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| DENTI FI CATI ON TAG HAVI NG A PRINTED 5 ANTENNA AND METHOD Cr oss- Ref erence to

. Related Applications 10 The present application is a continuation-in-part
of a connnnlyassqmmmmmm“mmw tent application by Noel H Eberhardt et a
entitled "Radio f ntification tag having an arébcbﬁ 5§§rated

antenna, " serial nunBewox filed 9 June 1998, attorney docket nu

| ND10149, the disclosure of which prior application is hereby expressly 15

i ncorporated by reference, verbatimand with the sane effect as though such

di sclosure were fully and conpletely set forth herein. The present

application is related to the follomﬁng commonl yassi gned prior U S. patent

applications: Ted Geiszler et al., "Renotely powered el ectronic tag and
associ ated exci tquD@@wE@w@NmoemamcmmfA@wAwN@Ammmﬁ@bmo 813,
filed 11 t ober 1995, attorney 01; Victor Allen Vega
et al., "Radio frequency identif sing tags arranged for

coupling to ground," serial nunber 091031, 848, filed 27 February 1998,
attorney docket nunber 1ND10153; Victor Allen Vega et al.) "Radio frequency
25 identification tag arranged for magnetically storing tag state

I nformation," serial nunber 09/041, 480, filed 12 March 1998, attorney

docket nunber | ND10146; andCMsgtFQéfeﬁt%ﬁ@éﬂ'to\ﬁQI%engphc,oqﬁohgquency

|dent|f|cat|ontag with a pro rial nunber
09/ 045, 3570 fil ed 26hﬁmreﬁent9@xmllcat%tﬁq@@oab@u@tommm of apepimaniyt he

di scl osures of a¢bighBdRY.! SO atht Applicatadn WNO@I B E%éﬂ'ﬁbfd?épéleéﬁhﬂ'ed
i ncor porated he

ffect
though such di &R Séﬁdb o oy idF TiTcatigh dg DAKPB AN Srtels infegratec Antenne.
~m-~~w~w~  _2sefRakhumbér t he | nventfiled 90RiNeE(998) GittoThey gdoelestmumiverent i on

relates gener aljibtas!ieldighisgte Saihigt pRGK 8ORMERE hEIaR! GReLags

i ncl udi ng, but ags’having a
printed ankSennmC%pGMbbmaf@rmca. verbatine andwitiréhe same effeshasy though

identificati 0”shé‘S%l@l&&é%éh%@é‘ﬁ@%ﬂip@&@fy‘Jét‘fé\‘th f8rdiRg systens are
known, and find nu ouUS uses. equency identification
tags are frequent!y lfgRepent appllcatlon |snPelated to the fol(owmg cofnmoni ly-
assigned prior U.S. patent applications: Ted Geiszler et al., “Remotely
powered electronic tag and associated exciter/reader and related
20 method,” serial number 08/540,813, filed 11 October 1995, attorney
docket number INDOO701; Victor Allen Vega et al., “Radio frequency
identification tag system using tags arranged for coupling to ground,”
serial number 09/031,848, filed 27 February 1998, attorney docket
number IND10153; Victor Allen Vega et al., “Radio frequency
25 identification tag arranged for magnetically storing tag state information,”
serial number 09/041,480, filed 12 March 1998, attorney docket number
IND10146; and Victor Allen Vega, “Radio frequency identification tag with
a programmable circuit state,” serial number 09/045,357, filed 20 March
1998, attorney docket number IND10174, the disclosures of which prior
30 applications are hereby expressly incorporated herein by reference,
verbatim and with the same effect as though such disclosures were fully

and completely set forth herein.
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* 10 personal identification in autonmated gate sentry lappl i cations protecting
secured buildings or are&s. Information stored on the radio frequency
_identification tag identifies the person seeking access to the secured
building. A radio frequency identification tag system conveniently provides
for reading the information fromthe radio frequency identihfigatigy,15 tag
at a small distance using radio frequency.3RF) data transm sSion

technol ogy. Most typically, the user sinply holds or places the radio
frequency identification tag near #&idldsd the invemtionhat transnits an

excitation signal tel'ﬁé‘ﬁrersﬁﬂ-{ Rlvtehﬁgh'?&‘éyegﬂé‘rgér'h[l)% f@fﬂeoﬁbla%?ré’&i&@” ng
circuitry contained on the radio trequency”identification tag. The
circuitry, resptamiensyidentification tags ingluding, 1w met limitedhioniagin Frequenrcyst or ed
information fr iadi i tbhieation tag to the base
station, whj chqg%ﬁtgﬁeggﬁéﬂ%g gg@‘c’)‘ggyrtlwgeir%ﬂ%?%ti on. In general, radio
frequency i¥entificati on tags are capable of retaining and) in operation,
:rans_m tt: ng g s;J_bfst agtl al danpgrgag{grbaﬁﬁbﬂtﬁe mentié?lf fici egt t |hnf ?)_r rkratl zn
o uniquely identify i.ndi vi dual s....nackages, i nve ry an e like.
ypl cal & eehnol ooy TRATRSTHRHEREY TetrBafeR ek sndifemo Bty
identifi ca]t i on identification dag systemsoanel knyvmyrard frudrbumerousiuses. i ﬁdeF : ve
power coupling PAC: ; ilizes a
coil elenent i née}{']"rijne‘9 réla%f&f(')(5 ¥'§§H§’Z&R§S‘/’%ﬁgﬁﬁt% tg tg %lci)l%tﬂte\g%.e mﬁ:@g%gi 'u_el ement is
30 excited!Qor pessendjidentification imabtamatedigate Seginiiapplieatiansernetentingt at i on
to provide powdedifed BaidiAgs BrEF%.JeI'ﬁft??rﬂéi%tdt&éiﬁéh%Fa%ﬂoﬁ‘ehﬁéh(}t:)f% The

radi o frequency ,identifica chl i}_ag COi or a second tatg Bm |,” may be used
to transmt anddeRificationtag idgntifigs the persalt $epking AGeRSS PriBesegHed r equency
i dentification BuidiraydAtragiolfescpuesicytidentificBtdh tad sgsteanconvehidritiyf i cati on

¢ 35 rel vi w . . . 49 . i th
radio 02 pecBRges e iRl i nieteR A3 k%ﬁ;&fﬁ@%%§2ﬁ)%&tﬁ?aﬁ%me ’
base stat i b?, sitagataamall distannesusing ragiotfranusocy (R |dat$trg?ahissim _
intersect the ective
coupl i ng. Readqggﬂggésﬁw?sﬁm%%w E%Hp?ﬁg@"{jheg'?%é’g rigér%sg@%grggfol_y on the
order of sever dredsieneytdentification tag gear abageftaliomihal trapemits an- expitationng
I or E_er tain aplféligﬁattbglﬁ’é radiughe_q@%ney ﬁén’tiﬁﬁhﬂom&ig”ftpbwéd?@bir{:@xiﬂ?tdoﬂtainéwg9age
racki ng, parcel tracking and invent.ory. nana nt. applications, are
necessary. - anotdbine Bk BeBlsna HeRbleatioRlna T a iy et ity
i denti fi caR0on excifation signat taomsmanicatestinel staredsinfdrmatioarfpdrotkeel radiot he radi o
10 frequency i [ i ' ' tification
t ags d?gcl o}s/ehqférﬁ"{%dggg%%@gﬁ c}a@?g?é@%&égﬁap |§%tq Pgh@h@ﬁgggwﬁgﬁ er:s | |
advant ageous| y acedesdhe infognatiomnin aensral, fadiofeequencyddentificatian dagsces

over those avaigdralapable dhetdiningamd,tin opeedtivw, 1:@6\5&11&@9% slestamsitalf rom t he
use of the systens a}ln&.t gs gherel di Sﬁ] sed s t hat. t]e. setr need not 15
bring the radi ATPYALRHBTHAURNT s EeeBh et o auey HERY 't o a base
station or25o0 sndivicuals,gdckages, dnventoey and the like.r espect to the base
station. It is therefaqr i i t ts of
the base station i s Ined EShiibal for AR aE reding R BRREERIY © 0
conveyer or an idenlifigatiopdag isipdugtive spupliing ena eaabination: ofdnducfiverppwerad t he

tag 20 informatdqiplin ahddRachivetifthadtBlind 0 IncslVE cBUbIR] utik@siddsFt i ve or
el ectrostatic signal s, between &he base, St |£@@3 d Llhe radi o fre%ency

n
i denti ficati on @l&gent futhesaditrequency iden agn The ikelement iy at " | east
one and frgguendicitetifor Geriergizedy) n@mescitakion sighalyfrora th@daseé station tohi p and

the antenna are_electrically 25 coupled and. b ed to a tag sulstrate. The
Lag ai mens; ons. PRYEE AR e 2aid Fedifridedtiicalinb fadohadind ThH B4R
mai nt ai ned f ai rirgqueralylideftifisatibntag colheoransecoral tag cpihenay bg usedéo | i mit ed.

A smal ler ante : S

antenna is necgggnasr_'ﬁf\gﬁggé%gg\é@é %ﬁé%%%@mﬁﬁ%ﬁ?igéﬁ%%&ggbsﬁag )'z(ﬂ EQ%%%AeE&ti ally
maki ng the tag igentificationdag anddbadiasestatidncRadp frequenayridestificative tags
general |y hgpr Ji ti i j il hid i t ag
| arger, ef ggt ?f\%qeylgg;tb gaﬁ%@@eé%#ggﬁgéIs%bﬂ@i?gg@&gﬂgﬁﬁiﬁﬁg dtf?gﬂ; Eﬁ’oflat t ag
design also limts the antenna to a flat, orientation sensitive
configuration. In accordance with preferred enbodi mrents of the invention 35
di sclosed in the aforenentioned United States Patent Application entitled
02 DEC 2002 -4 "Radi o Frequency ldentification Tag Having an Article
Integrated Antenna", it is proposed to formthe antenna integral to an
article. For exanple, a preferred inplenmentation sees the antenna printed
usi ng conductive ink onto a cardboard or paper package. A radio frequency 5
identification tag circuit chip is then secured to the article and
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10 disclosed therein, is fornmed by printing the pattern onto a paper
substrate using a conducﬁlve i nk. The chip assenbly may then be secured to
the article and electrically coupled to the antenna via the conductive
pattern. As will be appreciated, alignment of the circuit chip with an
antenna printed on the article or with a conductive pattegn rg(f(pz on the
substrate 15 is very inportant for propergqperation of thé circuit chip.
More particularly, the circuit chip nust be positioned within about +/-
0.125 m | I'i et freqemgy identificxtion! tag witherespbectionttiediasecstatiors simeetthe fieid cui t

Cechnotogi es. f Sy B e bR Siontal it iietoed HELER €l o v onco
paper or papersubstantiallyea rightsangledor effgdtivedosipling t Readaangesdor t he order of
/- 1.5 nm Thj n%u@ﬁ\i’élytcﬁhﬁlréar}fé\'nég Z%%réﬁfyebﬁrtﬂé’&&é?% sBvbifti cal circuit

chip. Contributi reci se rance are several factors
i ncl udi ng 5dge°@ﬂ‘t§§€fe(5$ Lﬂ@?frfﬁaﬂ&ﬁtﬁaﬁﬁ‘éﬁfﬁ desirakiei and faf geftaime | ocati on

of the print eda@ﬁtda%ﬁsrﬁjmayeuebﬁohtaearﬁﬁmw@mﬁca% B&g a éh@cﬁmgs a need
for an inproved raﬂr i dentification ﬁga tlon of
the Drawi ngs PPRICE aak'as&%?ﬂua ?/"te%%”ﬁeﬁffhe"&ﬁpp t|°ﬁ‘\§eﬁfq Bﬁc

i |l ust Irat ed in 30 tAaothertegralogofot pawering and mdadiryg radxefneqhenepce .
nuneral s repre

viewof ar gdl @Eéﬂ 'gé%}hﬁ‘c@%é%ﬁ rgg%@:)&?utpgé&‘s}{&gégoﬁgﬁégb\(in'qﬁﬂe gascﬁfef e?/r ed
enbodi nenflOof fraqueneysidentifi oat@nttagrsystmwam radiodreguency ddentification vi ew
taken along Ii s2d|§c13§ed: InQ‘heJabove r%f&%n%@aﬁ@@@atﬁn@ 'ﬁ’\é &/geRg Vview of

an ant enna andl gr conducti ve tern trate FIG 4 is
a plan view of a@varéﬁgg%sénpp@#@emfwb%am'a&mr&mased rw/wat%dis#ame@ 3in

t hedar tea of Clt ?@érethoée aanlft%l@én $he En@r @ﬂtamn\str]?e/v ﬁ/ahfégeaaéﬁfﬁbafr@ﬁﬁﬂh@é
conductive pattern rated jn ur med_in rdance
Wth e br of or r LS BRI RIETS dind thas shesih, AREIRGEH S iat the Hsegnped 557
cross-sectibon briegvthekastio flequgney ientifiGatiin f&igin closenproimityrto aiblalsest r at i ng
an apparatus fg{?tleﬁ'ﬂr% sszt%%SW‘Briéﬁ}gf\gng@ﬂfﬂ%s@b&ﬂo%ﬂe"ba%esftS{ idrE it

enbodi nent of esent 1 nve ross-sectron view simlar
to FIG 6 and ISIthQBQf@%ﬁ pessikig talincarpataie the Aetansa elementnehthedtasene present
i nvention. station into, for example, a doorway or a vestibule, a package conveyer or

an article sorting system, and to energize the tag and read the tag
20 information at a greater distance.

To couple either the inductive or electrostatic signals between the
base station and the radio frequency identification tag, the tag necessarily
includes an antenna having at least one and frequently two antenna
elements. Typically, a tag circuit chip and the antenna are electrically

25 coupled and bonded to a tag substrate. The tag dimensions, governed by
the tag substrate dimensions, are typically maintained fairly small.
Therefore, the antenna is generally size limited. A smaller antenna,
however, adversely affects read ranges. Also, the antenna is necessarily
formed co-planar with the tag substrate potentially making the tag

30 orientation sensitive. Because it is undesirable and generally impractical
to make the radio frequency identification tag larger, effective antenna
size remains limited. And, the typical flat tag design also limits the
antenna to a flat, orientation sensitive configuration.

In accordance with preferred embodiments of the invention

35 disclosed in the aforementioned United States Patent Application entitled



* FIG 8 is a cross-section viewsimlar to FIG 6 and illustrating an

alternate preferred enmboli ment of the present invention. 15 FIG 9 is a

_ cross-section viewsimlar to FIG 2 and illustrating an alternate

preferred enbodi nent of the present invention. FIG 10 is a cross-section
viewsimlar to FIG 6 and illustrating an alternate prefgﬁr]ggﬁ:mi ment

of the present invention. FIG 11 is a cr@ss-section viewsimlar to FIG 2
and illustrating an 20 alternate preferred enbodi nent of the present

i nvention. Det dRadi® Bequenpy idantifcation:Tag dlawinganArticeiIntegratedadi o

frequency | deniaria,ad il bRFosen 1856 108 RtehnainRighlige et et S Of

the present invention' uti rinted antenna onto a substrate.
The substrate S¥3MRR.A Brefered dmpl@m%ma@m peee theyaptgpragsinted paid@age

gon§ 2:: gre; 3 ae%c@heﬁcu@ RNt b, caagﬂéﬁétmlonrapglyte@g g@@ag@lentﬁaai&ﬁéq@é%%adge I'n
\) | |
formed 1 n' the aTiteatontasFredl e e saspireh tnTeeiible Ak SEsTRAN: i ve

i nk) a conduct icoaplegttodhe amterinas ulnsddditien,dhig proposéDtaprvideetadid or m ng

Reforring o phaauBnbl RgHREHCH { A RSSEmbled) 1HE chib BSSerhies bRivive,
radi o frequencyor bosding adadlmineqw@cyzldemﬁiqmies tag cirduib chipctgua-aulystrate
i dentificationgg matd @Elddecfwnéu&ivé%tferﬁhwpr)efér?e& EGHa@&wEOpéHbrﬁ“é@“”a

10. 35 Antenna 1 asl s ortion persona
i dentificatd on 'SOd@sqgébemzls fernaa@:e& pr@tlﬂgéketpaﬂsrmam 3 papgr sypsirate 5

package cont ai rmgrng(éu@hdatsm@ |th Toe dmp’éb@@mbly Map Whén BB deearepfo e t he

like. As will al f
radi o frequenciiaRARARTEGH Rl cotpled i I R KiEpy Ut le FeRn, o o
and conductive patt éswilldse dppmldme@l aﬂlgnmed’mfdﬂ@cmhchlprmm ahianéehridt at es
Patent Appl | Cagnﬂ QZBH ihd Sﬂaclé??ﬁ Me B %H Phﬁf%{n &Pth@gutfﬁ g9 an

Article Integr nt enna” ear mg‘l% air sco the
present i n\fent ipveryAnpostant fqu@ﬂﬂ%loﬂ@'at'ﬁﬁlm C'aCldbﬂchNQf@ 'G@'ﬁHYQZ

SLEE?EZ?eUE_)gn he Hﬁ’élﬁlf @ﬁlﬁ rﬂ\ﬁstatiét’ &Iil??}%?“@?ﬁﬁ“ggoﬁﬂ/eoqwn‘lmnngﬁ :‘l’li—'ned
pol yest er mat g?élgf‘?pé}gp Ff'eﬁ] M@iwe P@ %Hﬁéf"p @a‘?‘&tﬂﬂ}?ﬂ

synt heti ¢ papemndiertaehdugtivi patternandowbeet, ltymcaihesmblbguestfhepmmg thel ar

| i ion. S f . f
o0 Formeq on AN ndhie I LoinfRetfe ol Bfd Ba6er ol Hler B ifiaRnaR ' 2°°
first antatha &vikyield edge iolgrancescuriheordenabtelledmrm. Jhis edge telergrnoest
antenna_el ementyidénsinfl l§%ﬁ?@ﬁitr@'ﬁt§ é?'cﬁ‘BB»%h%G @6ﬁtn8u{u% E@ ef roma

conductive material .that 15 bonded rW .S m 8 m 16.
Most pref er abl y“PE%ﬁi?? 9% | ‘PEEa”&ﬁt%ﬁrﬁ?"sr ersinciyding e % g

el ement 26 arepfrmtedaﬂaﬂtqrn?ﬂwd)vamutldngn thellm@t@nsaﬂthelplnateu pattexipl relativeduct i ve
medi um For ex%’m feﬂébon/gr aphi te based conductive ink fornms an
effective conducti ve pa fn 22 when printed onto paper and/or cardboard.
Synt heti c 2hd coat edhpsptheseing r@ledefonannm@rwe@bramgeqbemcsaideaﬂﬁwiqmst .
Silver and ot hggqprecious netal inks may be used particularly for printing
on plastic 25 materials, but are less preferred due to higher materi al
costs. Conductive pattern 22 is shown to have an "H' shape as woul d be

suitable for use in an el ect rOIh@ftlDés@lfmlloth’ﬂth@llDraMngM |1 be appreciate

t hat ot her patterns e s taI for _ex ctive Lin

bo pr it ed w thout - GOBLETTSEXeRBRN Rnaodimea B s inanton A ittt h on
Fi rst ant édtha 20e abeompang%glckaWMgsad which like fefesenceomyrnerags regiesen28 and

second antenna @E‘F@ ormed with a second coupling region 30. First
coupl i ng regi onﬁé anothsegonél ‘coupling region 30 extend toward and are

separated by an aperftiGr 4 iganf d assarnklyvigw of @ radiogfsequendyy t he center
of the H shape identification tag in accordance with a preferred embodiment of the

present invention.
35 FIG. 2 is a cross-section view taken along line 2-2 of FIG. 1.



02 DEC 2002 -7 Wth reference to FIG 1 and FIG 2, circuit chip 12 is
formed with a conductive' pad 38 and a conductive pad 40 arranged for
coupling to conductive pattern 22. As shown, conductive pad 38 and
conductive pad 40 are "bunped" pads. That is) they project outwardly froma
lower 5 surface 32 of circuit chip 12. This is in contrasj, tI?Eé'%:g ce"
pads, which are forned substantially copl.gar wth | ower surface of a
circuit chip. Wen secured to antenna 10, conductive pad 38 electrically
couples to first coldGi Bds nquamuiedSoban anterthacand/er pendutlivel patternaal | y
couples to sec i ;gn 30. As shown in FIG 2, a |layer of
conductive 10 %@ﬂgegﬂf)@oﬁg%@%%égl ayer of conductive adhesive 36 are
respectivel y di spos&dGbétisvedgriar yiewet an enjpagedpodian ¢f thetardenna illugtratayi on
28 and bet vveeni,pp@ugmtf%%@% é]:g:i,%@:@'_econd coupling region 30 providing
on

the el ectrical coupling an Ing circuit chip 12 to antenna 10. In a

preferred érbodi menflef Stsa plaryiew of thecanteana andios qondyrtiveipaliaine is 15

used and accur giutpatePipl FIS! 4 an@firtiRdr 18fmé@iMaddor@anéa With@prefdsedand
antenna 10. Alternative n_ani sot ropi. c adhesi ve may be used but at a

an_a
cost penalty. FM Wﬁﬁléfg\? RESRBLIBYEMYRN- no particul ar preference exists
for the use of bunpédGpéds a crosk-settivar vieuntaken @taliy lirsr16f6a0kF iads and

recessed pads (i . t] . S i 20
surface of ci rg%ﬁ‘*?e“c'ﬂ‘?a@@@ én%jg/p'g%(gﬁ%geg{rr@%ﬂegt% g\oﬁﬁggﬂé%ﬁrﬁggﬁd}ggﬂ%g%@ t he
parti cul arlappla W&ferfﬁﬁ.?embodITﬂéafoanvthEIPée%eiﬂdGV&iﬁmn,- circuit chip 12 may be
advant ageous| y_constractad a/dra8s. el FieRPRRAaFLS FII6 S Mkushpah  Trom

Temi ¢ North Anerica, Inc,, n Rldg$, New Jerse\)/)., In a read only
enbodi nent, an gAY grgfﬂregiqrebp&n@ntﬁ the Rresemt VEREaM Mot or ol a 25 1 ndal a
CSL poration, 33,6‘”78 gﬁghea_t iafc?b@é_@iéctz)rlwvifbw slﬁ'glslr tAFIG &4 tahd elmsgfnﬁitiagtarr?pi c 4
adhesive is adhesi ve, avai l.a rom rporation. e preferre
adhesive is aniazlgm%ﬁip(gefeﬁreph%{pg?glrr&%ﬁﬁél?tgp[q.ﬁel%ﬁg&eﬁo& verti cal
direction thly (FI GFIG) 9 iFherasdeection viewnsimigata Bi&® aodiiliustratiograst al | i ¢
coated m cro- 5'a?t%%é’l@!ﬂg@fe?re‘drbrﬁﬂ?@iﬂw&ﬂ%??I‘T)éfgrééé?ﬂrfv%‘hgﬂﬁ.hat make el ectri cal
ace to a ace 0

contact froma top su > ower sur e an adhesive |ayer.
Electrical contact iFdGndP isradEossrsectianyienssimiar G, 6 apd illystradipg @,
I-e-i :hel pl an%lt_@météq)ra@m?!efﬂbbamnt ngh@pr@amt friveationy beAappl } ed '3 a
conplete layer wi orting across adjacer 0 ors§. referre
Ceotropic adhestve 198: 833 s Sefidh SR EHRRGRERH VA 8hduBBkRY Hrc.
_g_ 02 DEQEOOaltEmateqreferied embodimiantsif dnel present inveatipnesent i nventi on,

and referring to FIG 3, antenna 10" is shown in an internedi ate processing
stage. Antenna 10' represents an internedi ate manufacturing stage of

antenna 10. For cl arit yDetailedeldesariptioarfdha iirefesresl Bmbodiaentso i dentify 5

el ements that are n@adi@MeqekAty idetifiBaticn tdddiif dcebriamRe!vtie préfaged
Referring then toth

G t 0 f d by f t f

preferably be G 'Wﬁr&%Bﬁ@’ﬁg‘g}ggﬁ%‘p'ﬁi’%éﬁ'qporﬁ{ﬁzeo%@U{?rgts?rg?g't‘énég'%% can be
seen, aper25(jreo3llo Iaa&ubstr‘atg/.eﬂ'hbsebsﬁrmr?rméy fomal af parion obaplarticjer agi on 28"
>e : : ' ) . ' t 22" .
10 Fre o5 al so HoRadey & paLkihe Contliner € EREh Swlnif 2HEl o 3 01, 1
f ormi ng conductidentifisationbadge: loa preferrechembodiment ofitbe psesent inventinns e

I d i i I ki id
tol erances an éﬁ@rﬂfnb%bndﬂi@%oﬁﬁé@lmea%@ﬁ?ﬁg%g%ﬂw Bmf %Wy%h{ proviae

addi ti onal insi as tothe advant ages, of, rese @r:ﬁﬂ ntion. Wth
reference to FIdgPOsitingcandyctive iy ¢ uchy@ PAKEH Pmg siibstiaia agd then
conduct i ve3gat t;ﬁéﬁsa? forhing otupling te§iehs it kite canduwitive pattedh relative@tsthd t h
respect to an edge, 42 and an edge 44, respectively, of substrate 16'.

Typi cal |y, the F’fraq'on, respectively indicated as +/- x and +l- y, is on
the order of about -Refef@rirg tofiG ‘eattheddraadngsyshown inedpiaded assamblyt h

reference to FIl§ [ - ; | Y8 " d a sharp
20 line, but i r}&%?a%,rg_&éIffagéﬁ{eﬁaﬁ?%%t&ﬁﬁgﬁgﬁ%qji?i'@%ﬁéﬁgg&g ﬂr‘ée%dlﬁ?{cyof non
uni f or m dryi ng identieatipa tag kiseyit alipt(ccireaitchip™ ddgiecprast td an antennaatf.at i on
of periphesy 4GnteRiAl OB Rey omf the Badis féil 6 a Borti o Ppdisoftaf ehfficatiort. 125
mm Total variation resulting fromboth pattern positlon variation and

bl eeding can range as high as +/- 1.5 mm Significant in this nunber is 25
the fact that circuit chip 12 is 1 mmsquare. Thus, the variation of the
conductive pattern may be larger than circuit chip 12. As a result,
positioning circuit chip 12 to conductive pattern 22 referencing only edge
42 and edge 44 is inpossible. Automated attachnment of circuit chip 12

t herefore requires sophisticated, expensive vision technology to



30 accurately locate the position of conductive pattern 22 on substrate 16.
The alternative to expersive vision automation is nmanual attachnent. Manual
attachnment is tinme consum ng and does not offer the process repeatability

~ of automation. In either case, cost, quality and process efficiency suffers

t remendousl y. _g_ 02 DEC 2002 Wth reference then to Flocjl DR 2%§nna 10
in a conpleted stage includes aperture 3lgfornmed in substrate 16 separating
first coupling region 28 and second coupling region 30. In accordance with

a preferred enbadgerantickdt, & iwaybilk adabel, ayeatkage coafgingétifstich s sbbriomed by

Dol ati v t ocivaRRel Hp@tif SR bP Y. As WTHER tpEPRAY o P e (5"
and reference aotehng 1Gmayralsnferm @'basis fooairadonfeequency itlentifinationdag

Fixture 100 | nekuipenp UsBingl P, ot a8 2oRBHcAiIBaterhd B iadicAnky 104

ext endi ng abov 1 ~alternate positioni, rfangenment may use
pi ns engagPng Intheraferampertionad,United StatgsiRateniApplination@ntittled nRadicocat or

bl ock 102 is aFraji@eeyti@ertifibadion 808G AR afeéd Artdrihaedge 42 and
.or hlock, 104 is

edge 44 providing t suhstrate reference. e |loc

o Sanged 1o endAHRUERRATARD A e Lo shRS; of (1S AT RIBYRTIOe PRSP EBN e
reference for ahtdnmam Mimchpestaicendlictive ptteah 22disposed tpsreapebtrate edge 42
and edge 44. Ahéo secured relative to fixture 100, and shown in FIG 6, is

a punch 108. In~operation, antenna 10" is gositi oned with respect to corner
| ocator bll®ck 102 aMdtreceprtinussaneferepcedk F1G41 osulisirade 16anaybeqrapeds engages

conduct | ve pat peidfc ol it BURBLER aha!Aetabsd pogsterhhaterhh2e/MAERLT O 2

20 punch 108 passes uctive patter su ate 16" and

into button apBAPaF éeinfercedpapelcardnoardy, synhetic paper ceatgd fasdbaardand
coupling regi othefkertiosrionthe pHRicURE dppitatior 0SubbFfeVis incfudesta fitp! i ng
regi on 28 and second,goupling re IOR 30 8“?—' preﬁl se tIo ated,w th respect
{0 edge 42 andSUHgee 18 A Rclrd siece a0, FoBRBR i ikt 0REE 1B Bor o Foui ¢
chip 12 pd$si bkendudtiviespattern @2piatiedinghafirsdantelya diénwntf24r and asegbndg
regi on 28 and e e I i med to

w thin o - . odBiiRceIhelit 250 EUN GOMB! afienhd HdtherodBRgREaORA TOL 10, 1 g
a radi o frequeAbienn@esienent 26iasa a fagmed from accadustive ngedpkthapisef erred
(errbfdl hrrent )s of bbhée@b?%ﬁfénédié{é/ﬁﬁﬁ#eﬂrﬁn §mtssiraaté 1gtz1lm°§ﬂ ;Sr@feﬁlrag | als:eh @a{ ﬁ_mat ion
not shown) nmay he arrange ef erence e nd e ro is
orerence o r Brsteniine Ssmen) 2ead sercndagtenta o oaatekars orbisslhy o
first cou@0 ngpriatingrusi®y arsliitablEoprdntableptondyctieg nedi®®. Adr extampld, e

further appreCEaf]b%‘i’\/é#égbg%bt%agg%lnﬁﬁct_ﬁ(}iésM%SS@E%Eg%%%\ﬁgglﬁé@ﬁ&‘de may be

constructed. Such an®a rovide for

aut omat ed pl ac@REAM 22 whanspiinied onéo paper and/agcaribegre. Synthesicanst i nt head
T2, Hovever | G B S e Srdd oL ol oy o P
vention.  eacRUE ARERUS GUEALYKE 1Gay. R USed PadHini [ ArintBg o lasti
][ranﬁf act ugjang/ assteridlsybatearesless peefgred duertodriging matérhépoﬂdu@d@udibee .

asni on. ccur | (oF coupl 1 n
oo on 30w ¢ nPPREBEE? % sBufle hald ancht EneR Axhatl e sBBRE SR O
chip 12 with r egplectrasiatic:applicatighortwillberappresiate dhatrotbetpatterns meoner ocess.
Thus, th ' ' i ba &g i al

us e pr eSgp&ablg;tﬁnﬁgfé&ﬂéﬁbeléq}i&gétﬂ%ec&@lmgPﬁ%v berinketPRitABL! 2

manuf act uri ng exl | erring t n alternate preferred
embodi ment of OBPARIESERM thaJainscere Pk theripseniiguentiomnf Estanteonar epr esent s

an i nternegy at eldmant 24 isformed Wit fiedt calbRmd fedifn 28ndsé&ddridvantehhged
reference numelfl 2ol 5o HRfmed wifll §'seSond eoupling agich S0 First 0BbIfg” ¥
region 28 and second coupling region 30 extend toward and are
separated by an aperture 31 formed in substrate 16 at generally the
center of the H shape.



15 formed at this internediate stage (as shown in FIG 3). As seen in FIG
7, punch 208 is arranged' to sever conductive pattern 22' and surface 18 and
conpress a portion of substrate 16' without formng a through aperture in
substrate 16'. Fixture 100 is constructed as before and includes corner

| ocat or bl ock 102 and edge | ocator block 104. Button aperqéwﬁﬁé. gos 20
omtted. Punch 208 engages conductive pattern 22' and surtace 18 at the
interface of first coupling region 28 and second coupling region 30

severing conducti ve \Wih referert? toafl®. SluaddFG 13, citcultiohipp o2 g formeenwitiganent .
Punch 208 further cor{})res%@é a porti ntof su&c)ggrate 18' such .thgt an

i ndentation 23f’°f‘guﬁtll P eaﬁﬁf%lf:?ﬂ UGVESH Brﬁaﬁae é%ﬁ %C?'PFQ'@Q 8 from
second coupl i ngondyctive patteragzd. nAs shownpcendisetiveqraat 3® andfcondustivepag! i ng
T 08 " g DAL AR P pRILA IR froh PaRRgL: 10 Sd0P 42

and edge 44 thereby permtting autonmated pracenent of “ci'rcurt chip 12. In
FIG 8, purth 3udgare 32rofnigult chin h2a Thisigda ceatjastded'sudaeet pads, whictc e

conducti ve pat ts forfed SStamidIRSPidhdrakit] RwBrYrate 32 orelenédt émp. 331 in
substrate 16. th reference then t8 F‘Iéré(f;?ld"i in po&g‘ﬁ%tlcgﬂ a radi o
frequency i dentVheR §er¥editoantenna A0q¢ NedPag 3 Hically SQuUBRleSdai nent s
OL th;a presgnt first\wmbgﬁ@,regibhfz& énd:bbrgdtmttzb-ﬁm@bmguymbiesrto(?Ot 16
snown) nma e arran I e e . e SUupst.rate
(edge 42 35 shmron cppbling,fediof 36° Ak Sodtf if B &2 vt Pl oS nay “be
accurat el y10 - mtihegives2 2002 lpyari ofi comsltictive Bdbeside 86i are rpspe@Belt ectrical |y
lod Vi dhesi : , . . 4 40
bt rical Ly coosgeothash ErUuERIPbalIs il il CHARG SOLH 26 5K PIT
coupl i ng regi oPebgeen gondedtive pasLiAPiang sasendrcpling segipa S0spnoyiding theed and
electrically i epafies c%ugiiﬁg iaﬂ_@%rﬂﬁﬂ%gitr&ﬁtlcrﬂistﬁrt@iéiﬂeﬁﬁﬁ qughn @onducti ve

attern 22 and surface 1 nd i.n su rate 16. FIG 10 illustrates still
ot her al t or ndVElepecr P badMaRIGS T RTessn iTver PR anbotoRi AdERVRdS  f or i ng
an ant eg_nalﬂIO dsedrarmn@wmlyaaﬂﬂiefd thoeither camiotmofcitdlit crdpri@sewd s an |
i nternedi at e [ ‘ L r rime
ref erence nuner a%srﬁgér 36uzgg?é%%ggrﬁn%%@ng%tdbégwgﬁ% égﬁgghgbﬁa gl y
formed at this cost penalty. alt shouldgaisg bedated Sradvae particular peyferarioetenists 400
ext endi ng_abovas A oA RS ed s s Pl Slee
| ocator pins erBeRFSeY Wﬂ&%@-ﬁsl%‘é’“‘fﬁ"? B?ﬁ%gofmﬁg%&?ﬁﬁ%q gﬁ@@'". °"€§6¥ ner
Ilzgat ﬁr bl zii:kFlzwﬁfabe odrci'rauigetiiptm)eﬂla;a@e used, edigeteddbasatbapomtostldid (redge

shown in . . e [ . e one

edge of substr ft% 'é‘%’ %Eag’ég&)i ﬁgre%@%ﬂéggﬁﬁiﬁmﬁgfﬁﬁﬁg%ﬁg} ??ﬁ#@gmo IS
a forni ng/ punctadvastagesusly crostiustad fiem & TEMIEhe AT cinsuitiatop 4availagial t o
engage conduct ifyin 3@nie &fmA%%ricaPmcs,@éékﬁﬁ%s Ridde, %waﬁtfag&.anrpéwaaéﬂ

therefromas it ass%s { rou%h cgndugtlv_e E_a E,er a bstrate 16' and
into button ap&te@bediment, anindaladifdcircuif caipdavaliable from Matgralag i n
ﬁ/gbstrate 2%5}6 ?ﬂ@@laaac@mgrameSades%gmﬁfdra&)am@ bewskdng region 130.
reover, first coupi o] : e e . are
precisely | ocated 22:{ RF‘?qﬁngg5&&%@&6@&%@@%@%3@%@%%@ %?%'Fa%g?(i ng
sinplified aut dromn S Eorparationt The prefertéd adhegive iCamisetsopit én thatriich 408 i s
further arrang A ‘ il f b i8No¢2 408
engages substrg'g)g%% Iﬁéﬁ?g%:la izegﬁéalﬂe%&ﬂg@%&lgp%gt fg?le%afggﬁ:égs
conpr essed and Manyaatured o inpluda metallic eeatedIpishersizedinalietvinsdmpe of

shoul der 433. IqyHeRive sTbsbate tifathesesEletiftal EohtabREm A'top surface to a
lower surface of an adhesive layer. Electrical contact is not made in either
of the “x” or “y" directions, i.e., the plane of the adhesive layer. Thus,
adhesive may be applied in a complete layer without shorting across
adjacent conductors. A preferred isotropic adhesive is # 8103 available

35 from Adhesives Research, Inc.



-substrate 116 adjacent aperture 431 and into which first coupling region
128 and second coupling{region 130 extend. Wth reference then to FIG 11,
a radio frequency identification tag 414 is assenbl ed using antenna 110. In
.accordance with preferred 35 enbodi nents of the present invention, circuit
chi p pi ck-and-pl ace -12 02 DEC 2002 aut omation (not shw) ép}éola(a
arranged to reference the edges of substrgte 116 (edge 1 s%own I FIG 11
). Fromthis reference, circuit chip 112 nay be accurately positioned with
conductive pad 138 gbassist ratHeyurderptanding of thelpresemt ifi@dntion, fandst coupl i ng

o second couplSRIMETIC! BaBRteatE1 G g ShowfiTh ab FidiMeBians chodsi, © +*°
coupl i ng regi oatags0 Antenpa ddi eeprgsents andotesmediate raarufatiusimgesiage of her vi a
this manner. ofpennal,; PouIgfty; BRRiUE iefEteReL rEpfer e IS BT, crone

124 10 andSsec8l@mets dhatarenotsampletelyfosped & thg irtermadiate $tAgsk substrat e

116. I'n addi ti mefersihhanend t¢ FiG. 3, JahteAnaB0Nisdorhed BYIfet rnimg préfefabijer eby
reduci ng the thenll.aI for,i substrate 116 during

. becom ng.di sl odged frQ
Lse of Padi'o | PERUBNAG. FdctiVe PARED 240 3astTate oA GAA e seRs,
appreci at ﬁd trllapeaunrmm hasfnmayerb@éfn forohea; aadtfmste;ouminlgbegidhsam@ds O\éer 15
circuit chi . fyr, r Ly, an
referring agai %é?é)ﬁ%%%'f% %8[65'3?% #}ﬁ%ﬁéﬁ@%ﬁ§§h{’$§‘,‘\'§a§?f§%‘ﬂ%y14 i ncl udes
a radi o fri@quency i Héat 3 aiscallustrateadhe manufactoring talgransegrassociatethwitht enna
10. The ant enngyy whl 12 ; t enna
el ement 26 forﬁ%’gﬂﬁ%Hgﬁ&;%?%vgc%ﬁféﬁo@gegg%gggﬁggﬁa"t??%guﬁgﬁﬁ%@antenna
el ement and t hiole@nsaa anditba effect thayhaveren §éi9&'?Fg?t?t§’ anenpadliwil v | ocat ed
by an apert ur epedvide®atgitional ihSight 496 tiee advarebges onthd prefseft invedtion.Fl G 8,

alternative pr@ﬁﬁéegdr er&bgdmngs \(’)f ant enna cl: i Eél Hd&ﬂa first antenna
el ement 24 and BRICE NP a°28VEN WRENEY 8PP ATB S PEREPSER 18 of a
substrat e 156. Toedddtivetpaitere 22awdl wargin batfuthena” aad dptdisedtomsaviti enent are
Sohan ot SRR o OGRLAXRY RLARIBN BLABENE: o Updnde figspect 1 Vel
partial |y into TyRisalyisbevatiationoeppestiveds idigated @ f cand +/ayigginghe
LTl | Coneidasse 10 i satsenoR kBRI L o7 o
antenna. el emenfSIoINERIo 150 doRBNBRGU FROLPUHUANS S BEE 110k ST Ece 13
of a subst20at elid®, buttihstehd, hileedinglhdvfetheaoakdeantive inkras & neswdeofomzh-ant enna
el ement beiNg niform drying causes periphery 46 to have a rough profile. The variation

of periphery 46, indicated as +/- e in FIG. 4, can be as much as +/- 0.125

mm. Total variation resulting from both pattern position variation and

bleeding can range as high as +/- 1.5 mm. Significant in this number is

25  the fact that circuit chip 12 is 1 mm square. Thus, the variation of the

conductive pattern may be larger than circuit chip 12. As a result,

positioning circuit chip 12 to conductive pattern 22 referencing only edge

42 and edge 44 is impossible. Automated attachment of circuit chip 12

therefore requires sophisticated, expensive vision technology to

30 accurately locate the position of conductive pattern 22 on substrate 16.

The alternative to expensive vision automation is manual attachment.

Manual attachment is time consuming and does not offer the process

repeatability of automation. In either case, cost, quality and process

efficiency suffers tremendously.




-13 02 DEC 2002 separated and precisely |ocated by an indentation 31 forned
in the substrate. In yet! another preferred enbodi nent of the present

i nvention, and with reference to FIG 10, an antenna 110 includes a first
antenna 5 el enent 124 and a second antenna el enent 126 forned on a surface
118 of a substrate 116. The substrate is forned to i”C|ugﬁz%mk$%%%§ 416
formed in the substrate. The first antenng.el enent includes a Tirst
coupling region 128 and the second antenna el enent includes a second

coupl i ng regi on 130Withveférense tlenuid FIQ 5, critennan@ in becorepleted! stagpl i ng 10

hperture 431 EMESHpfiie 3] B0t ORI B e aMd fist ool 3,75 ™ 2"
frequency i denteigiorc38iamd seegnd eoupling vegon30: alauai:cbrdaq'mnayh adesafartecat i on
tag circuit Chéﬂ?lbéa@nér?tcé’frtﬁg g?ébéHg iAo aaéétqure s%wﬁaal XN%@Z% o a

first antenna el enen secon enna e enment
surface 118 ofout %eegtqna@fes@fyatmﬂ@ ahaLemer of candugtiyq pater ¢2¢ative 16
formed in subs{daggbgtmea—ecér@néerst coupl i ng regl on 128 and a second

f:ouplt [ ggbr egi on 13?\6\?\ tqeélg‘ﬂ f?r?}ﬁg%er’égﬁsigg 2\f'setrgara #@@d precisely
ocated by an aper C ncy
i dentificati onamtagnanr(bus posrttmmed o afixare 108d Rixturénd00 éncledesaodrries coupl ed

Lo te (1TSt CRUBldModeH 9 BnandoL 16 aRP B CIIPLIRANEUle A PEsd 15!

coupling regio e cou e radio
f requency10den110$| é@tmtﬂinat@gnaltmmmg annngemrtt may us%pmarﬂwse losatart and

the second ant Giiag/sligBiied I e 180 CANERIRARYISEK 702 FbRAAGEA ki ng

a radio frequenc |ca$|on t ag S rate aVI n&]g surtface 1S

I dent I
provided. A co EPQPe baty edge4 §nﬂﬁqgteeﬁ4dﬁ' fdo’ AranckeddmfA4an aperture
is formed in tpevidihgthiabebstedtetrefereiice. aEEYO $bdAAbEDIOEK @ 04TiS @rrahgedadper t ure

S onna. oF eronei096¢ s % I kA, & %ﬂ%ﬁ?@ﬂ‘%%}%?%ﬁ%?éﬁ%eﬁé"& s then
secured 305t o0 fonmmirgibpertartee3 hisdestbblisheidowith yespacp ke ddge 42and edge 44nt enna
el ement and t hgjseconds 4pb Jﬁﬁvr@toef)&[]?é‘tl?o-rﬁ?d SR&NASH FRY. ?}"IE%{ th?d)e(

provide for formng an 1 ndentation and recess I n strate.
advant ages of Itrh@pqmagenanﬁeﬁoeﬁtou isrpegitionadwith sespect do CQTHﬂ"t‘%Qt@hE'OICh the

ability to CO“ﬂOP'and'éHyéslbeato@mbdROﬁmt bﬁ'ba§5 108 ePasresOPEengagEs ed ant ennas
have |imted ttr:]clmsdl.? ?lve patterr(\: tZbyanc?l substrate 16’ shearing a plug 112 therefrom as
20 punch 108 passes through conductive pattern 22’ and substrate 16’ and
into button aperture 120. Aperture 31 thus precisely separates first
coupling region 28 and second coupling region 30. Moreover, first
coupling region 28 and second coupling region 30 are precisely located
with respect to edge 42 and edge 44 making simplified automated
25  attachment of circuit chip 12 possible. It is anticipated that an edge 46 of
first coupling region 28 and an edge 48 of second coupling region 30 may
be formed to within +/- 0.025 mm, respectively, from edge 42 and edge
44,
In completing a radio frequency identification tag 14 in accordance
30  with preferred embodiments of the present invention, circuit chip pick-and-
place automation (not shown) may be arranged to reference edge 42 and
edge 44. From this reference, circuit chip 12 may be accurately
positioned with respect to first coupling region 28 and second coupling
region 30. It should be further appreciated that a single

35 manufacturing/assembly cell may be constructed. Such an assembly cell



02 DEC 2002 performance enhancing technol ogy in radio frequency

i dentification tags. The present invention facili tates the use of printed
antenna technol ogy by overcom ng these tolerance Iimtations. Radio
frequency identification tag cost is reduced while 5 performance is
increased through the use of printed antennas that may beeagid posted to
radio frequency identification tag circuifg.chips. Mnufacturing efficiency
is inproved by the present invention in that radi o frequency identification
tag circuit chwpaldgrevide fok byutomatedplacerhehtyofsstbstrate 46' printimg @dinga a radi o

for the. sconontuiasbitedtpdtufttiveiter 22, BBTRBanarF a1t Befl Taga in
Si ng: gblcgl I | grkpmﬂjiimmpg eirceit chipatuf Howwanggancan@nermﬁ’\ preifeed onmonl y
?r;g: ficati gns %@&ﬂgm‘&ﬁg O?M%%%?%mrﬁgﬁwo%a@f& ?Q?QEYW%??om t he
fai r scopebandc@ppleted imsenasate mumﬁmgiasmblcheaﬁ@é@nggdd Afcussed

above. The scomrﬁgeowﬁrroau%bﬁ nhswrﬁo@pm&@mte fférﬁﬁatrdheomeﬁéﬁiﬁfﬁngl aims. |
claim -15 CLAI Aral%qwg tlgen |dent|f|ct|onta

conprising: a "2 Qraé‘ Lﬁ?ﬁ@?d “t?i’ﬁi'm regten esnectte subst B"tge(ﬁﬁa@g to an
5 antenna, t heamﬁrawacmbndoﬁarwtfampﬂZamremeet toheiseaegionsdiscond

ol ermont 1 sol ot CATRDER AL BLBY IREReBksg INES.HE Ersaifiokebién & orned i n
the subst @t e. advantagedusly pealiides sehpiantial marufacturogtflexbilityg of claim 1,
the first antenna eft@?ﬂﬁg 'té'?\dd’i’gé’%gltéﬂnrafé pﬁéﬂéﬂ%ﬁﬁﬂhﬁgt ?fthe he second

ant enna el enent inc ‘g a secon regl o n ap erture
i sol ati ng the Piesent inyapfiomis $W@nAsﬁm,taﬁger§@:mdeefﬁﬁmtﬁgnr egion. 15 (3)

The radio freqmrmeduﬂe%aﬁu@@turn@ étage@ffaﬁ{efnrfa?o Fbeclfant;ﬁtprmuol i ng
region and the

frequency |deniq%?%g‘ggﬁﬁl,%?rg&n%e&%f% rarf?rj_a % %eh&‘a? @%@ radi o

i denti fi cdbi onfdrmgdcdt thisanterthedtdtie svaw ¢asrshom1 i’ndFl@cB)r eﬁlsa$eem|ntEJ|Ga 7,
substrate 1 ef oLahtea0k N aliiebdi ColdSUANE,L BERLH SEUNPL AR P pfb! ™ 1

t he ant enna be a conduc ern prin sur ace
substrate. 25 e@mpm a Edﬂ@m¢fe&!|lb§tfé§e 1 dewithautdatmiog a tgough apartrielin a

gﬁpgutcg i ;’ﬁeag:‘]&gt?]égété%m FieureMo 0 RUonstrieRideas Hefor® BhUfihdadéoBofr@ Circuit

}ocator block 102 and edge locator block 104. Button aperture 120 is

20 omitted. Punch 208 engages conductive pattern 22' and surface 18 at the
interface of first coupling region 28’ and second coupling region 30’
severing conductive pattern 22’ and surface 18 at the point of
engagement. Punch 208 further compresses a portion of substrate 16’
such that an indentation 231 is created separating first coupling region 28

25  from second coupling region 30. Again, very precise location of first
coupling region 28 and second coupling region 30 is obtained with respect
to edge 42 and edge 44 thereby permitting automated placement of circuit
chip 12. In FIG. 8, punch 308 is arranged with a bladed edge 330 to
better pierce conductive pattern 22’ and surface 18 for forming an

30  indentation 331 in substrate 16.

With reference then to FIG. 9, in completing a radio frequency
identification tag 114 in accordance with preferred embodiments of the
present invention, circuit chip pick-and-place automation (not shown) may
be arranged to reference edge 42 and edge 44 of substrate 16 (edge 42

35 shownin FIG. 9). From this reference, circuit chip 12 may be accurately



(7) An antenna for a radio frequency identification tag conprising: 30 a
conductive pattern printled on a surface of a substrate and an aperture
formed in the substrate separating the conductive pattern separated into a
first antenna el enent and a second antenna el enent. (8) The antenna of
claim7, the first antenna el enent including a first 35D@%“2%%”%06§9i0” and
t he second antenna el enent including a sqgond -16 02 2 coupling
region, the first coupling region and the second coupling region defined by

the a!gertuge- ;(c_&)itlioﬂw Withh @Eﬁ@u&fve%a’ﬂ 88 Gledtficalgoepha vf/iaraﬁmfsi@ wtditpnkoI
one OT an ariicl e, .a packa a, packadge con ner, .an, envel ope, a U1l CKet,
S raybi 1T, a" rpEsSunRg RERIA R, afd BRRHRCH e 20 e ettt v of ol arm
f7) t hekapert uraadffesni\?aeBB tesatoncecouplingreliniv 30.eFiref coupting .redidn(28Land et hﬁd
or makling a r : tL1l J t I ng the
steps of: lpr ovﬁ?ﬁ& %%gﬂﬁ@t? %{%{Pg%@aé/{erpggélsgﬁﬂbg%gg %ﬁ ﬂgl‘gﬂ%ggy@sorgrﬂ%égt [ ge
pattern ondt hevigindentation 831 extendingithrapgh candudtivetpattesn@2t arxt surfadent i ve to

a substrate re‘f@éﬁ&%o JduBStrafeié ure separating the conductive pattern into
a first antenna el enqent anci a secgond antenna elenent; and electrically

coupling a radio frigidfclusteatas still apethen altapnate peefefrediprpbediment ofj r st
ant enna el ementhegitdséitandatnfor ARG afl fiteima 120 flok? anTden®d hod of claim
11, wherein the step of printing a conductive.pattern c ri ses rinting a
first antenna A93NeArteang 10 RAERENS AMRmMAdiaE mapyasiiing Stade o o
coupl i ng t@gi cantendad 18¢and forcsianityi pdmedgeterencedutriesalstarp uskdftor m ng an
ogi on and ¢ oS LRt iy BREhot iomealr R %ﬁ&&fﬁsférﬁ@ﬁaﬁ%%ﬂ% |
CACAF . Ay. AyY . (apdas stiowa in Ej(g.zﬁ). g’=ixture 400 includes corner locator block 402
and an edge locator block (not shown) extending above a base 406. An
alternate locating arrangement may use locator pins engaging holes/slots
15 formed in substrate 16’. Corner locator block 402 is arranged to engage
two edges of substrate 116 (edge 142 shown in FIG. 10) and the edge
locator block is arranged to engage one edge of substrate 116 as
described. Also secured relative to fixture 400 is a forming/punch 408.
Punch 408 includes a punch portion 410 arranged to engage conductive
20 pattern 22’ and substrate 16’ shearing a plug 412 therefrom as it passes
through conductive pattern 22’ and substrate 16’ and into button aperture
420. In this manner, an aperture 431 is formed in substrate 116
separating coupling region 128 and coupling region 130. Moreover, first
coupling region 128 and second coupling region 130 are precisely located
25  with respect to the edges of substrate 116 making simplified automated
attachment of circuit chip 112 possible.
Punch 408 is further arranged with a shoulder or forming portion
424. As punch 408 engages substrate 16, a localized region 418 of
substrate 16’ is compressed and formed to substantially correspond to the
30 shape of shoulder 424. In this manner, a recess 416 is formed in
substrate 116 adjacent aperture 431 and into which first coupling region
128 and second coupling region 130 extend.
With reference then to FIG. 11, a radio frequency identification tag
414 is assembled using antenna 110. In accordance with preferred
35 embodiments of the present invention, circuit chip pick-and-place
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116. In addition, circuit chip 112 is maintained below surface 118 thereby
reducing the potential for it becoming dislodged from substrate 116 during
use of radio frequency identification tag 414. It shouid also be
appreciated that a potting material and/or a cover may be disposed over
16  circuit chip 112 thereby offering further protection.
In summary, and referring again to FIG. 1, a radio frequency
identification tag 14 includes a radio frequency identification tag circuit
chip 12 secured to an antenna 10. The antenna includes a first antenna
element 24 and a second antenna element 26 formed on a surface 18 of
20 asubstrate 16. The first antenna element and the second antenna
element are separated and precisely located by an aperture 31 formed in
the substrate.
Referring to FIG. 7 and FIG. 8, alternative preferred embodiments
of antenna 10 include a first antenna element 24 and a second antenna
25 element 26 formed on a surface 18 of a substrate 16. The first antenna
element and the second antenna element are separated and precisely
located by an indentation 231 and 331, respectively shown in FIG. 7 and
FIG. 8, formed through the surface and extending partially into the
substrate.
30 With reference to FIG. 9, a radio frequency identification tag 214
includes a radio frequency identification tag circuit chip 12 secured to an
antenna 10. The antenna includes a first antenna element 24 and a
second antenna element 26 formed on a surface 18 of a substrate 16 with
the first antenna element and the second antenna element being
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separated and precisely located by an indentation 31 formed in the
substrate.
In yet another preferred embodiment of the present invention, and
with reference to FIG. 10, an antenna 110 includes a first antenna
5 element 124 and a second antenna element 126 formed on a surface 118
of a substrate 116. The substrate is formed to include a recess 416
formed in the substrate. The first antenna element includes a first
coupling region 128 and the second antenna element inciudes a second
coupling region 130. The first coupling region and the second coupling
10  region extend into the recess and are separated and precisely located by
an aperture 431 formed in the recess.
With reference to FIG. 11, a radio frequency identification tag 414
includes a radio frequency identification tag circuit chip 112 secured to an
antenna 110. The antenna includes a first antenna element 124 and a
15  second antenna element 126 formed on a surface 118 of a substrate 116.
Antenna 110 also includes a recess 416 formed in substrate 116 and a
first coupling region 128 and a second coupling region 130 extending into
the recess and separately and precisely located by an aperture 431
formed in the recess. A radio frequency identification tag circuit chip is
20  secured in the recess and is coupled to the first coupling region and the
second coupling region. The first coupling region and the second
coupling region thereby couple the radio frequency identification tag circuit
chip to the first antenna element and the second antenna element.
In accordance with a preferred method of making a radio frequency
25 identification tag, a substrate having a surface is provided. A conductive
pattern is printed on the surface, and an aperture is formed in the
substrate relative to a substrate reference, the aperture separating the
conductive pattern into a first antenna element and a second antenna
element. A radio frequency identification tag circuit chip is then secured
30 to the substrate and electrically coupled to the first antenna element and
the second antenna element. The method may alternatively provide for
forming an indentation and/or a recess in the substrate.
Some advantages of the present invention are now discussed.
Limitations in the ability to control dimension and position
35 tolerances of printed antennas have limited this cost effective and
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accurately secured and coupled to a radio frequency identification tag

10  antenna.

The present invention also allows for the economical manufacture
of radio frequency identification tags in single cell or multiple cell
manufacturing arrangements using commonly available pick-and-place
automation.

15 Many additional changes and modifications could be made to the
invention without departing from the fair scope and spirit thereof. The
scope of some changes is discussed above. The scope of others will
become apparent from the appended claims.
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10 (2) The radio frequency identification tag of claim 1, the first antenna
element including a first coupling region and the second antenna element
including a second coupling region, and the aperture isolating the first
coupling region and the second coupling region.

15 (3) The radio frequency identification tag of claim 2, the first coupling
region and the second coupling region arranged for coupling to the radio
frequency identification tag circuit chip.

(4) The radio frequency identification tag of claim 1, the aperture
20 formed relative to a substrate reference.

(6)  The radio frequency identification tag of claim 1, the antenna being
a conductive pattern printed on the surface of the substrate.

25 (6) The radio frequency identification tag of claim 1, a conductive
adhesive coupling the radio frequency identification tag circuit chip to the
antenna.

(7)  An antenna for a radio frequency identification tag comprising:
30 a conductive pattern printed on a surface of a substrate and an

aperture formed in the substrate separating the conductive pattern

separated into a first antenna element and a second antenna element.

(8) The antenna of claim 7, the first antenna element including a first
35  coupling region and the second antenna element including a second
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(11) A method for making a radio frequency identification tag, the
method comprising the steps of:

providing a substrate having a surface;

printing a conductive pattern on the surface;

15 forming an aperture in the substrate relative to a substrate
reference, the aperture separating the conductive pattern into a first
antenna element and a second antenna element; and
electrically coupling a radio frequency identification tag circuit chip to the
first antenna element and the second antenna element.

20
(12) The method of claim 11, wherein the step of printing a conductive
pattern comprises, printing a first antenna element and a second antenna
element joined by a first coupling region and a second coupling region,
and the step of forming an aperture comprises forming an aperture

25  separating the first coupling region and the second coupling region.



