCTOR

Cl RCU T SUBSTRATE AND NON 5 CONTACT | D AND PRODUCTI ON METHOD THEREOF
Technical Field The present invention relates to an active energy beam
curing type conductive paste, and a production nethod for a 10 conduct or
circuit substrate using the sane. In addition) the present invention
relates to a production nethod and a device for a conduct or3Qry2904
substrate preferably applied, for exanple, to a non-contact ID antenna, the
non-contact I D and a production nethod therefor. 15 Background Art In
recent years, demands for non-contact |1 C cards and non-contact |IC tags
(hereinafter referred to as "non-contact ID'") for use in tel ephone cards,
commut er passes, and the 20 |i ke have been increasing. The non-contact ID
uses a radi o wave for transnission/nmmeptbnnnof data such as the residual
quantity of the tel ephone card, and 'the effective limt of the comuter

pass, and gen e K i 0 sary for
t he conmuni ca%r:g,ﬁ;%;?p& nghmm %ggﬁf%ﬁm LOPEG% @3 m?#%‘ﬂf‘fﬁp

conmmuni catr on PobELT e AEBWEPNYLTOR aFF Imué TRATE ANPaNPBY ant enna
circuit, i3 a printingCANTACH %MDCQRW%‘&QNWEMEHERW paste of a

t hernosetting or thernoplastic type is printed on a resin filmsubstrate
such as pol ycar bonat e 30 pol yest qrechggggfsftleer daI | oy, and vinyl chloride,
and is thermally ﬁﬁ grlnv 10 3 circulation oven to form
the circuit. The erm)se{' n 5?1{'1"{'1%% 8 PASIEIE PRETLIY &3 be
heated at hi g @FpL¥RE Lﬁ°é’déBF?éYe RAfttiengart prredratioh meahedefalgst rat e
(base, orldratiducsobecirartiddubstrade usingaheasame bi Mmiemdaithber,nosetting
resin such astrepexgseesiihveatitlod reidlesUty 2QRbaubhy¥dn MREhBaased ¢ an

i nor gani c Subfé\@'&r@ef&flci" &adgt@as diilua t HONBME Lo Nl el DIaf S €5 2
| ar ge anount eatl el § %ged an ar ge 00 area for

nount i ng heat| ng a rat us an%nt us 2unBtonoR EartagutPs al so
suffers fromie?d Bg‘i"t%‘wﬁsma&%‘b‘hb&eaeﬁerow That is, a conductive paste
usi ng as %@ bi nder an inorgani c substance such as a glass frit general |y
needs to be fired at 800C or nore,Badigalduhd Aker ef ore not approprl ate for a

synthetic resin basedRHbs{EML. Rahds £ %Heéo:ﬂ%l%@ é & car jugtlve paste

using as a bipder ernosett1ng res nfAstic resin
baseg substrantz)g' ?ﬁtém InéD%aP 0 ﬁ?é"?gsfﬂ rﬁfleﬁtrgﬁbfs‘t raét enB’F’t"ecH‘tﬁ&s

however, poortX’ Hefﬂ’élusreeﬁnsf%%@“&n&#?%r CoMpt ey oasselser ard tdef or mat i on
t enper at 1% gfike2baverbdepsgncieasdngw ofhd mom-icohaddt iTDy nsashesiadaness,

| am nating pwaper fyr eHEMeHsEBgonardeabilibd Yor aRdaCOSIS asAﬁﬁQrfﬂﬁﬁh %1 the

substrat e lsqctamwydoéoxhte@tlgwanrtgcgta HhaP AL o e ARG L JRE o0 150C Tor
10 to 30 mnl{h 8 I ous ob + p i'ts
N ere

pl acement is PSSEUb%'é‘g@&HFrst >8 Gsf?ﬂj% WéV?e%‘b’tstla]ﬁt printed
wiring cir curetlecgﬁe‘érltq‘”@él RGCesTRE Yy §§Fnﬂfq‘- lcemmubieatiton ofiagafes i n size by
as much &9 0.1 tPme 5%thadtfanpredseimnc lcanguitidiorakbodhuciciatass, after the
substrate iswdthedh@rounsiad/pdber Geanger &l WHecRMURL L) £hiange are not

L or N PlediBing| daeuille SOPLAREhS LntUObEELET ke Redl M story. I

extrenme caseg, gt‘&{ve r‘% ers unevennes ing and
wrinkling. The di rens] Sr?ﬁl ech naget e§’“8§?)'é‘i:’1“§l Py QWP@F\PSW%rFY@ﬁMﬁdl ng and
wi ndi ng the P&dPRediemma meehe Fidimmsebsbrateh sgahsas ipplyrcasboratle),. The

def or mat i38n a@edyds hemnsirongkstérnrgacef e viaglncBlbrfiidem §lucbsltsr ate not only
deteriorate ttheraapalaied 6f dhiQd 88ifgfd hBtsHbsStdialgiabls &lvaq preak the
conduct or Ci Iggllt 1 OT33,§L  the i npedance of the antenna conductor circuit,
t hus adversely af%ectl ng its functions. Also, there is difficulty in
al'ignment, and a ¥ g‘?‘?r%etﬁé@@negp‘?)r‘tﬂnéﬁg‘éﬁv%?a\ﬁﬁ%lt equerefi o i s bonded
to an el ectr G&ehs@tftq @rt bfigh heempemd it @ rafitiercubdting babpiDatiggt be

non- cont 86t ItPe Rubst3atéulya2dO04bd hatb&r %ngbtbggrtegf) hgatcE Ul Rgeks at 120C

for 30 m nut gs, aatg'ijnéer}ear @ﬁéﬂncjéet@ﬁgbf {I Osucl§ transgorted at a,rate of 1

mmn, the use of a long Rot air cir RUGVER RAVIAG-E1%endPR of as
much as 30 mis required. Enornous 5 space is required for its placenent,
and it is difficult to transport the resin filmsubstrate stsbly with | ow
tension for such a long distance at high tenperatures. The conduct or
circuit using the thernoplastic conductive paste is often utilized in the
keyboard of a 10 personal conputer, etc. The substrate nade of, for
exanpl e, pol yethylene terephthalate contracts in the step of drying the
conductive paste. As a counterneasure, the substrate should be pretreated,
i.e., annealed. Further, it requires 30 to 60 mnutes to dry. The resultant
conductor crrcurt 15 has a defect of ~poor solvent resistance, etc. An
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Exanpl es further include three or nore functional polyvinyl ether conpound
such as glycerol trivinyl ether, 10 sorbitol tetravinyl ether,
trimethyl ol propane trivinyl ether, pentaerythritol trivinyl ether,
pentaerythritol tetravinyl ether, dipentaerythritol hexavinyl ether,

di pentaerythritol polyvinyl ether, ditrinethylol propane tetravinyl ether,
di tri nmet hyl ol propane pol yvinyl ether, and the |ike. 15 Exanples of the
conductive substance for use in the conductive paste inclugg)dﬁ a2 O@bwder
such as gold, silver, copper, silver-plated copper powder, silver-copper
conbi ned powder, silver-copper alloy, nickel, chromum palladium 20

al um num tungsten, nolybdenun) platinumand the |ike; inorganic substance
powder coated with these netals; netal oxide powder of silver oxide) indium
oxide and the |ike; powder coated with these netal oxides; carbon bl ack;
graphite; andinhé fesda anddooramuimerganihesdstendeiciuche a25gdavsifaides nmay
be used in combinet] AeatABBAhd heqGOREKIC i1uegs LshARCEs, eddiarysi hver powder

i's preferabl %‘:nﬁ'ﬁ'&&m Q%ehl gop d I MbbY: a £03USESH1 4 %%3 increase in

resistivity ue {0 oxidation. uctive s t ance can agy shape of
grain, 30 balf2tt?%aPPazalpa. "’;51 ttE“S bR, °E “eﬁﬁBm{'h‘éaJt 112‘8

consi der afi of16P FHifarsnaen Wi LABLEBHARS Aeechiliest RAL@S- each ot her and
the fl owability dfhathescoadiciduceipagiastet heidy asch, bsoreaor bal |l shape

are prefer abllaorahel&%p@u@tﬁa@ smhsaam:aﬂh@&i B Aedkes BOE ndeageter of 35

0.1 Eun to 10Q a LN Vi § f co duct|V|ty and the
flowability (%te E e%o%d@@? °r et e CR 1 ht P 7004 preferabl e

that the avePRBECRFifHst éPrlg i}g’t etlﬁt’f"tf‘lﬁ‘obEﬁ‘hd Sét‘ll?atﬁ%'f% pPB &P8bly 1 to
25 Eun. TRe Wéﬁag@aftﬁ -areferditigenpastsang odurretipdernver age di anet er
nmeasur ed by ahkeasese thiifnfgr aesimwnismappbicatielhe am}tmmheoictmlmondmdi ve
Sgg}sL ance 'ﬁ spsgtewéﬂ ywﬁé%meﬂaeugbt e FREEn | 14 e%e&&w@%tﬁw tyt Snd
o by weig r en co 0 coate
il mTor med, nabe hERver) Posi oriht oL sARce (O EUbYCLN P hab E
conductive pdbegmai I?emébh‘tftlcttei‘“?érp"aé‘tee o€a 2‘&6n9§u }ess bitAdgiepSEner to
adj ust pdst e prilpEaRi ity gafih¢gaviesens nglamiopsiny  PRaPErpy oprstoisedngf t he
cured coat ed workabvistyt,hanbi &slads .pohye@fdinglpol s lsubavidng: aspol yneri zati on

degree of 10 4.@, atSe Wy ayer uk gr ght of
103 to 106 i § o2 ’Lfera |og’ii% i g;?ﬂ%’%@te%gﬁ%zg%&% erlégguléé@b
ate :

polynerlzable et Ienlc URSAT U anples i ncl ude
acrylic resi f*3B ?eﬁaér‘-sre%t?ﬁmeatkgra IP’ésqeﬁedep‘bfy SHREPFEICHoISFFPny| resi n,
f1 uoror egi®n, usiipgcthe mesuAtaRpy griatef wissing, cardwd -r eShecificiatbyt adi ene
resin, pol yurteatehﬁaeur &silm, sapskridte th&tgesTha s£54 bymay mecH eacoed with

(et h) acryli qoael gy o xetaqweﬁgeetahhaﬁw 15\.Iuﬁa.ngf-|ﬁcﬂe%t§m§ drdf@%zr ang the

| i ke so that RARsHn aet ulrsatiel roup, |rs |n,1rh%d ere%g oun PSI n can be
used al one orf PR 25 |on T 5800 or rmre SEeher €0 T thé* conduct i ve
paste is cur &33{P¢ tP%Fn “t?ftt P’éiﬁ‘tﬂ"letmr&%ﬁ',‘“ea FABES| the saPsFralfd 18

phot oi ni t4Sat Gubdedtedrtobbeatiduistiogyt helc exduene veasgast the Atesgp ibwl vent
can be added substhete gddets endvanhess ) wairdehgt endejrtiskiide. virasosity. 30

Exanpl es of ttﬂﬁteﬁ?lé/rf%ﬁt chQHl_;é’dfs ‘é%bgef:‘éuﬁr ?Eatér@e whahcamrﬁhn%e&t@sol ves,
et her al cohol s e used in

hdln Sle e ﬁoo entgre
conbi nati on. "EXSnD fr fh% oﬁgs %c e ?h"ﬂfl Ryf
met hyl i sobut W°I%ét)oné['h33 Asépramoie apdhdbtensdanal aﬂ’&nﬁﬁe“r |‘R€ r351‘Exarrpl es
of the ard@natfiids swiedtuddet obtierdy Agtenmragzehyhdappeaeancd|af abenzene, and

the |ike. ExagehestOfm tslmesisate 3®udubysd Hitasl aqmcaosdhaswdﬁmthanol ,

et hanol, iso ory L2Re o) e coI)
propylene glggoﬁﬁggénz E? %?% %% éh% égﬁéggg é?%( %L £§% hé cel | osol ves
i ncl ude met hyPUgePtEsiey 2B #cA l“é’eFL 6s%'}’\Fel°BﬁtylAl§°ceFlP%%eoIJ\?e hexyl

cel | osol ve, &Hdfipelty ke aExamﬁrés ehdthecystlheting delgomes i prelgdeedr opyl ene
gl ycol mssshylwhehhehe 10 @bybene wngeal tetehylelet:’aﬁsde Reepybenre ghygcol butyl
ether, and ”?:%nlah&‘? r@S] FR €St fs HpBgc£8L etrh% hg agthyh, acetate, butyl
acetate nor mal cel olve acetate, butyl carbitol 10 acetate, and the

| i ke. The nmethod for producing the conductor circuit substrate according to
the present invention conprises the steps of (a) formng a circuit pattern
on a substrate using 15 the conductive paste of the present invention, and
(b) irradiating an active energy beamto the circuit pattern. Using this
met hod, the conductor circuit substrate on which the circuit pattern nade
of the conductor paste of the present invention is fornmed can be provided.
That is, there 20 is provided the conductor circuit substrate produced by
the nethod for producing the conductor circuit substrate according to the
present invention. Figs 1 and 2 are pIane V|em5 each shomnng an antenna

Y o ~ -



30 July 2004 winkling are produced on the resin filmsubstrate in the web
formand the like, and high productivity can be obtained in a conpact
facility. Specifically) when the active energy beam curing type conductive
paste is cured by irradiating -5 the active energy beamfor a short tine,
adverse effects on the resin filmsubstrate due to heat can be avoi ded) as
conpared with the conventional thermal drying or curing usi t he_heat
curing type paste. Also, extrenely significant advantages éﬂg July 494 ned
such as (1) 10 inprovenment of the transportation speed by as nuch as 20
times, (2) space saving of the device for curing the paste of the conductor
circuit by as nuch as 1/15 length, (3) no unevenness, warping and wi nkling
and a shortened tinme required for alignment upon bonding) and (4) the

i nprovenent 15 of the quality of the non-contact ID card or the non-contact
I D tag, etc. EXAMALEh§heomtiddent of nveatt iconing fsurethe2oid fast3&ted in the 20
non-1imtingmératgs esansethé arddinb &l bw. subs tirhee exanplaaspoateld @ar &8s are by

wei ght. A Coadycét viemPashe {HXANBLES o 1lRg4no CARABAILYR EAMBLES 1 to 2]
(1) PreparatiQn; ﬁé cq@gg%l £ ha %e 25 Ig SE.eCt :jélggugggﬁonegnosm%gom in Table
neade

1 were prem cession m thiee rorls to
prepar e réspé@?F?e"%%GH&F?%J%a&FésPI%GZ’}“GPFodi‘Rf’c it i8f IEHERti ¥ circuit
Each conduct it¥enpeente thesresiredddn shvshrgiteas POOlynwitih 300w tteinsliens st eel
screen on a gorosact racabad distandbsit aiyht @empérateaed.circuit pattern. The

el ectron beam wasrief E3fadi st LIEESLO WIh0AD letRobearidype el ectron beam

irradiating Curet EB uf red by. Ni ssin High
Vol t age, %%E{igg lve nger ?hes é’%r‘i& t'ft()lnslzteﬁa%na'#’ g%e]f eraaétl on voltage is
175 kV ar]ra aReFF?%&ﬁ W@H“H%%e qt& - 40T PPt ER BR iMPdeaC ontRIC eFAMBI S cui t . 24
30 July 2004 ppOHRAETEVECEINPREaBE Jordaadustinehpastep wals dpyepar ed, and a
circuit pattens easddcetivedpasted PEd &Wiuintabfe aurdgsSené bagbethaBXAVPLE 1. An

ul traviol et La¥.NASd &,&a@f@a@ata%et Wrledit g, disianee, of ?r%gﬁlfgg using two

120 W net al ?@I 1:964 c % con i g % Tl VE

EXAVPLE 4 3 par P %u sp‘h ﬁSl Jiej e fﬁff éi°ﬁ PCEORE z’fﬁHé

manuf act dPed "By "Nl‘lﬁf&"r Ka§ BQPTColventy resigbanceyaets - of 10 resorcyl

gl yci dyl ether ("ADen&tehptEXazObeéemaradeatt ufeo heNagadetOremizalis Lt d. ,

21 .9 parts ofwidhcymradcasbndean' AbEDdy typRUEacdudtedebyadyd NomRLAg COo. |

Inc.), 794. 8t9@r&§e<9:fro§' {)ggﬁ c‘?ﬂ\ﬁqsrtypﬂ:c dué‘pﬂle %agtgar’glﬁé of n- bUtyl

ceI | osol ve ace{)a{rat(er teq{ ggem a manuf act urg Tokyo Kasei 15
Co., Ltd. é were prem xed %‘i‘/ S‘Féﬁe T SHIAPPI 25 £05PRAR d@cﬂ\/\n PR three rolls

to prepaf téﬁﬁ‘&‘tﬁﬁqt\}égpﬁét@erﬂ%iﬁiﬂq cOBAREHYeNRISEDr TETERY t Hie

subst rat e usidm§ormatioondicthe/supastetasandeshe i diextache EXAMPIeE 1, heat ed at

180C for 30 mubsié@sentSisBgp dad@eseYehed ot €4h tHe RV EYELE B conducti ve 20

circuit. [E Yol VTos SRV t rcuit pattern

[ X’%WL—:Ethdﬁsg c\é mQ ﬁo%éé?érﬁ%%rxzﬂ/ﬁ %ﬂrﬂiu%{%& p

was formed on.th T stratg escrib he e| ectron
beam was i rr&arated t hgf"é?‘belim BF hECARe PR (OGP bYRS £OPEHEER'S n
EXAVPLE 22 TRashe dwasupPEchhemreforveranndspl inding i lacordqtdyisvd pressure
rol | under thedcadidisiivenss$ hgionafimpinatinge was 100C and a pressure was 10

kgf/cmto provi dercao¢ensdifd @uchi pEdtitlems), EX4PRleEeOlnSarfi ne@ndaedr circuit
vas. provi ded a1 i SATBuBRIMIR SN D S5KAYELE 5d1%‘i‘39£;%&&§ ifmer ature

was 25C in the heatin ressure application 'ste 12,
COVPARATI VE BXAUH HS F8“§‘§) CHP- PR BTERT oY &6688& Y BAste 35
Respect i V8 cOAPBHEIR Peamolipr iqvrias) ean® thad Beateng - prdegozddnyte precession
mll, and knéhdednethod,t bneeureld saffer had8 ﬂwmv%aOéohmqwmaye wespecti ve

conducti ve pa%tggqm(l%)s REQEUE 11011 08°cC 9003V Bo 1 w dgnduct | ve

past e was scr?egg i Qu scre screen s i near
(..in) on a < X su steragter%an 1\% &R £t e ectrodes were

di sposed at %ﬁf@?"?}*allfs tgf a&@%ﬁhlﬁnﬂemfﬁd BPi ﬁ'ﬁ‘éf‘oFrsaGeﬁh %VJtrWe levekeatodes were
connect e@Shy raststowet. hdapapese Unetdmiofed3PatentlR@peliegticon beam was
irradiated thpabei@atidnf 86M L0k 260NELEdI04E s Ch Ifdtinbadgofesiiinged in the
above- nenti oned EXAMPLES. 10 The resultant conductor circuits were

eval uated regarding the followng. [Internal stress] In accordance with the
nmet hod for nmeasuring the 15 internal stress of the present invention as
descri bed above, an internal stress of each cured filmwas neasured. A

defl ection radius of curvature was neasured using a | aser displacenent
measur enent device. [@ass transition point] 20 In accordance with the

met hod for nmeasuring the glass transition point of the present invention as
descri bed above, a glass transition point of the cured matter was neasured.
A dynam c viscoel asticity neasuring device, "DVA-200" nmanufactured by I T
Ke| soku Sel gyo. KK was used 25 [VoI ume re5| st|V|ty] Each conductlve paste
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d 0s. b as Qednod 14wd2sCine -hddthhn§ tbdge@tubkk Y ardd ﬁegrgéesuthe:go July 2004
B. Production QF;Q t_\1fff ctcondu&tlveb&g‘: rctwt e bstrat EXAVPLE 13] A
S

web-1i ke gol ye i subs & Was Conti T mjo J‘i‘e‘ﬁ: roma web
unwi nder . >An °8pEe¢ r"tﬂt:tﬁéah?% %Fi“ﬁﬁe%ﬁ%étemﬁ%‘%@% R ?ﬁlfﬁfé‘redcont ai ni ng
an acrylic ra&dpposikty gepanéthqionnghe parter,ywkeredan ipr bat@ves 0 provi de a
conduct or ci BaBEicdlkx havEagn an faver pgetddni.CKRestnhednosl, Beie as shown in Fig.

5. Then, t e 1RSI AIssCLAGUd b\@a_s.mte&l,amsoﬁnfﬁnﬁ%t—han&eam'rrad' ating

device to irradiate it with an 10 el ectron beam having an accel erati on

vol tage of 200 kV and an irradi ated dose of 40 kGy. The antenna conduct or
circuit 18 renoved fromthe ePéEEIoFH IS FRYaI&PI ng devi ce had resistance
of 40S2. The el ediy ohibelamfivdbei prestindt ddvémrich 128 segonrdddesance a 15
transport at i eBnapeei,edbhaces mfaes cAnfbd MsedbséF af @ub8taltd 'Haadhgt i Ng part

was 20 ninmin o@P%@atj %@'i?t ce fNBakT L 8dli3bEde Al BRim ga.%eé:ps m1n§5 glg;f‘;gr![ Egd

i n COVPARATI E%(ﬁ 8 (tgrans ortation ‘?#)

| ength of the Al Eir ’E‘Eﬁ ot iSGREBYEN WRE IPHIVTEAR HRd®20 curing. In
cont r ast 13al FHBEEFR t&PPR afisifo FOATLRG: sFel IRRAUBE 1N nPas tantisc Rused 20
times gr eat edn aheerl sbbrontimer adi tihé npndevice ciowhdt hpweiddteohengt h of 2
mm  whi ch washiéd e reheiienglenmals th@daet it roCitheUbatdRitopven, wher eby

the space of ci by fe\dbefOL d Ha0BL L LAY, D, SREEdasfizy Pldce the tiTe Tor

|rrad|at|ngthed S, gtsu bstrate with the el ectron mwas very short,
at 0.12 secoRd4%™"% l"lnn(??@ %e in tenperature was not observed at all. As a
result, 2Re resi H‘“Pfcpﬂi—'s‘ﬂb'%etclta?é thekdresert dmventioe id deot poavide adi ation
di d not havemgheodrfivesprofizeipiong oond:twiri nkt¢wig dwhatd.a Aidiceiance error

bet ween an abhgtemntisTEbkmdd AN at BEbs@SIte , f vhiBm URSheas dditient ed by the
rotary Smee?e?&ffg(frtoagg %n%.lt.t%%gfogﬁ:ogﬁgl £ﬁ§&r%ftfte'2§h£§éﬁ;“a conduct or

circuit 10 was eas L{:I‘ ¢ err.or he resin film
substrat e waS*FBtHTEd 184 Jéta]od:r‘l’éi“ HGt tEViYc e PEEMGTEge SPFORESY &RE of the
printed &Pi gﬁﬁ%ﬁ%l‘f?d‘rel'@ 82 theggubaryatrOgRonot tkm £oumiedr ners, the el ectrode
position of each sgifiénasctt@rdubiect Gifr chetphdenasishadtrininnesd t® bond | C

chips. As a pesvlded d metBSa Y advibalrRAphod&Sing hi LoRGIHISLT ate had a
commruni cat i oglgéégta%is%awe( tgtrlgg%ﬂnmcgggugpomﬂ:gulQ)n?nr ugd Jfrhe

non- cont act card requir roCess a

al i gnment maPR LY GsPia r’é’d’o&ﬁf‘t?‘bﬁ 18- nﬁt%md “&tEoﬁpYﬁ‘%(thF%e of the two
al i gnmenBOnaFREin\timenpar ethencondagt istec oadte | (WiCOWVPARATIGMELIEXAVPLE 10, the
total tine wasesgemmsisi, caatpingleer eassd ing as orestds filsecaBdsrat® 10 gol d
stud bunp wagnuged gt B? 53% ek the 1likeChif ARG Bgﬁh g%%i@ﬂ: n ACF
(ani sotropic, onductl v% was used, and both were heate seconds
to be cured. 4 ‘i KYweb- I|ke polyester alloy filmsubstrate

mat eri al havi ng é‘e\ﬁ BRALRAT B00eHn WadheoRFETRRGUINYCREPf A6nta web unwi nder.
An el ect Bdn brawidaira mgnscénmerctpabt &ndiiat pradind tider mebinddifvirnghan acrylic
resin was prisahed wichOcan 'ed %&)¥1§E&Wap§b5'§texratreoh9‘(zﬁ¥d dRo2 fegpductor
circuit 20 20 having an average thickness of 20 N.mas shown in Fig. 2.
Then, in an electron beamirradi ati ng device, the el ectron beam having an
accel eration voltage of 150 kV and an irradi ated dose of 20 kGY was

irradi ated thereto. The antenna conductaer circuit 20 renoved fromthe

el ectron beam 25 irradi ati ng device had resistance of 60S2. The el ectron
beam was irradiated for 0.24 seconds, since a transportation speed of the
resin filmsubstrate in each irradiating part was 10 mMmmn, and a | ength of
the irradiated area was 40 nm As described i n COMWARATI VE EXAMPLE 10, the
transportation 30 speed was 1 minin, and the length of the hot air

CI rcuI ation oven was 30 min the heat curl ng. In contrast, although the

. o A~ Y .



20 card. The time required to image process and align the alignnment mark
was just a recognition tinme and a conputing tinme of the two alignnent

mar ks. 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 connecti on an epoxy resin
ani sotropi ¢ conductive paste containing conductive particle g V|n£@ ?n
average size of 4 N mwas used, and both were heated for (53% Wtd0¢0 be
cured. 30 In the sane manners as in EXAMPLES 13 and 14, conductor circuits
wer e produced having printed thicknesses of 10 Eun in EXAMPLES 15 and 50
Eun in EXAMPLES 16. The conditions for irradiating the electron beamin
EXAMPLES 13 to 16 are sunmarized below. 35 34 so ~uiy 2004 Printed

t hi ckness( Eun) Accel eration voltage (kV)Irradi ated dose (kGY)Irradiated tine’
(sec) Ex. 15107&33tg800e 02nd Beallz9 OUB0 208 s 2efoduct 380200 40@. taEkuctor
165030020- 800cébuli tAs B4 tiad eabecauste vitC eef@irdy anteng dHvatekeeinon beam
curing silvertfasta en@edddRctel-&ikRikepsadddiBhs ubsd ke rédau@ednd curing
t he paste by |rr£d| atl ng the el ectron beam conducted i n EXAMPLES 13 to 16
will be descrPBEYAATHI TS As shown in Fi g. 4, in a device line for

formi ng a Tonduct Brifdistc@spechrPiufRengeesents dpveRtiAimgranddesmdndi ng t he
web- | i ke resiactiveresebsy rtelae Guvirg diypposediuct ivevpastel haneidadert he

web- | i ke resifefddrigusubmiatae 2comiurtiie padwmy, sséxewlxﬁwgnher 4. In the
rotary Screenccmdd&ttg/e suﬁﬁ%n@@t SIR JR0R8HES O n%kéyt? zan an 10, 20 and the four

| t the, webl j k
R R g e Ry U

the el ect¥dn ‘Hé%[’mal FPERR Hihieg efvihe Pesth ¢¥rdudénre -thegondicthee el ectron
beam i rr adi at suigpt@deeeces Gureldewitecn elebtam beamnigasing/en paste 5 of the
conduct or cirgéddietftidd) WidahBeofl Is@NRPNEndTRINK S rAfa et @dsOMos Ne web- 1 i ke

resin f11m sub) 1 8be Zn B bl aialad o8l 1 2Q00pe] SGly AR REAIE Lko cure

the el ectron I ng Si v a e substrate on whi ch the
el ectron bean?’c’ﬁl né{‘%l FEes gé?’g @"’\ﬁﬁsnﬁr?%‘{pé’&eﬁﬁﬂ Jcrhrté’& R&% ‘Ted into a
web wi ndet> 8. eXafPtsEipEt ¥hg @02‘1\1\&%1‘09()1?#85?:%@ BFe gebtadingder iB 10 thenpl et e

t he series ofastispsen&ugy ngamhpokineps zabhe Gimpaebdlnmatdeivds thescreen 101

of the rotarycsfdeantpét N(Rired, £ ANk Radihythe AhkeFnd0Lt@Esthei@liact ron
beam i rradi at{yg a%@éécgeéh%r %?&@%te dcémi?hm OHE'é’leg;\Er%n Ko face

controlling device aorabl e stretchin ressi on woul d
not occur on f}hec\% UPtRye PESFR TF ITheS3B st r"&f’@“%“”} i$38r 48F™ tD pass t he
web- | i ke #@si #lFGUih Babkertaheving i GighiaBie otaupei Feeiadivitepand buf fer
device 35  3&xchllgnfO@dhexdlehoss absenbbnto saggbagravs hdivapgsmebrbet ween
respective devi&x@alotes NeranRB . UNimhdifl@ko3or ke QLRI Ve SHrc@8y Bédmiter 4, the

el ectron beanﬂ)élf@%@&ggﬁw c%@%bﬁﬁ%@sar%nqsgge o\éeg %Qgt[egnc% ok:ﬁ'elE&AﬂlggLEs 13 to

16, the scree scre ron curirng.sitlver
paste 5 was t ﬁ‘%ﬂée S N PR a‘??lgff‘faﬂ?ﬁ%let ffB@p?)‘BR/ fer P58B1 eF€onmpound

and si | ve?> poeiuriabh e e shoetddevdi dhetarovef def Nl dntPOPARATI VE
EXAMPLE 10) 1€tresseat curing type epoxy resin silver paste was printed

using a screen pr hm@r trd Y& Ildvl'i@eEOAY&?x‘ii@EtﬁJ/é (ﬁésftbl Bysubislihgt £ having
a width of 30 I{HHC ve. %ﬂhb%t%gg agylx}e §ée%€wab a%\nna of an

non- cont act shown in Fig. 5 At
the same 15 t?‘?ﬂe"’“e&léggleal‘i°&ﬁﬁ’éﬂ‘? rfé‘rk"s"‘lﬂ% E\‘/\é’r“éeﬂr’f‘?f’t*é?d: :oRPEHENFDur
corners. Jhe Wrémteegomptsitiioa ©f| thes paste agxclwddnbethedoatud¢PDE f or 30
mnutes in a $fiistanteCis curaldi 0NtIORN eladthrdmbeamondviingant he oven after

cool i ng. The a@&ﬂe&aeio&lm@g@%f Al WOSal®ah Hﬂgéfﬁﬂad fa%qu@{]pfo 20 at end
faces. The antenn&\l conductor Circuit 10 beln 4 turns_ as own in Fig. 1

had the |ine %%t B35f 209 STt AR het Br 834RE (0 & & And @ 2%t nB¥NBSHE r ovest .
An | C chip ha?f rigeaPanger diel campesit ipnithas \@ivesbanpEesatrhte® di aneter of
100 Eun, Whermatimy bhapslassr eérdhspioised pdbnatwiahin8tienghovehdefireddi agonal
direction, wasafggh€d Ordd@i6h!&lidiecPEECintiaa) ERIWInRMcE e RRRIENT Was
0.2 mm However, the resin filmsubstrate contracted by a w dth of about 1
mm Pitches Pa, Pb (see Fig. 5) between the patterns of the antenna
conductor circuit 10 contracted by 30 0.1 mmto -0.3 mm A pitch M
between the alignment nmarks 40 contractesl by a maxi numof -1.2 nm 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 alignnment marks 40 printed
together with the conductor 35 circuit concurrently on the four corners.
Eventual |y, no bondi ng was made precisely at the predeterm ned position. 36
30 July 2004 Reference holes (not shown) were fornmed on both sides of the
same web-like resin filmsubstrate using the sane device to avoid
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10%& ()-- 109& ()-- 10%& ()-- 109& ()-- 10%& ()-- 109& ()-- 10%& ()--
10%& ()--nT:/ 10 10%& ()-- 10%& ()-- 10%& ()-- 10%& ()-- 109%& ()--
109 ()-- 109%& ()--nB9n  109%& ()-- 109%& ()-- 10%& () - - wDP\
109&' ()--}cl/ 10%& ()-- 10%& ()-- 109%& ()-- 109& ()-- 109&' ()--
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109K ()--wDP\ sY?Fig.l 2 18%& Hlane vie®&SOf )an- ant&Bffd (Conducl@P@i(ruit
(6 turn) in one embodiment of the conductor circuit
substrate according to the present invention.
5 Fig. 3 is a plane view of one embodiment of a non-
contact ID according to the present invention.
Fig. 4 is a schematic diagram showing one embodiment of
a conductor circuit forming device line.
Fig. 5 is a plane view showing one embodiment of screen
10 printing on a resin film substrate.
Fig. 6 is a schematic plane view showing one embodiment
of a rotary screen printer.
Fig. 7 is a schematic front view showing one embodiment
of a rotary screen printer.
15
Best Mode for Carrying Out the Invention
A composition consisting of the conductive paste of the
present invention excluding the conductive substance is such
that the cured matter obtained when the composition is 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 um aluminum
30 deposited polyethylene terephthalate (hereinafter referred
to as "PET"), the composition for the measurement of the
internal stress is coated uniformly at a thickness of about
10 pm using a spin coater to form a film. Then, the coated
matter is irradiated 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
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radius of curvature of the arc is measured.

An elastic modulus of the cured film on the aluminum
deposited PET film is calculated using an elastic modulus of
the PET film alone, and an elastic modulus of a combined
film of the cured film and the PET film.

The internal stress (P0) of the cured film on the
aluminum deposited PET film is calculated by the deflection
radius of curvature (r: unit, mm), the elastic modulus of
the substrate (F: unit, Pa), the elastic modulus of the
cured film (E: unit, Pa), the thickness of the PET film (dl:
unit, mm), and the thickness of the cured film (d2: unit,
mm) using the following equation:

PO = 2{Fx(dl)? + Ex(d2)%}/3r(d2)?

In a preferred embodiment, the cured matter, obtained
when the composition of the present invention 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. 1If the
glass transition point of the cured matter exceeds 200°C,
initial conductivity and adhesiveness with the substrate are
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
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
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
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1Qﬂ@§uﬁh3‘(Eﬂiyﬁﬂh(S‘loss elastic modulus (E") as a function

of a temperature with a dynamic viscoelasticity measuring

device at a constant frequency of 10 Hz, a temperature of -

50°C to 200°C, and a temperature rising rate of 10°C per

minute. A loss tangent (tan §) that is a ratio of E' to E"

is plotted to the temperature. The temperature where an

inflection point is attained is the glass transition point

of the cured matter.

The active energy beam polymerizable compound is a
compound polymerized by irradiating the active energy beam,
and is preferably a compound having an ethylenic unsaturated
group. Examples of the compound having an ethylenic
unsaturated group include (meth)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
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
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,
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,
benzyl(meth)acrylate, 2-hydroxyethyl(meth)acrylate, 2-
hydroxypropyl(meth)acrylate, 2-hydroxybutyl(meth)acrylate,

10
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5 acryloyloxypropyl(meth)acrylate, and the like.

Examples of a multifunctional (meth)acrylate compound
include 1,6-hexanediol di{(meth)acrylate, triethylene glycol
di(meth)acrylate, tripropylene glycol di(meth)acrylate,
neopentyl glycol di(meth)acrylate, ethylene oxide modified

10 bisphenol A di(meth)acrylate, propylene oxide modified
bisphenol A di(meth)acrylate, trimethylolpropane
tri(meth)acrylate, ethylene oxide modified
trimethylolpropane tri(meth)acrylate, propylene oxide
modified trimethylolpropane tri(meth)acrylate,

15 pentaerythritol tetra(meth)acrylate, ditrimethylolpropane
tetra(meth)acrylate, dipentaerythritol hexa(meth)acrylate,
pentaerythritol 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. i

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

11
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5 dihydroxymethylcyclohexane divinyl ether, bisphenol A
diethoxy divinyl ether, bisphenol S diethoxy divinyl ether,
and the like.

'Examples further include three or more functional
polyvinyl ether compound such as glycerol trivinyl ether,

10 sorbitol tetravinyl ether, trimethylolpropane trivinyl ether,
pentaerythritol trivinyl ether, pentaerythritol tetravinyl
ether, dipentaerythritol hexavinyl ether, dipentaerythritol
polyvinyl ether, ditrimethylolpropane tetravinyl ether,
ditrimethylolpropane polyvinyl ether, and the like.

15

Examples 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 pum to 100 um can be used. In view of the conductivity
and the flowability of the conductive paste, it is

12
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diffraction method.
5 The amount of the conductive substance is preferably
55% by weight or more in view of conductivity, and 95% by
weight or less in view of strength and conductivity of the
coated film formed, and more preferably 60 to 90% by weight,
based on the conductive paste.
10 ‘
The conductive paste can contain a binder polymer to
adjust paste viscosity, a film forming property, and
properties of the cured coated film. As the binder polymer,
a polymer having a polymerization degree of 10 to 10000, or
15 having a number average molecular weight of 10° to 10° is
preferable. The binder polymer may include a radical
polymerizable 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

13
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109%& ()__w[x“benéyaAﬁléghol, and the like. Examples of the cellosolves
include methyl cellosolve, ethyl cellosolve, butyl
5 cellosolve, hexyl cellosolve, and the like. Examples of the
ether alcohols include propylene glycol methyl ether,
propylene glycol ethyl ether, propylene glycol butyl ether,
and the like. Examples of the esters include ethyl acetate,
butyl acetate, normal cellosolve acetate, butyl carbitol

10 acetate, and the like.

The method for producing the conductor circuit
substrate according to the present invention comprises the
steps of (a) forming a circuit pattern on a substrate using

15 the conductive paste of the present invention, and (b)
irradiating an active energy beam to the circuit pattern.
Using this method, the conductor circuit substrate on which
the circuit pattern made of the conductor 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.

Figs. 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 film, a polyphenylene sulfite film, a
polycarbonate film, a polysulfone film, a polyether sulfone
film, a polypropylene film, a vinyl chloride film, 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

14
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preferable.
In the step (b), an active energy beam is used as the
5 trigger for curing the conductive paste, and examples
thereof include an ultraviolet ray, an electron beam, a y
ray, an infrared ray, and a visible light. The electron
beam is preferable from the viewpoint of the curing property
reaching to the interior of the conductor circuit, and due
10 to having less impact on the substrate on which the
conductor circuit is formed.
It is preferable that the active energy beam be
irradiated under the conditions so that the cured matter,
obtained when the composition of the paste excluding the
15 conductive substance is cured, has the internal stress of 5
to 50 MPa. Also, it is preferable that the active energy
beam be irradiated under the conditions so that the cured
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 device 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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5 absorbance as a colored film irradiated with the electron

beam is to be the absorbed dose of the electron beam.

After curing with the active energy beam irradiation,
it is preferable that the conductive paste is heated at

10 120°C or more 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 120°C
or more may deform substrates with poor thermal resistance,
and therefore is difficult to apply. In the method 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 80°C to 100°C.
A combination of applying both heat and pressure can promote
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 is 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 is 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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the conductor circuit substrate manufactured by the above-
mentioned method, or by the method for producing the non-
contact ID according to the present invention as will be
described later. A plurality of IC chips may be mounted on
the substrate. Preferably, the circuit pattern can be
formed using the conductive paste of the present invention.
Fig. 3 is a plane view showing part of the non-contact ID i
a preferred embodiment. The IC chip 30 is mounted on the
conductor circuit 20.

The substrate holds the conductor circuit and the IC
chip, and is made of paper and a film similar to the
substrate of the conductor circuit. The IC chip is for
memorizing, storing, and computing data.

n

A dried film thickness of the circuit pattern formed is

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

circuit, which may be uncured. A

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
individual or for transmission/reception of data between a
reader or a reader writer. The non-contact ID is applicabl
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
medical management system, etc.; position management of a
road utilization and congestion management system, a freigh
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109 ()-- 109 (Referrdid4&tb) th€FA/gures, there will be described a
method for producing the conductor circuit substrate
5 according to the present invention, 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 polymerizable compound
with a rotary type printer, and (II) irradiating an active
10 energy beam to the circuit pattern; and a device for
producing a conductor circuit substrate, comprising: a f£ilm
unwinder for feeding a resin film substrate, a rotary type
printer for printing a conductive paste containing a
conductive substance and an active energy beam polymerizable
15 compound on the resin film substrate provided, an irradiator
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 is 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. 1In 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

18




1 10%& ()-- 109 ()--  109%& ()-- 10%& ()-- 10%& ()--
109 ()--nT:eF?/ 109&' ()-- 10%& ()-- 10%& ()--wDP\ jK / 10%& ()--
109%& ()-- 109%& ()-- 109& ()-- 109& ()-- 109 ()-- 109%& ()--x"?/ 10%
109 ()-- 109&' ()-- 10%& ()-- 10%& ()-- 109%& ()-- 109&' ()--
1098 ()--+x~A?/wDP\  109%&' ()-- 109%&' ()-- 109&' ()--iJ+  10%& ()--
109& ()-- 109& ()-- 109%&' ()-- 109%& ()-- 109%& ()-- 100/&'(5 --eF
10% ( 109%&' ()-- 10% ()-- 109& ()-- 10%& ()-- 109& ()3QJuly 2004
109%& ()--eF+  10%& ( 10%& ()-- 10%&' ()-- 10%& ()-- 0%&' ()--
109 ()-- 109&' ()--nT5eF+ 109%& ()--1 109 ()-- 109&' ()--wDP\ sT5/
109 ()--1 109%& ()-- 10%& ()--D 109%& ()-- 109%& ()-- 109%& ()--
109 ()--eF5/ 10% 109& ()--% 10%& ()--% 109%& ()--% 109%& ()--
109&' ()-- 109&' ()--!#eF5/ 10% 10%& ()--% 109%& ()--% 109%& ()--%
109&' ()-- 10Y@e (3erive 1@nexqy) beagossim@Darsict MEYRNETIY bepdOR' () - -
109" () - - WwDP\ itrdd8tiegSdevite% MRictlive eddd bpam isl@¥Bféyably 109K ()- -
10%&f()“ the electron beam. The electron beam irradiating device 6
is structured such that it heats a filament 606 under vacuum
5 atmosphere to produce thermoelectrons, and the
thermoelectrons are accelerated using a potential difference
to permeate through an irradiating window 602 made of Ti
metal, whereby electron beams 7 are irradiated to a chamber
604. In an irradiating part, a nitrogen gas seal 605 is
10 attached to inhibit ozone production, and an X-ray shielding
partition 603 is disposed to prevent that the X-ray leaks
outside of an X-ray chamber. In the conventional method,
the paste is cured by heating for a long time with a long
hot air circulation oven. 1In contrast, the present
15 invention has a feature in that an electron beam curing
silver paste 5 is cured by the electron beam irradiation.
The conventional heat curing produces unevenness, warping
and wrinkling on the resin film substrate, and the
electrodes are significantly displaced. It requires
20 therefore extra time to align the electrodes individually
upon bonding, and the antenna conductor circuit 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
défectively 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 énd 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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109%& () - - WDP\yspdet, MO%K Greferable that a buffer device 301 is
disposed in a practical line to absorb minor speed
5 differences in the web transportation in the respective
devices and to keep web transportation tension in the
respective devices small and reasonable. Thus, any sagging
of the substrate between the respective devices can be
absorbed.
10 It is also preferable that controllers 9, 11 control
the web unwinder, the screen 101 of the rotary screen
printer 4, and the driven roller 601 of the electron beam
irradiating device 6 so that the rotary screen printer 4 and
the area beam electron beam irradiating device 5 are
15 operated synchronously. The dose of the electron beam
irradiation can be kept uniform even when the web
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.

Fig. 5 is a plane view showing one embodiment of screen
printing on the resin film substrate. Antenna conductor
circuits 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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In particular, this method is extremely effective for
polyester alloy film, polyester film, polyvinyl chloride
10 film, polyphenylene sulfide film, polycarbonate film and the
like, as all have low softening points and glass transition
points,.
In a preferred embodiment, the above described resin
film substrate having the thermal deformation temperature of
15 150°C 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 film substrate may be deteriorated by the electron
beam.
20 In another preferred embodiment, the conductive paste
is 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 is 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
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910%&f()--5 pattern can be printed on the pattern of the film substrate
formed in advance with a precise relative position.
In another embodiment, 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 adjustment of the printing position in
the X axis direction. In still another embodiment, in the Y
axis direction, the printing position can be adjusted by
increasing or decreasing the rotating number of the screen
so that actual film feed accords with a moving distance
15 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 air 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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AEFGHI JKLt X<199@tiptekhas a width of about 300 mm, two printed alignment
marks are image-processed to align. When the resin film .
substrate has a width of 500 mm or more, all alignment marks
in the four corners are preferably image-processed to align.
10 When the resin film substrate has a width of 300 mm or less,
it is convenient that reference holes are disposed at both
sides of the resin film substrate, and a positioning guide
pin is used to align, upon 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 circuit
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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compared with the conventional thermal drying or curing
using the heat curing type paste. Also, extremely
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 illustrated 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 stainless 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.
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5 om 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
resorcyl glycidyl 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:

10

special, manufactured by Tokyo Kasei
Co., Ltd.) were premixed by a precession mill,
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
circuit.
[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
conditions as those in EXAMPLE 1. The pressure and heat
were applied with a heating and pressure roll under the

15 and kneaded

20

25

conditions that a temperature was 100°C and a pressure was
10 kgf/cm to provide a conductor circuit.
[EXAMPLE 6]

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

30

35

Respective components shown in Tables 2 and 3 were

premixed by a precession mill, and kneaded with three rolls

25
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9109&' () - -\ K ¥uptaoke (90 -Woichgfoug qoppek elartanges)wene digpos@d @t -K c
9109%&' ()--K 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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5 XAMPLES 1 to 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 um 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-MeQOEt: 2-methoxyethyl acrylate
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5 4-EGA: tetraethylene glycol diacrylate

HDDA: 1,6-hexanediol diacrylate

NPGDA: neopentyl glycol diacrylate

TMPTA: trimethylolpropane triacrylate
[Binder polymer]

10 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

15 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

20 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

25 Co., Ltd.)

[Conductive substance]

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

AA-0014: scaled silver powder (manufactured by Kemet

30 electronic Corp, having an average particle size of 2.5 um)
[{Photoinitiator]

Irg907: 2-methyl-1[4-(methylthio)phenyl]-2-
morpholinopropane-1l-one (manufactured by Chiba specialty
chemicals K.K.)

35
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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

10 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 40Q. The
electron beam was irradiated for 0.12 seconds, since a

15 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

20 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.

25 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

30 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.

35 The resin film substrate was mounted on a bonding

device to image process two of the printed alignment marks
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s a non-contact ID card. A required time to 1mage 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
10 gold stud bump was used as the bump of the IC chip, and for

connection an ACF (anisotropic conductive film) was used,
and both were heated for 5 seconds to be cured.

[EXAMPLE 14]

15 A web-like polyester alloy film substrate material
having a width of 300 mm 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 20

20 having an average 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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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 pm
in EXAMPLES 15 and 50 um in EXAMPLES 16.
The conditions for irradiating the electron beam in
EXAMPLES 13 to 16 are summarized below:
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paste 5, which was fed into the electron beam irradiating
device 6 in the next step. 1In 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 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 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. 1In order to pass the web-like resin film
substrate 2 through smoothly in each step, a buffer device
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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 pum, 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 =0.2 mm.
However, the resin film 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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+3 ML 9% 13 I\/Il %,
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) F1S $ U066 £+deftinedsit ) IqpraeR 0Bp TRt prpiication
+@oamk¥%;4@p(; q;mng@@ggegge@pe{44; 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

un 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
F

wvvvvvvvvvvvvvvvvv

= T N T Y * '

F’HAF“HF‘HF’HF"HF“HF‘H

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
modifications and variations are intended to be included
within the scope of the appended claims.

37



MLO% '

MLO% '

MLO% '

G X<10
MLO% '

MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '
MLO% '

2‘22?9?2?292?52?52‘229Q?9???299?9?9?29299?29292?9?29299?9?9929299?29205

L Y Y Y W W e N Lo T L W N N N i Y N e N L Y W e e W e P W s N O L L T Y e N SN

N N N N N N N N N N N N N N N N N N N N N N N N N N N e N e e N Qovvv
1 1 1

-{+LEX<1006" & ()-{+3 MLO%' & ()-{+3 MO%' & ()-{+3 MO%" & ()-{+3
~{+3 MLO% " & ()-{+3 MLO% ' & ()-{+3 MLO% "' & ()-{+tX< t3
-{
"

+3 MLO% ' & ()-{+3 MLO% " & ()-{+3 MLO% " & ()-{+kv

)-{+3 MLO%" & ()-{+3 MIO%" & ()-{+3 MLO%" & ()-{+3
-{+3 MLO% ' & ()-{+3 MLO% " & ()-{+3 MO% ' & ()-{+ttX<10%" & ()-{+3
-{+3 MIO% ' & ()-{+3 MLO% "' & ()-{+3 MLO% ' & ()-{+3 M.0% ' g'a)-{+3
-{+3 MLO% ' & ()-{+x\ @13 MO% & ()-{+3 MO%' &(3‘% 200
-{+3 MIO% ' & ()-{+kv GcC3 MLO% ' & ()-{+3 MLO%' & ()- {+3
-{+3 MIO%' & ()-{+3 MLO% "' & ()-{+3 MLO% ' & ()-{+3
-{+t X3 |v|10% & ()-{+3 |v|10%3 MLO% " & () -{+98 MLO% ' & ()-{+MB
-{+3 MLO% ' & ()-{+3 MLO% "' & ()-{+3 MLO% ' & ()-{+x\ @X3
-{+3 MLO%' & ()-{+3 MLO% ' & ()CE¥ARISVI0% ' & ()-{+kv G L0O3 ML03

“{+3 MLO% ' & ()-{+3 MIO% "' & ()-{+3 MLO% ' & ()-{+3 MLO%"' & ()-{+3
[ AMRYe eﬁ'erg% bedth 'chﬁﬁg MﬂpQ?co Hve ﬁﬁ&é “cofitk %coéﬂdchvé §ib.

-{+3 MLO% T & -{+3 MLO

- { +staacy a:dl\anomw&e:(c)rg){ b@m/poi%rxe&za(b)e ¢orgpound, /B/h@el@)a qurgl matter

- 10% 0% '.& +3 0%, & () {.+3 .

) E N ggtaw%%eg ?for{&%sx&/;ﬁl ot the {a%ste% giclugimg /ghe&c{ndp{t;rvg substance is

-{ +eart8 1AM arﬁelé&rd&ﬂ% l!?avﬁﬁ in*&:chﬂﬁﬁn Vefdge o (50-KV+4nd an irra-
-{+3 I\/llO% +3 MLO% (+3 MLO% ' & ()-{+xX8cpT810% ' & (3
{+di 88&9 mwarte@ }U{S$Rf/5 tadWMFe% ' & (3 3

{+3 |v|10% & ()-{+3 MLO% ' & ()-{+3 MLO% ' & ()-{+3 MLO%' & ()-{+3
“{+ cCB10%'& (3 3 MIO%' & ()-{+3 MLO% "' & ()-{+3 MO% "' & ()-{+3
-2 +The/actdee' efierg)y- b[eam d\xmgaylﬁ c(o):dt{ceme P8O decofdiff to cladt 1, wherein

%' & ()-

{ ey st obibinel i e cprpbuliny oo gurgd i 83 chod beRm) (13

- { +§#v16% an Qbmmg%of 47§ kv{ ﬁ{ﬁ LiofiiaBioh kote'of 40 RBY His@) - { +3
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a cured matter obtained when a composition of the paste excluding the conductive
substance is cured with an electron beam having an acceleration voltage of 150 kV
and an irradiation dose of 40 kGy, has an internal stress of 5 to 50 MPa; and

(b) irradiating an active energy beam to the circuit pattern.

4. The method of claim 3, further comprising the step of
(c) heating and applying a pressure to the circuit pattern irradiated with the active en-

ergy beam.

5. The method of claim 3 or claim 4, wherein the substrate is a resin film substrate
and/or the step of printing is conducted with a rotary type printer.
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11, The method of any of claims 3 to 10, wherein in step (b) the active energy beam is
irradiated so that a cured matter obtained when a composition of the paste excluding
the conductive substance is cured with an electron beam has a glass transition point
of 0 °Cto 200 °C,

12. The method according to claim 3, wherein
the substrate is a resin film substrate,
the step of printing is conducted with a rotary printer,
and, wherein
the method further comprises the step of
(c) mounting an IC chip on the resin film substrate, in order to obtain a non-contact ID.
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