1 5escription BCCSTER ANTENNA AND METHOD FOR PRODUCI NG SAME 5Techni ca
Field The present invention relates generally to a booster antenna
and a nethod for producing the same. Mreg specifically, the present\\\\g\\

10

invention relates to a booster antenna for an RFElI tag and “&&&
produci ng the sane. Background Art RFID tags utili é@\\\
based.,,

(Radi o Frequency ldentification (ldentification Techni que- ol io
Conmmuni cation) ) , and are thin, |iDgdgcandsmil electronic ices, each
of which has a sem conductor chip for storing data, su as an

identification number, and an antenna for transmtting and receiving 'radio
waves. 20Such R Hshags z@tﬁ‘?g@%@ﬁ?mﬂ) t 9 ele ¥hdlor UbRlFed Thits Vasigus

service environments in various fields, such as physical distribution

managenent, and are desired to be mass-produced to reduce the production
costs thereof to be spread. Antennas for 25 RFID tags are required to have
a low el eBtrical resistancei nor deftCiherédsef héddta transnittable /

recei vabl e range (c i.caft | I er eof _t u I i ng
transnit/receiverrﬁgggEff%%%%Qtégggg%ghhégdgféggggga§%3ﬂ§£?ﬁgﬁgggés%ch as
physi cal di sty byticon aranageneatnd @ ge t hoanagenpito df ¢t hackihg safmshi ppi ng
2 information, and nmanagenent of closing by |aundry, such as |aundry tags)
, so that the{oaeesbricdnt ¢ 6pdat Bdl yhBeRE S5 BEr ¥N¥EEhyProhfemt e ThePef ore,

even if RFID tags are repeated| ent,_ it_i qui r ed t vent em
from bei ng ur?s:}??/loc?gaeo?e 4 eFﬂff%) ?8@% By ?Eglcrje Fi ora i'ao(r%\“%{;%wp 2
characteibsti§§oghcgn§§nﬁqga SWele as breaking and increasing of electrical-

resistance due to metal fatigue of antennas, so that tkiy ar TI"IMmmm”,r,memj””,ﬁ,il) .

have good flexibility.
Background Art  _ . *G00002*
RFID tags utilize the RFID (Radio Frequeng;“_‘

Identification (Identification Technique based on
15 Radio Communication)), andare thin, 1light and small
,elebtronicdevices,eachofwhichhasasemiponduCtor
chip for storing data, such as an identification
number, and anantenna fortransmittingandreceiving

~rradio waves.

20 Such RFID tags are expected to be widely
utilized in various service environments in various
fields, such as physical distribution management,
and are desired to be mass-produced to reduce the
productioncoststhereoftx>bespread; Antennas for

25 RFID tags are required to have a low electrical

‘resistance in order to increase the data

tranémittable / receivable range (communication

range) thereof to reduce data loss during
transmit/receive. Moreover, RFID tags are used in -
30 wvarious fields, such as physical distribution

management (e.g., management of trackingof shipping

containers, traceability and positional



10 ' As nethods for forni ng antenna circuits (conductive circuits) for RFID
tags, there are a nethod for utilizing a copper coil or wire as an antenna,
a method for transferring a netal foil, such a copper or alumnumfoil, to
a substrate, a nmethod 15 for printing an etching resistant ink as an
antenna circuit pattern on a netal foil, which is lamnated on a substrate
such as a plastic film to mask it to etch the netal foil, and so forth.
However, si ncenfbese trebhgds rad enaot gseme nftoro 20c hass rpg ddvct aomddue, t o t he
limtation of their productivity, it is difficult to further reduce the

production cos¥Sh | &St nbaRdt ol fof ItransiEP ritiye & nkbb&Y Mt & & en
substrate and, | 0 LG @ Jet al Sah b namong i bee £ -
above-descri g%%afét{ﬁe}aﬁggggn%h{en%eﬁtggl %o?l IS proorgtcrelg by ro Iiengo%er t he
i ke, and the:pencentrye Dot ag sretral riep ¢ he el alb &oitl, s ashr ghupereént age
which is approximately 100 % For that reason, there is a problemin that
an RFID tag Ha@ife vANdnE & fEqmr el nernRd eoyv Acketal e1oF IR B3bP Hedd Bad
flexibility althqu it 0 | ectr§ racteri.stjcs ition,
Al though o matAl TR0E Tt Eag Be P R RResh iar Shone 1o rs 80 ThPEEt
general ly useghEar her mbrg ARiart ernad Cif fdirte { 91 nan BA DdBgctiri dhe netal
foil is too thick, the characteristics of the nmetal foil approach those of
a metal plater¢sisdeteerodut hg Nhe adhest o9 uh@rfedn e nd & subdthd &, so

that there is_sonme possibility that the netal foil .may.be .stripped fromthe
substrate mhe‘?f“?%ealzﬁ:TDr_teébu}\éeﬁgﬁY? trétﬁ"(’a%v@ro,oc_gi Eclee%/hgl&e]r%%ht age of the
metal inpphe metal Agil peschbal, wWhep REIDR4add s Hepbnrsd ress reqncestrates
on the 10 bent surface thereof, so that cracks ‘are easy to be generated on

t he bent surféacentherebdire Asiacresust, file &ECDrit@ad s chdheer er iaste c8
thereof are deteriorated, and.the breaki ng thereof is caused, so that it

does not fundi$bhRoss GATant'ehhd F R IaR 1S°RBIT t §§.1 IonPfhe bt fie Shahd, if

the percentage, of nd JBlah oitsh 80 §2566a Ry 1USE PG rfy GORAYGH ¥@ f1 ] mpEnt he
nmetal component and a resin conponent in place of” the netal foil in order

"to inprove the doppieh lod ya bimtieuiRF ®itlgg,t ¢ ta isupessidbte ,t @ gererad! vy
inprove 20 the flexibility by stress relaxation, but the anmpunt of the
metal cohPonen® i Rrdédreadednf 61 et BPi §°4t1 Hijate St kci figg antenna

characteristi r i net. -have fflcient_ -
characteri sti&cirggqfﬁgjfsaetgfggarhnaotar}\t%rﬁrﬂ%? %r %é)nl %FI VI%)ﬁ;iacfgH Clzggsalglr?gt eo%l for

produci ng an @t ensayd ot ran KA Dcthat svhar @ s atdendiiciimye tco rmaistk i 5t f or ned
on a substrate so as to_have good adhesion thereto without the use of any
netal foils, thef&als ph6pdseBdad nePhdd fdPdapi? yERF @ wat er based -
conductive ink 30 containing 4Q 9% or i of .si|lye ti cles .on
the surface of a filﬁ)%glseﬁ’bésﬂa gnbé%/gt%ﬂégglsee%egﬁg%% ap%’?n%#\régg#%a{jrfy&%he i nk

to formagcongdusti vierbidue t 4ohaving atihi ekress iefi Pat iton 0.08M emdhe
surface of the filmsubstrate to produce an antenna for an IC tag which is
one kind of RRIOdusy (vésy e.ig: 1iJapahésec Phtehp fHird-lcpenrpguce the

2010-268073). 5 .In . the nethod disclosed in Japane Pat ent_ Lai d- Qpen No.
2010- 268073, A%° ¥ SFos8'bI%€ ¥ b5 1mas -“pr%@ﬁcé“%%?%r%nzfgo o%ﬂa&?%g,“v%?ch

have a low elgcteigal feshstance, she 4 eduee thgdpriaduehieOm €ORbY ther eof .
However, the conductive ink _
etching a metal foil among the above-described
25 methods, the metal foil is produbed by rolling or
the like, and the percentage of a metal in the metal
foilisahighpercentagewhichis approximately 100 %.
For that reason, there is a problem in that an RFID
tag having an antenna circuit formed by a metal foil
30 has bad flexibility although it has good electrical

characteristics. In addition, although a metal

foil having a thickness of about 10 to 50 um is



10 containing the small anmount of silver particles is used for form ng the
thin conductive filmhaving the thickness of 0.1 to 0.5 gm and the
percentage of silver in the conductive figmis a high percentage which is
approximately 100 % so that there is a 15 problemin that the flexibility
of the tag is bad simlar to that in the nethod for transferring a netal
foil to a substrate and in the nethod for etching a metal foil. In_ an RFID
tag chip int efeaead W vhuse anf eand, o R0 ittherani ¢ 6 RO & FAYiHat fPRe
conmuni cation ra her eof i ort o.th it i.s i.r i nc se the
communi cat i ona?a%gg”%hgla@df . 1?:0?: hal'<r e%%o%f()ili‘ is ggélor g%‘%gki’ncéggse t he
comuni cati oncy arge-t berecf i By sBUPhiengicx HDOSHEN ayEnpa con talo KEl Bt ag 25
chip integrated with an antenna, the booster antenna being forned so as to
be el ect romagnetd tallyleswlfed te tdrel amanha ot hiche dRR PLoagtigipeot

However, %,hen t he boqgster antenna i un;ﬁd on.the RFILD tag ctg)i. LLt is
required Po nolnf € %Bﬁa@oethéob&iﬁ r taHt ehind,S whi TR R4S 2% é1pjllejﬁ§’
el ectrical —QH§5%CEEEH§éE%%_f@gﬁfﬁ%%jQE'§£¥i%ﬂgeﬁhffbnp@ﬁebﬁuﬁ%tunate

| xpensi vel ymass-pro du ced, simlar to the antenna 5 integrated with the
RFID tag chi pth®hsctbsurkrdb tthegl nvenbieont Lt iMo tkeref F e sahn okgj etheof t he
present 5 invention to elimnate the aforenenti oned conventional probl ens

and to provi REACKIYSEER &t enhd, Mffiith has texedlPeft iettricaltohs
character!stifredndd1gxEiid L1y Bad othi C £A0S D JNCYRRNSIVELY on the

mass- produced, "and a et hod for priodici ng the sane. I'n order to
acconpl i 50 t hee atoseENs ceneth Ob¢ €L, stdech aventrersk base ediela ggnt bybst udi ed
and found that it is possible to produce a booster antenna, which has

excel | ent el ex¢PedateBapactRriBeNdssatdfasef FOEDR Pty &fdawhifrd thn be

i nexpensi vel y_mass-pr,oduced, if the IS produ oost tenna which has
a silver condudti vegflﬁcfﬁfércr?eld oncfz;agéfuabcs?Fg':tles,CE %% Si It\%?g%c?ﬁ%uct%% film

cont ai ni ng 10:60e%ihyryelae ohdatyiditered bodyy afhsrkwer 29 pantdedes and
having a volune resistivity of 3-100 g Q cm Thus, the inventors have made
the present .iswehhiagn.1it does Agedr dihgCttal @ he apr esend NitrRendi 69T a2 Boost er

he. subst Pat £ ERe ST ver O Bodire 1 BCF, I3 S8t dini NC16 50" 5P V01 The of

t_he subs t _ _ tlvefilm_cor‘utalnlng 0" % by ol une of a
sintered body, gfesiallvers paetirxd £5ean@ yhavs ng @ &v ol JIRBUES ki Fiilym 0b £3- 100

g Q cm This booster antenna preferably has a surface resistivity of 0.5 Q
/ 30El or |esshanded ahickngssneftladdm resin copppordmy £ PhHe2 present
invention, thepe g Provided.3 72r09%dor £1oduetng 2 0oL gleng 6
of the RFID tag, it is possible to generally improve
20 the flexibility by stress relaxation, but the amount
of themetal component isdecreased fordeteriorating
the electrical characteristics thereof, so that it
does not have sufficient characteristics as those
of an antenna for an RFID tag.
25 As a method for producing an antenna for an
RFID tag wherein a conductive circuit is formed on
a substrate so as to have good adhesion thereto
without the use of any metal foils, there is proposed
a method for applying a water based conductive ink
30 containing 40 % or less by weight of silver particles

onthe surfaceofafilmsubstratebythe flexographic

printing to dry the ink to form a conductive film
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the nethod conprising the steps of: preparing a silver particle dispersing
sol ution which contains 50-70% by wei ght of silver particles; applying the
silver particle dispersing solution on a gsubstrate; 5 and calcining the
silver particle dispersing solution on the substrate to formthe
above-described silver conductive film In this nethod for producing a
booster antenna, the applying of the silver particle dispersing solution on
t he substrat end0iingy pr eftet aldne €aroifed .outt byot e 4 mexogrEpai s uprfi anteng,

and the silver _particles preferably have an average particle dianmeter of 20
nmor less. ©f thﬁﬁr%h%ﬁpﬁ%aﬁﬁeéﬁ?i%ﬁf’i%dh?etﬁg Exprel8ifort @ hd"

average particte danphelcplssl led Rataches zAspmans am QYeragey by imary
particle dianeter ich is an average value of primary parti cle dianeters
of silver parlaphes dasedtena trahdACgse onNel ec20ad n2 6B8@Phdi ogr aph ( TEM

i mage). According to the present invention, it is 20 possible to produce a
boost er aftenna whi €A HalkCexi&thedt @eieqtkeesr char darePstSTsFadent

flexibility and, uhighoqanhe | nepans) yeloy ymss; producedo 268l vo

Description o awi ngs i's"a view for “explaining t
shape of an Agabkek grbauedt haecsubsd rabe [0 Exangp) esh apth Ganparative
Exanpl es; FIG 2A is a view show ng the shape of a booster 30

ant enna pr oduck8CHyr USRAg BeEdFdURREPe fitiom pesdueRd tithe ERINpHES tahen
Conpar ati ve %%%EI es;, FIG 2B is a ¥1i ew shaw ng]_:flhe st at gutchﬁagvan RFI 7
r

tag chip is &d oh"ERE Doost er "EATRRNS of FI'E 200 © 3is
a schemafpc viewcshowi Ag @ Heendh 89 1t esto sarplor Usedvier BaaRplies @8dis
Conparative 5 Exanpl es; "and FIG 4 is a view for explaining a
bendi ng t est waerdi €drofit rirni Eganpket hdmd coonparcdti we Ekamphey,imsiereén (b)
i s anenl argedvi ew schematically show ng a portion of the bending test

sanpl e surroun®éd Bye 310 &fci%chi &P dottett If"rné.ndBets]?el\/B&éCf%Pté&?y?ﬁg-OJt
the Inventioniver i M hBecRrelgErad, embedid henta of s g rbeast ek rani gana

according to the present invention, a silver 15 conducfiVée filmis forned
on a substratwhithe 55| werp corducttied yf ild0cént asni nhd0- 30 &k by vl ane of

a sintered body of silver particles and havj a volu resistivit f
3-100 g ¥ cRIPPlafe aRodhtd bf tiise %Jr‘ﬁf‘é*rl?ejdﬁ?g(’id’y Cb# EF‘Ie\/etra%alllsi ﬁ/%g in

the 'siTver 20 £onquct ibve, filan iS: h8SPe AL 10 0%, YORWTE ; hE 4 id:09y5mal |,

so that the electrical characteristics thereof are deteriorafed. Thus, when
the booster afvemnad saused toraar RALO tag,thé desshodt ffaunce tom iasga
booster antenna. On the other hand, if the 25 anmobunt of the sintered body
of silver partiBPé4 nfPhe silver conductive filmexceeds 50 % by vol une,

when the booster an%rgg_%gliﬁgs,ﬁggfghi@&r%rgagggggé';\@qvi\/\@ﬁnaltlh&gglnglciag IS

bent, stress concen €s on t bent thereof, so that cr S are

easy 30 20 beawenerated grbbe deninsuhfzace: hbeceafimuMNscation range
resul t,thedeteriorationofelectrical 8 easy to be caused, so that there is
i ncreased t hetpossiadi 14 % s RAALT /i tSAdeRafot & drictd Dh1 &S h Toolst 6F St nna.

from g o lTeAESSnlAY 188 PR CROGUELYS FLMer L N LR JAN0e O
it is desired to increase the communication range
thereof by mounting a booster antenna on an RFID tag

25 chip integratedwith an antenna, the booster antenna
being formed so as to be electromagnetically coupled
to the antenna of the RFID tag chip.

However, when the booster antenna is mQunted
on the RFID tag chip, it is required to mount thereon

30 the booster antenna, which has excellent electrical

characteristics and flexibility and which can be

inexpensivelymass-produced, similar to the antenna



5to 100 g Q cm when the booster antenna is used for an RFID tag, the
conmmuni cation range thereof can be increased to ensure the transmt/receive
of data of the RFID tag between the boostgr antenna and a reader/witer, so
that it is difficult for the 10 booster antenna tocause datal ossduring
transm t/receive. The surface resistivity of the silver conductive
filmis preferably 0.5 Q/El or less. If the surface resistivity of the
silver conducthtedishets witsh0.Bhe€y REIIBr tlagsschitien t he booster antenna
is used for an RFID tag, the conmunication range thereof can be increased
to ensure the transmt/receive of data of the RFID tag between the booster
antenna and a reader/witen,sSpokhate | b St def fickbh tfiasnt he 20 booster
antenna tocause data | oss during transmt/receive. The thi ckness of
the silver conducti & fikm tbepreferabl vr notthee c&nge fof threonprgsento 6 g
m As the_silver conductive filmis thinner, the 25 cqststhereofarelower.
However, PfitiB8VEdssiPRan T©Ym erelr{mtﬁ@tb%ostés‘edn.t eﬁ%gqesmﬁélgd“f%?dan
RFID tag, the i cal Si er it F ng i g4 sed
due to conduc(t:gb%s%w%gg?fare%t ,psgs(%}g%%é%éﬂlt h%%om%n%ﬁéﬁa%gegtdhﬁgg? is
decreased. 30ankredri®, pref ehrieth enbdd: sent efkee éemod f ore peoduci ngla
booster antenna according to the present invention, the above-descrjbed
silver conduckhedaateriftscrommd By AL&int hfYa & fveh haht ic@nr Pe

oo opnly T kT PRt Fohae Rl Ja Y A oF RLlifiapaEbel o
after applying tRE Sitver rticlre spersing 'solutron on a substrate. If
the 5 coppentp b diei 8yl Wete paiaini€l es in the silver particle dispersing
solution is less than 50% by weight, it is difficult to formthe
above-described sil var esdductitve Rideeep thehsubBer a@ é0 rpientid @reétri cal
conductivity of .the fi is deteriorated 10 to.i.ncrease, th l.ectrical

resi stance t HeP et s nJEg]et He' ARBIR T Bf F‘taﬁ’ee s(igﬁtlelrgeedngéa/ sofugillevéar‘l’188

particles in £hgnd t¥ar @Qnﬂy%y@im@ﬂ@ﬁt&uw@ b bddsthe eorienhagf the
silver particles exceeds 70 % by weight, the viscosity of the silver
particle di spehsicighEss sotaeildrent ¢ hereasedalschhanctergsdiféscand to

apply it ,ont suhstrate by the fl exographic printing,or .the like..In this
met hod f])g pr%ﬁﬁéilﬁbl Lllgé’ost ér%nt é’ﬁhlagkt he®&ppl yBﬁg o%ntelf%pgf’ls\}evreﬂ)é{rti cle
di spersing 2Q, sokutd 09qand e ;spbstd At 6 4 p I @hekaph b 3k LicadaQltte DY at he

f | exographi c printing. The flexographic printing may be repeated. The average

particle di anelheéchof hilse si |kl vpart cadreduics ipr ef erabiny POrmmdr cress, and
nore preferably in the range of from25 5 Li m |f the average

mto 15 ,uU
particle di arttBetdiatRe sitSer ipaf EFcl@RR AL G Vhe Eja%ﬁ‘e I FAGH BB8ut a

few nanomet ers, t @ gabouty, OVer, { g Nanemel ers; n L Be spegifd ¢ i f age prea
t hereof increases, so that the nelting point thereof dramatically

decrease30 Fara 3@ itdia¢ sreasbmaeven iaf wdkusie wers partiiwcl ey arfe 3cal ¢Dned at
a low tenperature of not higher than 300 C, it is possible to sinter the
silver pm%ic#e@ Wigdh- Thus, the inventors have made the present
invention.
According to the present invention, a booster
antenna comprises: a substrate; and a silver
25 conductive film formed on the substrate, the silver
conductive film containing 10-50 % by volume of a
sintered body of silver particles and having a volume
resistivity of 3-100 u# Q * cm. This booster antenna
preferably has a surface resistivity of 0.5 Q/
30 [0 or less and a thickness of 1-6 um.

According to the present invention, there is

provided a method for producing a bcoster antenna,



10 each other (that is, it is possible to obtain the degreeofsinteringata

| ow tenperature) . However, if the average particle dianeter of the silver
particles is greater than 20 nm it is digficult to 5 obtain the degree of
sintering at a |ow tenperature, which is expected as silver nanoparticles
(fine silver particles). Furthernore, the average particle dianeter
(average primary particle dianeter) of the silver 10 particles can be

cal cul ated asHel mavish oBorc exanpl ©1 nghet biel vet e t Pél:esPried added td a

m xed solution of 2 parts.b i.ght of an Ag i.nk containi silver.
particles, suscjhfggraﬁa tjrﬁﬁe\(,\%ﬁgs-f?%ﬁsp]r%augg&% lﬁ&hghlﬁsqgo%iogié&lq%c. )
whi ch cont ai sy 66 % by Weledhih 450 ef s AD part hghasi & sklsviela Pt il s Mavi ng
an average particle dianeter  of 10 nn), 3.0 % by wei ght- of pol yvi nyl

chl oride copdiybheed phex;i2l@ &cilspevebghtg ofo poltyuretdrare sttt skerdre and 2. 5
% by wei ght of pol ypropyl ene glycol, 96_parts by wei ght of 20 cyclohexane
and 2 par?s R 9ei Rt of Mol ¢ %/\IBFd, Sé’nbegrre cﬁ’éﬁé eby%??ﬁ%&rﬁrbg Then,
the fluid di spergkand Bus: pRIaLAeA I Se@l{ guRdl: ha 1t o OPL & QU ML QU1 | d
having a supporting filmto be dried. Then, an inage obtained by observing
the silver 25 ijpavreircl esowdutdtei wecrdgrid.in allori ghtisi elmk@aboan for

accel erating voltage of 100 kV by nmeans of a transm ssion el ectron

ni croscope (JEMADE IO Mar RIPSErdduRBE PN Japdnt &l R b iafied Hheratory
Ltd.) is taken at a magnification of ,000. om 30 _t ' hus
obt ai ned, thé la@‘é?gg%a%écr ?g?eéﬁ?g%ertsggg a\gl)grléggelgbi %ﬁgﬁ%}ﬁ#%:@gﬁiémt er)
of the sjpveri pardigkes panybecealcutat edutThey 1k gal calationrabrhe
average primary particle dianmeter of the silver particles can be carried
out by, e.g. priantimge andl §bies ssiof v aar ® AL L wdges kehefraagr bl er g ve
trademar k) produced by Asahi tKaseii En?i neering D¢ ropor{rgti orn)lés‘ls'hi S i mage
anal ysi s sof Athr 2V EE TSI §ied £ 5 iUt IYE aRd ahal §2e Hack Toft APt cl es
with the gradation of reQldH oulOk nexXaple.d M &8 tresPect ho etdier dEMiidmge
havi ng the magni fication of 300,000, a circular particle analysis is
carried 10 oUttloa svelagomdiafoas tdati aned orightnedyesf pparticless” i s set
to be " k", "the noise renovi nﬂ,filte.r". i .usgd, "the ci rcukar t hr eshol d
val ue" i%°set"d" Be? 2BV Ifhdc ¥ énkﬁllé}’l%ﬁﬁi%ﬁgc Egf &8T5 5Ll NS he S 507
Thus, the priympryypartd &l gadiaesers ofinde 2Q0: oL in0re g spdtbeles, are
measur ed, an(? t he nunber average di aneter thereof can be obtained as the
aver age pri mariyl part ipd et dicdnest eba sldfd t be BEM 1 amge imsian argecnurmer of
sintered particles and def or ned pTarti cles, |t may be inpossible nmeasurenent
(no 20 measufddiroPhotogragh g Tdd of ™2 $3bster antenna and a method for

produci ng the sane r.qjng.t h e iventi il be crii bed
below in detail. Expg&rrg}aggh?gﬂ OCZ%F??E%, Séfﬂ%rseemvxgs lpr%gf)laqnftaldogh %@i nlktp

(PFI - 70@ (pr ogucedi by PChem Assaci &t es | ho.o 9t €ontean teng H0whibyh waiaght  of
Ag particles (silver particles having an average particle dianeter of 10
nm , 3.0 % By GRigRNof poPYVERYF 1GR bri de CopbRyTHaLeCS 2. 0 1 30

wei ght of polyur.et Bane; L) ckenar apd iz ¥y, weiglit af, phany engglycol
Then, af | exograp%l cprintingmachi ne 7 (mul t7 pur pose fi'ne printing chi ne
JEM Fl ex proguced-py Mheadlenshi Seiki Co., Ltd.) and a

25 Brief Description of the Drawings
FIG. 1 is a view for explaining the shape of
an Ag ink printed on a substrate in Examples and
Comparative Examples;
FIG. 2A is a view showing the shape of a booster
30 antenna produced by using a conductive film produced
in Examples and Comparative Examples;

FIG.2B is a view showing the state that an RFID



fl exographic printing plate (produced by \Watanabe Gosando Co., Ltd.,
Material of Printing Plate: 5 Photosensitive Resin Plate AW produced by
Asahi Kasei Corporation, Gade DEF, Surface Processing 150 lines, 96 DOT%
were used for printing the above-described Ag ink on a substrate(PET
(pol yet hyl eneterephthal ate)film Melinex 10 (registered trademark) 545
produced by DuPont Teij in Films Limted) 10 at an anilox volunme of 8 cc/nR2
(400 lines/inchy ahdmtis pounttiey spedch®fb20 st @& na ndrecen AERENPFI G 1)
twice (Exanple 2), three times (Exanple 3) and fourtinmes ( Ex anpled )
asthenunberofzpzf*fnti ng 15 times, respectively, so as to formfive filns 12
havi ng a substanti a rectangul \Y; abo x 15
cmas shown in Fl G#;}é a%g j?ﬂ 2 glt @g??nﬁgdb%tfesfﬁé\géq{lea% ?%gg{%gbon a
hot plate at d48tC fsemBS0ai nuts&Sdt oihe Galzmpécd 4 0 @btai €2 aradnduet i ve
film(silver conductive film. Then, after the produced conductive
film togethdFxameh ¢ he §l§b%trate was cut in a substantially J- shape shown
in FIG 2A to be ap ed o SS e m
(Type 25 PET 38 pr ogt&uk:;ed 4b3} SLlanlglgc f%gr g?ﬂ oln%@pg’qnfoduce ap ogttgeéJC
antenna 14 as-shewrd nofktGinExanpRH ® tag adbppllrapiMenzax 3mpricesiced by
I mpinj, Inc.) 16 (having an antenna integrated therew th) was nounted on
the booster antemes 141 s@StEhraterth@rsmﬁfére\aﬁt@hﬁaawlqa&\éy showing

. el ectromagnetical ly .coupl ed ntenna of the REID_t ch|p 16), W th

respect to tHe FI’-??—“F% %ﬁ Bhﬁ"o rﬁré lnl%nfb%?)%t &P 4 Snﬁa %gngreo(gucgd t he
t hi cknesgg e|§C&&IM15§SI(§5@@§%{ (1ipe resistance) and surface resistivity
of the conductive filmwere nmeasured, and the volune resistivity of the

conductive film5 andthe per cent age ofthe metal (Ag) inthe conductive film
wer e cal cul at ed. e thickness he condu.é%obv fil mwas obtained

by neasuring a di foee?EnP:’Ié’C%ﬁ éPé:va(f?BﬁyaJtnga&PBf BVt b8Pween t he

surface of the 10 supstggte, ‘%réf’\@!:?rféci heerﬁ]QBGhliCrﬁéM% fblem waspbergedr and
the surface of the condlctive film by means of a | aser m croscope (Mdel

VK- 97 0 0 pratueech by ddYENGEH CERPERAT ICN s to tealncid mt e can, aaverlalgeeval ue
thereof. As a result, the thickness of the conductive film lJ:lSV\/as

(Exanpl el ), 20N dWGt { ERafpILE 2)5 L9 N REERAND128Y S&rP 88 /6t NG FEEX ?Tfﬂ e4)
respectively. ., quctj O% &l 4 gfrhrbg‘ﬂté?ﬁ'l%?n?@—@d)ne pesived apae) Hf hhe

conductive fiTh was obt ai ne y nmeasuring the electrical resistance in

| ongi t udi nal i neetrd ©AD oy 20f tshiel ¥ emgeatr 4 i ogars pard haw i(rag reegodngue ar
portion having a size of 5.0 nmx 70 WEZ) of one conductive filmof the
boost er ant ermas by tiewh$ yob fa 3tels@ 8r 4( ModeF mGCDMIOB e orfedd by

Corpor a1 on) o A8 B ERUbpq§ "R FLERLER! eBLsianeg ol b Sonductive
20 conductive film is less than 10 % by volume, it 1is
too small, so that the electrical characteristics
thereof are deteriorated. Thus, when the booster
antenna is used for an RFID tag, it does not function
as a booster.antenna. On the other hand, if the
25 amount of the sintered body of silver particles in
the silver conductive film exceeds 50 % by volume,
when the booster antenna is used for an RFID tag and
when the RFID tag is bent, stress concentrates on
the bent surface thereof, so that cracks are easy
30 to be generated oh the bent surface thereof. As a
result, the deterioration of electrical

characteristics thereof and thebreaking thereof are



Q (Exanple 3) and 0.8 Q (Exanple 4), respectively. A piece having a
size of 2.0 cmx 2.0 cmwas cut out of the conductive filmfor neasuring
the surface resistivity of the conductiveg filmby the 30 four-term nal
met hod by nmeans of a surface resistivity measuring apparatus (Loresta GP
produced by Mt subi shi Chem cal Analytech Co . , Ltd.) . 14 As a result,
the surface resistivity of the conductive filmwas 0.25 Q0 (Exanple 1),
0.06 Q /111 (Bxakplte He 0203 I/ 0SExaipte BYyeaRd 05 02nQ D2 EELaNpT . 4),
respectively. 5The.vo]u resistjyi 0, ive fil Lved
fromthe thi CH(on%g%,b lgjr leger itgla 115rle)éi é%’aen%:eﬁggd%gﬂgggéto\#e Ja% eétn %%rrs&gé%n t he
surface of thg, suhstad at e) ok nhey sondust ke st My iAsy aorfesath &, stiflevael une
resistivity of the conductive filmwas 10 44.6 g Q cm (Exanple 1), 17.4 g
Q cm (Exanplao @)y cli5i Beg fQ 1 mmi(sExanplteh 8) ramb 4306 ¢f Qomem (ERanmpte 4)

respectively. The percent agf %I he net al L?(LTIA‘% in the conductive
filmwas bt dihed AsHi¥I R, ERPS FRHiP ARSESTIGEE T 9B A i Wt gf%r
printed area of @2r8pCiu 13-rle CBWARS A 83 Vo FBngy LAHKERIAL @b AibEI C

acid solution (having a’known weight), and the concentration of Ag in the
sol uti on was iabt aierede &yt ¢ hen snduzttilvel yreouph ed /pleased vid ©F) dntgseén 20
spectral analysis nmethod to cal cul ate tr}g i ght (eg)e of téeq in the
conductive filhe TFhehP tThRIvd eh¥ S&he)t ?%9\/55 r AV PPGm ERE dBnsity
(10.5 g/ cnB) + Ahg; the. volre . qf ; £ hey conductyveefidym wass deriyved from
the thi cknessro%at% gﬁr/ﬁﬁr'\?éyégrr’ea (2.6 cam x 13.1 25 cln) ofC the conductive film
to cal cul @t e ghespercentagee phalAg to t heaconeuctdaeafi | hoksrsom thuering
expression "volume (cnB) of Ag x 100 / volune (cnB) of conductive filnf. As
a result, the peprédntagseste Wgei-n the conductive filmwas 22.4 % by vol une
30 (Example 1), 31.0,% by I ( Exanpl; ) o 2 1 %Dy lune (;Bxaapl e 3)
and 48.3 % by vol un@h?Exa?r%?ef%?f)F? respeé%%%hl/.%@ 155fb ¥ge\/\i’tﬁlr espective

to the produced,REIR {4 £hipr %Uﬁtr@fb(?_%&iﬁ? @nsepnal]lt be cemmrini cati on
range (theoretical read range forward) at a frequency domain of 800 to 1100

Mt (based orthS@uEE2T800656G Bl Stidnd&ridy hwas 1 Avtcat BY c& Eofrfuhi Bat i on

i, t t d d by V ti .
Gor por 8t 1 Bn) 14780 D6 eCaAmaghor -6 SRoCRB & bEEWIBS0 T bafike B 3 bFoni cs

Cor por at i on) .. fuie hes oof @ R 1 ord £& hi ©h &0c BRasUE eFBR i o 8TW4 figRME Rl 156 Ei Ng
(setting by a reference tag attached to tagfornmance) on this condition was -
carried out. ¢snabeesunlareahe ddmnmieatl ont an§& a SBiftr/egaesdyV 9f0H55 Mz

was 3.2 m (Ex le-1), . 4. (Exanpl.e . 4.2m ampl.e 153).and 4.0
(Exampl e 4), Cfaggﬁe‘&%i ggﬁyglpl angﬁeg‘i’o%%n %h%F%ooit%rrae%an%&J aarng]
conductive fid md2'qdayi,Bg e size Of £ b Mex 29. @ irw yas 16Ut fout et he
conductive filmproduced in this exanple, to be applied on a pressure
sensi tiv20adhiesdsé 20 r elndasentai | mtETy pe aRETe 38 g bducelloby Li Aigcing
Corporation) 18 to produce a, bending test sanple 20. As shown in FIG 4,

t he conducti VeF #PEMAUR’ '6€ G hE®bendi ng test sanple 20 was -pressed at 5. ON

on a pol e 22 of i [ ofy, BAINGCRFQ S5 M 0: g GAused rl & shhded a5 i rgcti ons
of the arrow by 10 cmwhile being bent by 90 degrees. After this sliding

movenent was irepgateefle 28 ntliyresn 1HRet in®s gando 50 tomes, respecti&ely, the
line resistance (tester) was neasured to gobtain a resistance det erti}%at ed

rate m. As the silver conductive film_ls thinner,
25 costs thereof are lower. However, if it is less than
1 uym, when the booster antenna is used for an RFID
tag, the electrical resistance thereof in the UHF
band is increased due to conductor skin effect, SO
that the communication range thereof is decreased.
30 In the preferred embodiment of a method for
producing a booster antenna according to the present

invention, the above-described silver conductive



30 (100 %when the line resistance is not changed) fromthe expression
(l'ine resistance after sliding novenent x 100 / line resistance before
test). As 16 a result, in Exanples 1 an(b 2, the resistance deteriorated
rate was 100% after the sliding novenent was repeated 10 times, 100 tines
and 500 tines, respectively. In Exanple 3, the resistance 5 deteriorated
rate was 100 % after the sliding novenent was repeated 10 tines and 100
times, respectivel yisandok2be & abyercatl sasinepeat ed i500e tri mes.r i inc Eranpl e
4, the resistance deteriorated rate was 100 %after the sl i di n% npvement
was repeat ed A03O T FEEY ABH U Per? I £ Ghas OrdiRARSd® 100 & Ptk W S&heP 80 %

oL % PO P e, g REEORLON Y gt

Exanpl es 1-4 are own 1 n ncentra-

Printing Condhiirens 1 &id 1% biears Dh gAgANIU toXo Nushes safb Forrtg. inIf the

| nkVol unePrinting Method(wt.% (cc/nm2)Times Ex.1 Print 60 8 1 Ex.2 Print 60
8 2 Ex.3 Primontent o the silver particles in the silver

pa;ticle dispersing solution is less than 50 % by
weight, it is difficult to form the above-described
sil&er conductive film on the substrate, and the
electricai conductivity of the film is deteriorated
10 to increase the electrical resistance thereof since
the amount of the sintered body of silver particles
in the silver conductive film is too small. If the
content of thesilver particles exceeds 70 $ by weight,
the viscosity of the silver particle dispersing
15 solution is increased, so that it is difficult to
apply it on the substrate by the flexographic
printing or the 1like.
_ Inthismethod for producing a booster antenna,
the applying of the silver particle dispersing
20 solution on the substrate is preferably carried out
by the flexographic printing. The flexographic
printing may be repeated. The average particle
diameter of the silver particles is preferably 20
nm or less, and more preferably in the range of from
25 5 um to 15 um. If the average particle diameter .
of the silver particles is in the range of from about
a few nanometers to about over ten nanometers, the
specific surface area thereof increases, so that the
melting point thereof dramatically decreases. For
30 that reason, even 1if the silver particles are
calcinedat51lowtemperaturecﬂfnothigherthan3OOcC,

it is possible to sinter the silver particles with
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50 8 3 Ex.7

Ex.
Ex. Print 50

10

each other (that is, it is possible to obtain the
degree of sintering at a low temperature). However,

if the average particle diameter of the silver
particles is greater than 20 nm, it is difficult to

5 obtain the degree of sintering at a low temperature,
which is expected as silver nanoparticles (fine

silver particles).

Furthermore, the average particle diameter

(average primary particle diametef) of the silver
10 particléscxnlbecalculatedeusfollows. For example,
the silver particles are added to a mixed solution

of 2 parts by weight of an Ag ink containing silver
particles, such as an Ag ink (PFI-700 produced by
PChem Associates Inc.), whichcontains 60 % by weight

15 of Ag particles (silver particles having an average
particle diameter of 10 nm), 3.0 % by weight of
polyvinyl chloride copolymer latex, 2.0 % by weight

of polyurethane thickener and 2.5 % by weight of
polypropylene glycol, 96 .parts Dby weight of

20 cyclohexane and 2 parts by weight of oleic acid, and
| are dispersed by ultrasonic. Then, the fiuid
dispersion thus obtained is allowed to drop onto a

Cu microgrid having a supporting film to be dried.
Then, an image obtained by observing the silver

25 particles on the microgrid in a bright field at an
accelerating voltage of 100 kV by means of a
transmission electron microscope (JEM-100 CX
Mark-II producedby JapanElectronOptics Laboratory
Ltd.) is taken at a magnification of 300,000. From

30 the TEM image thus obtained, the average particle
diameter (average primary particle diameter) of the

silver particles can be calculated. -The
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calculationof the averageprimaryparticlediameter
of the silver particles can be carried out by, e.g.,
an image analysis software (A-image-kun (registered
trademark) produced by Asahi Kasei Engineering
Corporation). This 1image analysis software 1is
designed to identify and analyze each of particles
with the gradation of color. For example, with
respect to the TEM image having the magnification
of 300,000, a circular particle analeis is carried
out on such conditions that “the brightness of
particles” is set to be “dark”, “the noise removing
filter” is used, “the circular threshold value” is
set to be “20”, and “the overlapping degree” is set

to be “50”. Thus, the primary particle diameters of

200 or more of particles are measured, and the number
average diameter thereof can be obtained as the
averageprimaryparticlediameter. If the TEM image
has a large number of sinteredparticles anddeformed
particles, it may be impossible measurement (no
measured) .

Examples of a booster antenna and a method for
producing the same accordingtothepresentinvention
will be described below in detail.

Examples 1-4

First, there was prepared an Ag ink (PFI-700
produced by PChem Associates Inc.) containing 60 %
by weight of Ag particles (silver particies having
an averageparticlediameterof10nm), 3.0 %$byweight
of polyvinyl chloride copolymer latex, 2.0 % by
weight of polyurethane thickener and 2.5 % by weight
of propylene glycol.

Then, a flexographic printing machine
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(multipurpose fine printing machine JEM Flex
produced by Nihon Denshi Seiki Co., Ltd.) and a
flexographic printing plate (produced by Watanabe
Gosando Co., Ltd., Material oflPrinting Plate:
5 Photosensitive Resin Plate AWP produced by Asahi

KaseiCorpOration,GradeDEF,SurfaceProcessinngO

lines, 96 DOT%) were used for printing the
above~described Ag ink on a substrate (PET
(polyethylene terephthalate)  film, Melinex
10 (registeredtrademark)545producedkn/DuPontTeijin

Films Limited) 10 at an anilox volume of 8 cc/m? (400
lines/inch)andateaprihtingspeedcﬁfZOm/min.once
(Example 1), twice (Example 2), three times (Example
3) and four times (Example 4) as thenumber of printing

15 times, respectively, so as to form five films 12
having a substantially rectangular shape having a
size of about 3 cm x 15 cm as shown in FIG. 1, and
then, the printed matter was heat-treated on a hot
plateat 140 C for 30 minutes tobe calcinedtoobtain

20 a conductive film (silver conductive film).

Then, after the produced conductive film,
together with the substrate, was cut in a
substantially J-shape shown in FIG. 2A to be applied
on a pressure sensitive adhesive release film (Type

25 PET 38 produced by Lintec Corporation) to produce
a booster antenna 14 as shown in FIG. 2B, an RFID
tag chip (Trap Monza 3 produced by Impinj, Inc.) 16
(having an antenna integratedtherewith) was mounted
onthebooster antenna 14 (sothat thebooster antenna

30 14 was electromagnetically coupled to the antenna
of the RFID tag chip 16).

With respect to the RFID tag chip-mounted
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booster antenna thus produced, the thickness,
electricalresistance(lineresistance)andsurface_
resistivity of the conductive film were measured,
and the volume resistivity of the conductive film

5 and the percentage of themetal (Ag) inthe conductive
film were calculated.

The thickness of the conductive film was
obtained by measuring a difference of elevation at
each of 100 points between the surface of the

10 substrate, on which the conductive film was formed,
and the surface of the conductive film by means of
alasermicroscope(ModelVK—9700producedbyKEYENCE
CORPORATION)tocalculateanaveragévaluethereof.
‘As a result, the thickness of the conductive film

15 was 1.4 um (Example 1), 2.1 pum (Example 2), 3.0

ym (Example 3) and 3.6 um (Example 4), respectively.

The electrical resistance (line resistance)
of the conductive film was obtained by measuring the
electrical resistance in longitudinal directions of

20 the longest linear portion (a rectangular portion
having a size of 5.0 mm x 70 mm) of one conductive
filmofthebooster antennabymeans of atester (Model
CDM-03D produced by CUSTOM Corporation). As a

result, the electrical resistance of the conductive
25 filmwas 7.7 Q (Example 1), 1.8 Q (Example 2), 1.2

Q (Example 3) and 0.8 Q (Example 4), respectively.

A piece having a size of 2.0 cm x 2.0 cm was
cut out of the conductive film for measuring the
surface resistivity of the conductive film by the.

30 four-terminal method by means of a surface
resistivity measuring apparatus (Loresta GP

produced by Mitsubishi Chemical AnalytechCo., Ltd.).
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As a result, the surface resistivity of the
conductive.film was 0.25 Q /00 (Example 1), 0.06 Q
/0 (Example 2), 0.03 Q /0O (Example 3) and 0.02 Q
/0 (Example 4), respectively. _

The volume resistivity of the conductive film
was derived from the thibkness, electrical
resistance and area (the area formed on the surface
of the substrate) of theconductivefilm. Asaresult,
the volume resistivity of the conductive film was
44.6 u Q ¢ cm (Example 1), 17.4 pu Q ¢« cm (Example 2),
15.3 g Q * cm (Example 3) and 13.6 ¢ Q * cm (Example
4), respectively. '

The percentage of the metal (Ag) in the
conductive filmwas obtained as follows. First, the
conductive film having a printed area of 2.6 cm X
13.1 cm was.dissolved in a concentrated nitric acid
solution (having a known weight), and the
concentration of Ag in the solution was obtained by
the inductively coupled plasma (ICP) emission
spectral analysis method tocalculate the weight (g)
of Ag in the conductive film. Then,thevolume(cmﬂ
of Ag Qas derived from the density (10.5 g/cm3) of
Ag, and the volume of the conductive filmwas derived
from the thickness and printed area (2.6 cm x 13.1
cm) of the conductive film to <calculate the
percentage of Ag in the conductive film from the
exXxpression “volumé (cm®) of Ag x 100 / volume (cm?)

of conductive film”. As a result, the percentage

of Ag in the conductive film was 22.4 % by volume

oe

(Example 1), 31.0 % by volume (Example 2), 37.1
by volume (Example 3) and 48.3 % by volume (Example

4), respectively.



" Resis- tivity Percent- age of Metal (pm (0) (0/0) (pQ
1.4 7.7 0.25 44.6 22.4 Ex.2 2.1 1.8 0.06 17.4 31.0 Ex.3 3
15

cm (vol.%) Ex.1
.0 1.2

With respective to . the produced RFID tag
chip-mounted booster antenna, the communication
range (theoretical read range forward) at a frequency
domain of 800 to 1100 MHz (based on ISO/IEC 18000-6C

5 Standard) was measured by a communication range

measuring apparatus (tagformance produced by
Voyantic Corporation) in an elecﬁromagnetic
anechoic box (MY1530 produced by Micronics
Corporation). Furthermore, prior to this

10 measurement, environment setting (setting by a
reference tag attached to tagformance) on this
condition was carried out. As a result, the
communication range at a frequency of 955 MHz was
3.2 m (Example 1), 4.0 m (Example 2), 4.2 m (Example

15 3) and 4.0 m (Example 4), respectively.

As shown in FIG. 3, a rectangular conductive
film 12’ having a size of 5.0 mm x 20.0 mm was cut
out of the conductive film produced in this example,
to be applied on a pressure sensitive adhesive

20 release film (Type PET 38 produced by Lintec
Corporation) 18 to produce a bending test sample 20.
As shown in FIG. 4, the conductive film 12’ of the
bending test sample 20 was pressed at 5.0 N on a pole
22 of iron having R=0.5 mm to be caused to slide in

25 directions of the arrow by 10 cm while being bent
by 90 degrees, After this sliding movement was
repeated 10 times, 100 times and 500 times,
respectively, the 1line resistance (tester) was
measured to obtain a resistance detericrated rate

30 (100 $ when the line resistance is not changed) from
the expression (line resistance after sliding

movement x 100 / line resistance before test). As



' 0.03 15.3 37.1 Ex. 4

3.6 0.8 0.02 13.6 48.3 Conp.1 1.7 CL CL CL 8.5 Ex.5 2.5
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0.18 53.5
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a result, 1in Examples 1 and 2, the resistance
deterioratedratewas 100%aftertheslidingmovement
was repeated 10 times, 100 times and 500 times,
respectively. In Example 3, the resistance
5 deteriorated rate was 100 & after the sliding
movement was repeated 10 times .and 100 times,
respectively, and 125 % after it was repeated 500
times. In Example 4, the resistance deteriorated
ratewas 100 $after theslidingmovement was repeated
10 10 times, 150 % after it was repeated 100 times, and
180 % after it was repeated 500 times.
The conditions and results in Examples 1-4 are

shown in Tables 1-3.
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Table 1

Concentra- Printing Conditions

Film tion of Ag Anilox Number of

Forming in Ink -Volume Printing
Method  (wt.$) (cc/m?) Times
Ex.1 Print 60 8 1
Ex.?2 Print 60 8 2
Ex.3 Print 60 8 3
Ex.4 Print 60 8 4
Comp.1 Print 50 8 1
Ex.5 Print 50 8 2
Ex.6 Print 50. 8 3
Ex.7 Print 50 8 4
Ex.8 Print 70 8 1
Ex.9 Print 70 8 2
Ex.10 Print 70 8 3
Comp. 2 Print 70 8 4
Ex.11 Print 60 20 1
‘Ex.12 Print 60 20 2
Ex.13 Print 60 20 3
Comp. 3 Print 60 20 4
Comp. 4 Print 60 20 8
Comp.5 Print 40 8 1
Comp. 6 Print 40 8 2
Comp.7 Print 40 8 3
Comp. 8 Print 40 8 4
Comp. 9 Foil — — -

Comp. 10 Foil —
Comp.11 Foil —
Comp.12 Foil — — -
Comp.13 Foil - - —



'3.10.6 0.01 7.9 54.7 Ex.11 2.2 1.6 0.06 15.4 28.5 Ex. 12 3.6 0.9 0.02 11.5
5 0.2
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Ex.12
Ex.13
Comp.

O W ~J & O

Comp.
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Comp.
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Table 2
| Elec-

trical Surface Volume

Thick- Resis- Resis- Resis-

ness tance tivity tivity

(pm) (Q) (Q/0) (uQ * cm)
1.4 7.7 0.25 44.6
2.1 1.8 0.06 17.4
3.0 1.2 0.03 15.3
3.6 0.8 0.02 13.6
1.7 OL OL OL
2.5 8.9 0.43 78.7
3.4 3.9 0.18 53.5
4.8 2.8 0.10 46.1
1.7 5.5 0.19 32.8
2.5 1.8 0.06 17.4
2.8 1.0 0.03 10.8
3.1 0.6 0.01 7.9
2.2 1.6 0.06 15.4
3.6 0.9 0.02 11.5
5.6 0.2 0.01 3.6
7.5 0.2 0.01 4.8
11.4 0.2 0.01 7.3
1.5 OL OL OL
2.4 820.0 114.0 4280
3.6 185.0 35.5 1705
5.0 70.0 7.4 1140
1.0 0.3 0.01 1.6
3.0 0.2 0.01 1.9
3.0 0.3 0.01 3.8
6.0 0.2 0.01 7.6
12.0 0.2 0.01 15.3

Percent-

age of

Metal
(vol..
22.
31.
37.
48.
8.

15.
17.
18.
25.
32.
43.
54.
28.
38.
49.
54.
70.

o

w B O B

B W NGO - WAoo Y

S
CoSEN |

~ u
[« Ve ]

100
100
100
100
100

))
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Table 3
Flexibility
(Resistance Deteriorated Rate) (%) Communication
10 times 100 times 500 times Range (m)
Ex.1 100 100 100 3.2
Ex.2 100 100 100 4.0
Ex.3 100 100 125 4.2
Ex.4 100 150 180 4.0
Comp.1 No Measured No Measured No Measured 0.0
Ex.5 100 100 100 2.7
Ex.6 100 100 100 3.5
CEx.7 100 100 100 3.4
Ex.8 100 100 100 3.6
Ex.9 100 100 120 4.0
Ex.10 100 110 150 4.0
Comp. 2 100 350 1200 4.2
Ex.11 100 100 100 3.8
Ex.12 100 100 125 4.1
Ex.13 : 100 150 180 4.2
Comp. 3 200 400 1400 4.2
Comp. 4 Breaking Breaking Breaking 4.2
Comp.5 No Measured No Measured No Measured 0.0
Comp. 6 100 100 100 0.0
Comp. 7 100 100 100 0.7
Comp. 8 100 100 100 1.8
Comp. 9 100 200 800 3.8
Comp.10 100 150 400 4.2
Comp.11 167 633 Breaking 4.2
Comp. 12 100 100 1200 4.0
Comp.13 100 100 800 4.0
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Comparative Example 1, Examples 5-7

First, polyvinyl chloride copolymer latex,
polyurethaﬁe thickener and propylene glycol were
added to the Ag ink used in Examples 1-4, to prepare
an Ag ink containing 50 % by weight of Ag particles.
(silver particles having an average particle
diaméter of 10 nm), 18.4 % by weight of polyvinyl
chloride copolymer latex, 2.0 % by weight of
polyurethane thickener and 2.5 % by weight of
propylene glycol.

BythesamemethodésthatinExamplesl—4except
that the Agjqﬂcthus prepared was usedtx:be printed
once (Comparative Example 1), twice (Example 5),
three times (Example 6) and four times (Example 7),
respectively, a conductive film was obtained, and
then, an RFID tag chip-mounted booster antenna and
a bending test sample were produced. Then, by the
same method as that in Examples 1-4, the thickness,
electrical resistance and surfaceresistivityof the
conductive film were measured, and the volume
resistivityoftheconductivefilmandthepercentage
of Ag in the conductive film were calculated. Also,
by the same method as that in Examples 1-4, the
communication range of the RFID tag chip-mounted
booster antenna was measured, and the resistance
deteriorated rate of the bending test sample was
obtained.

As a result, the thickness of the conductive
film was 1.7 um (Comparative Example 1), 2.5 um
(Example 5), 3.4 um (Example 6) and 4.8 um (Example
75, respectively. The electrical resistance of the

conductive film was not able to be measured due to

0.01 1.6 100 Conp.10 3.0
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overload (OL) (Comparative Example 1), 8.9 Q
(Example 5), 3.9 Q (Example 6) and 2.8 Q (Example
7), respectively. The surface resistivity of the

conductive film was not able to be measured due to
5 overload (OL) (Comparative Example 1), 0.43 Q/[]
| (Example 5), 0.18 Q /0 (Example 6) and 0.10 Q /0
(Example 7), respectively; The volume resistivity
of the conductive film was not able to be calculated
due to overload (OL) (Comparative Example 1), 78.7
10 u Q - cm (Example 5), 53.5 g Q *cm (Example 6) and

46.1 u Q - cm (Example 7), respectively. The
percentage of Ag in the conductive film was 8.5 %
by volume (Comparative Example 1), 15.5 % by volume
(Example 5), 17.5 % by volume (Example 6) and 18.8 %
15 Dby volume (Example 7), respectively. The
communication range at a frequency of 955 MHz was
0.0 m (Comparative Example 1), 2.7 m (Example 5),
3.5m (Example 6) and 3.4 m (Example 7), respectively.
The resistance deteriorated rate was not able to be
20 calculated due to overload (OL) in Comparative
Example 1. In Examples 5-7, the resistance
deterioratedratewas100%afterthéslidingmovement
was repeated 10 times, 100 times and 500 times,
respectively.
25 The conditions and results in Examples 5-7 and

Comparative Example'l are shown in Tables 1-3.

Examples 8-10, Comparative Example 2

First, after the Ag ink used in Examples 1-4

was. centrifuged at 3000 rpm for 10 minutes, the

30 supernatant liquid was removed to prepare an Ag ink
wherein the concentration of Ag particles was

adjusted to be 70 % by weight.
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By the samemethodas that inExamples 1-4 except
that the Ag ink thus prepared was used to be printed
once (Example 8), twice (Example 9), three times
(Example 10) and four times (Comparative Example 2),

5 respectively, a conductive film was obtained, and
then, an RFID tag chip-mounted booster antenna and
a bending test sample were produced. Then, by the
same method as that in Examples 1-4, the thickness,
electrical resistance andsurfaceresistivityof the

10 conductive film were measured, and the volume
resistivityof theconductive filmandthepercentage
of Ag in the conductive filmwere calculated. Also,
by the same method as that in Examples 1-4, the
communication range of the RFID tag chip-mounted

15 booster antenna was measured, and the resistance
deteriorated rate of the bending test sample was
obtained.

As a result, the thickness of the conductive
film was 1.7 um (Example 8), 2.5 um (Example 9),

20 2.8 um (Example 10) and 3.1 um (Comparative Example
2), respectively. The electrical resistance of the
conductive film was 5.5 Q (Example 8), 1.8 Q
(Example 9), 1.0 Q .(Example 10) and 0.6 Q
(Comparative Example 2), respectively. Thesurface

25 resistivity of the conductive film was 0.19 Q /0
(Example 8), 0.06 Q /0O (Example 9), 0.03 Q /0O
(Example 10) and 0.01 Q /0 (Comparative Example 2),
respectively. The volume resistivity of the
conductive film was 32.8 u Q * cm (Example 8), 17.4

.30 u Q +cm (Example 9), 10.8 u Q * cm (Example 10) and
7.9 4 Q - cm (Comparative Example 2), respectively.

The percentage of Agin the conductive filmwas 25.6 %
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by volume (Example 8), 32.7 %$ by volume (Example 9),
43.3 % by volume (Example 10) and 54.7 % by volume
(Comparative Example 2), respectively. The
communication range at a frequency of 955 MHz was
5 3.6m (Example 8), 4.0 m (Example 9), 4.0 m (Example
10) and 4.2 m (Comparative Example 2), respectively.
In Example 8, the resistance deteriorated rate was
100% after theslidingmovement was repeated 10 times,
100 times and 500 times, respectively. 1In Example
10 9, the resistance deteriorated rate was 100 % after
the sliding movement was repeated 10 times and 100
times, respectively, and 120 % after it was repeated
500. times. In Example 10, the resistance
deteriorated rate was 100 % after the sliding
15 movement was repeatéd 10 times, 110 % after it was
repeéted 100 times, and 150 % after it was repeated
500 times. In Comparative Example 2, the resistance
deteriorated rate was 100 % after the sliding
movement was repeated 10 times, 350 % after it was
20 repeated 100 times, and 1200 % after it was repeated
500 times.
The conditions and results in Examples 8-10

and Comparative Example 2 are shown in Tables 1-3.

Examples 11-13, Comparative Examples 3-4

25 _ By the samemethod as that inExamples 1-4 except
that the Ag ink was printed at an anilox volume of
20 cc/m? (150 lines/inch) once (Example 11), twice
(Example 12), three times'(Example 13), four times
(Comparative Example 3) andeight times (Comparative
30 Example 4), respectively, a conductive film was
obtained,andthen,enlRFIDtagchip—mountedbooster

antenna and a bending test sample were produced.
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Then, by the same method as that in Examples 1-4,

the thickness, electrical resistance and surface
resistivity of the conductive film were measured,

and the volume resistivity of the conductive film

._5 and the percentage of Ag in the conductive film were
calculated. Also, by the same method as that in
Examples 1-4, the communication range of the RFID

tag chip-mounted booster antenna was measured, and

the resistance deteriorated rate of the bending test

10 sample was obtained.

As a result, the thickness of the conductive

filmwas 2.2 um (Example 11), 3.6 um (Example 12),

5.6 um (Example 13), 7.5 um (Comparative Example
3) and11.4 um (Comparative Example 4), respectively.

15 The electrical resistance of the conductive filmwas
1.6 Q (Example 11), 0.9 Q (Example 12), 0.2 Q
(Example 13), 0.2 Q (Comparative Example 3) and 0.2

Q (Comparative Example 4), respectively. The
surface resistivity of the conductive film was 0.06

20 g)/[](Example 11), 0.02 Q/0 (Example 12), 0.01 Q
/0 (Example 13), 0.01 Q /0 (Comparative Example 3)
and 0.01 Q /O (Comparative Example 4), respectively.

- The volume resistivity of the conductive film was
15.4 pu Q ;cm(Examplell),11.5th *cm (Example 12),

25 3.6 4 Q * cm (Example 13), 4.8 u Q * cm (Comparative
Example 3) and 7.3 u Q * cm (Comparative Example 4),
respectively. The percentage of Ag in the

conductive film was 28.5 % by volume (Example 11),

Ao}

38.5 % by volume (Example 12), 49.2 % by volume
30 (Example 13), 54.9 % by volume (Comparative Example
3) and 70.1 % by volume (Comparative Example 4),

respectively. The communication range at a
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frequency of 955 MHz was 3.8 m (Example 11), 4.1 m

(Example 12), 4.2 m (Example 13), 4.2 m (Comparative

Example 3) and 4.2 m (Comparative Example 4),

respectively. In Example 11, the resistance

5 deterioratedratewas 100% aftertheslidingmovement

was repeated 10 times, lOO.times and 500 times,

respectively. In Example 12, the resistance

deteriorated rate was 100 % after the sliding

movemeht was repeated 10 times and 100 times,

10 respectively, and 125 % after it was repeated 500

times. In Example 13, the resistance deteriorated

ratewas 100 $ aftertheslidingmovement was repeated

10 times, 150 % after it was repeated 100 times, and

180 % after it wasrepeated 500 times. InComparative

15 Example 3, the resistance deteriorated ratewas 200 %

after the sliding movement was repeated 10 times,

400 ¢ after it was repeated 100 times, and 1400 %

after it was repeated 500 times. Furthermore, in

Comparative Example 4, the resistance deteriorated

20 rate was not able to be obtained since the conductive

film was broken before the sliding movement was
repeated 10 times.

The condifions and results in Examples 11-13

and Comparative Examples 3-4 are shown in Tables 1-3.

25 Comparative Examples 5-8

First, polyvinyl chloride copolymer latex,
polyurethane thickener and propylene glycol were
added to the Ag ink used in Examples 1-4, to prepare
an Ag ink containing 40 % by weight of Ag particles

30 (silver particles having an average particle
diameter of 10 nm), 33.8 % by weight of polyvinyl

chloride copolymer latex, 2.0 % by weight of
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polyurethane thickener and 2.5 % by weight of
propylene glycol.

By the samemethod as that in Examples 1-4 except

that the Ag ink thus prepared was used to be printed

5 once (Comparative Example 5), twice (Comparative

Example 6), three times (Comparative Example 7) and

four times (Comparative Example 8), respectively,

a conductive film was obtained, and then, an RFID

tag chip-mounted booster antenna and a bending test

10 sample were produced. Then, by the same method as
that in Examples 1-4, the thickness, electrical
resistance and surface resistivityof the conductive
film were measured, and the volume resistivity of
the conductive film and the percentage of Ag in the

15 conductive film were calculated. Also, by the same
method as that in Examples 1-4, the communication
range of the RFID tag chip-mounted booster antenna
was measured, and the resistance deteriorated rate
of the bending test sample was obtained.

20 As a result, the thickness of the conductive
film was 1.5 um (Comparative Example 5), 2.4 um
(Comparative Example 6), 3.6 u m (Comparative
Example 7) and 5.0 g m (Comparative Example 8),
respectively. The electrical resistance of the

25 conductive film was not able to be measured due to
overload (OL) (Comparativé Example 5), 820.0 Q
(Comparative Example 6), 185.0 Q (Comparative
Example 7) and 70.0 Q (Comparative Example 8),
respectively. The surface resistivity of the

30 conductive film was not able to be measured due to
overload (OL) (Comparative Example 5), 114.0 Q/
O (Comparative Example 6), 35.5 Q /00 (Comparative
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Exanpl e 8), respectively. The electrical resistance of the 25 conductive
filmwas2Mmot sserheleo voesmedstuaéd edlle to overload (OL) (Conparative Exanpl e
5), 820.0 Q (Conparative Exanple 6), 185.0 Q.(Conpar at,ive Exanmple 7) and
70.0 Q (Conparat i ve* ExanpP&ug)t r‘ééﬁe@t '%‘F?.l cﬁﬁ%ﬁ?flascteaflgﬁ é)tﬁ'e\ﬁk%? of

the 30 conductjyve fil. . not | 8 oppe t rl ()
(Compar at 1 ve aikdpes oy 40 300 A% Ber” Ao SRR 2 B et S g o
(Conparativeg 2y Eganpl ecHhmphdat v / E{Lappay ative Exanpl e 08)2 Q

respectively. The volune resistivity of the conductive filmwas not able to
be cal cul at ed GRBPEF & eFIcoadE L OMP Y Tonparlat i vECBRABIE VW 1Y4280 580 cm
Q

(Conpar ajive Exapple 6), 1705 g. rative .E 7 dnal g
cm  ( Corfplr atite" EXEnpIe JB??lr‘%%%@c??véﬁ%@%ﬁgé%é?&?}(l%%lefgf QJ%\% ioﬁ]o:l]ge
conductive fi S Bedn? I Q@g@@@@tiyq@@ 0l e Phe 6y41%nly

vol une 10 (C%?p?atﬁ/ém agyrr%iég\%mE 5. .%byvol une ?pCOrrpargtive Exanpl e 7)
and 7.0% by vel e t(iGanpar atf ve hExamphe B)t i vespetlimvetys Bhed conBuni cati on
range at a frequency of 955 MHz was 0.0 .m (CQrP:;arat i7ve Exarrplge 5 ,. 0. Om
( Conpar at i ve SBxanpfFemyarad i va (CohpRPatS vel 1) - -6 cm

(Comparative Example 12) and 15.3 u Q -+ cm

30 (Comparative Example 13), respectively. The
communication range at a frequency of 955 MHz was

4.2 m (Comparative Example 11), 4.0 m (Comparative



15 Exanple 7) and 1.8 rn (Conparative Exanple 8), respectively. The

resi stance deteriorated rate was not able to be cal cul ated due to overl oad
(QL) in Conparative Exanple 5. In Corrparg?ive Exanpl es 6-8, the resistance
deteriorated rate was 100% after the 20 sliding novenent was repeated 10
times, 100 tinmes and 500 times, respectively. The conditions and
results in Conparative Exanples 5-8 are shown in Tables 1-3. Conparative
Exanpl es 9- 1Ex2hbBy ¢ h& 29anennet Hod as t(tatmpa ExanpleesE tamekeept3 t hat
there were used conductive filns (havi ng an Ag per cent ag of _100 % and a
size of 100 rik XPECO- i Lwhi ch W& e CARPBEE of YAy £ ‘gﬁro& ced by
Takeuchi Cor | [ [ of ;1.0 Bp Lve mpl e
9) and 3.0 g%%%oﬁ%?rﬂ?gv%g%lgﬁgéa %ggpeec‘??g]eﬁ%ﬁﬁn galrgig\fofﬁ?%e
conductive fid 1 abtna mesl &mexianpd esr é pd a an dREIOD ttiage s 281 O - adfurge ed
booster antenna and a bendi nc? test sanple were produced. Then, by the sane
met hod asdt haitt W Exameesed 40G hd g et # NEaP OfedPdahfel 8P Earife e
resistivity of the conductive,fil r.e S y | - :
resistivity o u‘la’h%ocgﬁﬁu%trievaekflinlﬂoﬁst%agll gﬁ?‘aﬁgg lAVIaé;gf,{g)ﬁ/‘l %%etbgsrgrﬁstrret hod

as that in Exgiplespbwhelheocogiua£ati 0OR Camgea ok ttinee REk Bipdlge 12,
chi p-mount ed booster antenna was neasured, and the resistance deteriorated
rate 10 of tHedarelsng teBEesdpplar was adbedi hede was 100as afftesnithet he

el ectrical resjstance of the conductive film 3 ( arative Exanple
9) and 0.2 QY ﬂﬁ&rgaﬂ%‘éeﬁ?%!%aiof?preeasi)ggtm?@e%ﬁm%écgg@f _ai’cgfter
resistivigy oft thgscondueti-wes fido vasmds, 0201 Q £0 o Gonpat ati Ve Exaspl e 9)
and 0.01 Q /0 (Conparative Exanple 10) , respectively. Thevol une
resistivity ofepbe tcomdu@®ivemieid m was JoBpp Xk témg Conpapdtd Ue3 Exarpl e 9)
and 1.9 g cm (Conparati ve Exanpl.e 10), respectively. The 20 comunicati on
range at a friegRiendy? Bf Soske %a)é.eén %Br?pa‘?‘%?i v-'e&ﬁxérrﬁl C8Y dnd€4.2 m
(Conparati ve ' he3Pectd ¥el X o d N Campayr atiyes Exagpl @ Q.rdde

resi stance: det@egggrng% ircpfgvr’gte was 100 %pafter the slidi ?lg movenent was
repeated 10 tiitresas20=Pfe2F adt 20 0 tt ivas sr,epeated QD03 t arfgss rand 809Ds %
after it _was repeated 500 tines. In Conparative Exanple 10, the resistance
deteri orb? ed e e awed 100 D@t LB S he sliding movement was repeated 10

times, 150% after i S - 00ty n 0:% at i :
! roidp0as. eReAt 86,100, tidTeS e 206 400 1% ablelpd b aWasSy e
30repeated 500 ti rrefé. _C a‘%e (?ondlaﬁ ons and results in C?orrpar ative
Exanpl es 9- 1& s @p3hoswnliln fTabkes 1s Bowr29i Gorpsl dkisvel ERanpl es 11-13
If a booster antenna according to the present
invention is used for an RFEI tag, it is possible

20 to produce an RFID tag with a booster antenna having

a practical communication range.



By the sane nethod as that in Exanples 1-4 except that there were used
conductive filnms (having an Al percentage of 100 % and a size of 100 nmm Xx
100 mMmm 5 which were cut out of Al foils3{produced by Takeuchi Corporation)
having a thickness of 3.0 g m(Conparative Exanple 11), 6.0 g m
(Comparative Exanple 12) and 12 . m (Conparative Exanple 13), respecti.vely,
in place of the conductive film 10 obtained in Exanples 1-4,an REID tag
chi p- nount ed booster antenna and a beﬁdi%ngFest sanpl e were produced. Then,
by the sane nethod as that in Exanples 1-4, the electrical resistance and
surface resistivity of the conductive filmwere neasured;—35—and. vol une
resistivity af, the gopdudtye faidltenan cabeid eieds A so, by the same net hod
as that in Exanples 1-4, the comuni cation range of the RFID tag

chi p- mount ed boost ez &mtetihhai®s n@Bslured, and the resistance deteriorated
rate of the bending test 20 sanple aht ai ned. As.a result, the

el ectrical resistante Bf ltvheercgﬁ&?c#\?vg Y?m Wésln&). 3f?2r(n€o?rpa9§ti vteh%xarrpl e
11) , 0.2 Q (Koyparatiye Braapke 112 r ard 43 R { FengarBhi @ rExanplien ¢ 3)

, respectively. The 25sur face resistivi ty of the conductive filmwas 0.01 /

El (Conpar at iMe- ERanpl &y 1voll3)me Thef val usd resicstd vboy Yof otfthes édritRigt i ve

filmwas 3.8 g .cn( Conparative, Exanpl ell), 7. 6jicm (Conpar ati_v | e
12) and 15. 3i é%ﬁ%%l&%f%g?aﬁ &?é‘@%ﬁp?evé%mﬁegﬁeﬁt}t?\gélvyl.ti'f'h%fcgﬁﬁgﬁ cation
range at a frﬁg‘gencgmof 955 MHz was 4.2 m (Conparative Exanple 11), 4.0 m
(Conparative Exanpl e 12) and 4.0 m (Conparative Exanple 13) ,

respectively. In Conparative Exanple 11, the resistance deteriorated rate

was 167 % after the sliding novenent was repeated 10 tipes, 100%after 5 it
was repeat ed 2100 t i M&O 0 8hE MdP Lt B2tdS KRS bbt AF hdd 1due 183 T He Bidaking of
the conductivye filmafter it Ny ; 50Q td nes. | ar ative Exanple
12, the resi \sfjtaasncg dself‘T(:ar%l‘a(():reat]\E!a\%lgrlasteé(;f?\/E&LgtqjlOg(%%da??erQ {hri%cg)lq%)d:l[%tssrfnvenent
was repeated 10 tinmes, 100% after 10 it was repeated 100 tines, and 1200 %
after it was repeated 500 tinmes. In Conparative Exanple_13, the resistance
deteriorated ¥ate VAPIODterapndre i hd 3FiF gt ABFENE Rt Chas T dpedted o

times, 100% after it was,repeate O tinmes, and 800 % after it was 15
i Rl Bt

repeat ed 500 %3 e CRICKNE/E @ tPors™ind results in Conparative

Exanpl es 11-13 are shown in Tables 1-3. I f a booster antenna
according to the present invention is used for an RFEl tag, it is possible
20 to producé -an RA Dnehbod tir & HHOSHE? 1 aft énk® havEigaa prasaicdlhe

comruni cation range. 31 C.ains . oSt er fenna conprises:. a
substrate: a&f@hg% compr151ng:%h@ g%eég S

preparing a silver particle dispersing
solution which-coﬁtains 50~70 % by weight of silver
particles;

applying the silver particle dispersing
sdlution on a substrate; and

calcining the silver particle dispersing
solutiononthe substrate to forma silver conductive

film as set forth in any one of claims 1 through 3.

5. A method for producing a booster antenna as
set forth in claim 4, wherein said applying of said
silver particledispersingsolutiononthe substrate

is carried out by the flexographic printing.



a silver conductive filmforned on the substrate, the silver conductive
filmcontaining 10-50 % by vol une of a sintered body of silver particles
and having a volunme resistivity of 3-1003§ Q cm 2. A booster antenna as
set forth in claim1, which has a surface resistivity of 0.5 Q/0 or |ess.
3. A booster antenna as set forth in claim11, which has a thickness of 1-6
gm 4. A nethod for producing a booster antenna, the nmethod conprising the
steps of: 6. prepaecitped Sidveprpattcing di spercss hgrsa it fom avhié 8h
cont ai ns 50-70% by wei ght of_ silver rticles; . . .applying. the silver
particle dispefsi %@r&ﬂ dti &#%hmaﬁsug $LEdD SR s11%% I%?gitrjfgc fé
silver parti ﬁ+§vg' aaewer&gaﬁg! Bi,on; en & hei st atert 9of AR Sitlares .
conductive filmas set forth in any one of clains 1 through 3. 5. A nethod
for producing a booster antenna as set forth in claim4, wherein said
applying of said silver particle dispersing solution on the substrate is
carried out by the flexographic printing. 32 6.A nethod for producing a
booster antenna as set forth in claim4, wherein said silver particles have
an average particle dianmeter of 20 nmor |ess.



