WO 03/ 077361 PCT/US03/03426 SP ECI FI CATI1 O N MCROSTRI P ANTENNA
FOR AN | DENTI FI CATI ON APPLI ANCE FIELD OF THE I NVENTION 5 [00011 The field
of the i rwerBioorer el ates generally to antennas for identi fPCTatSO®mB3426
appl i ances such as wistbands, and in particular to a mcrostr ip antenna
or patch antenna for identification appliances such as wi stbands.
BACKGROUND OF THE | NVENTI ON [ 00021 This discl osure contenpl ates an i nproved
identification wistband, bracelet, 10 patch, headband, neckl ace, card,
sticker, or other wearable appliance, which for the sake of conveni ence,
are collectively referred to as a"band" or as an "identification
appliance". ldentification bands have becone a conveni ent and effective way
of identifying people w thduP BerGraihngntl yCnér Ki nh ®h&in A principle
advantage of a band is that it is ultimtely renovable. ldentification
bands typical | y MICROSTRIP ANTENNAIRORAT TDENEIFI A TTON APRLIANGED
greater than its wdth, and a closure or securenent device for attaching
and mai ntaining the band securely around the wearer's wist. A portion of
the band nay be used for inprinting or otherwi se attaching identification
or other information regardin%q% 2 s, radio frequency
identification (RFID) devices be used to store and

transfer inf tiogn ciated with 20 the band and the associ ated person
or obj ewEtt . qﬂﬁf‘" xar%ﬁ?gi,s‘?ﬁ%ﬁ:tge geenisrelatey graerally ko gatenygs fonidspfieationi n t he

frequency in the range 30 kilohertz (kHz) to 300 G gahertz (GHz). Various
band const rapplifanes sucht asawtisteands, anddn pattienlaf td migestripcnteinagr pateh shtenmge of

el ectronic data and RFID functions are described, for exanple, in Penuela
U. S. Pat entfoilidéRi&#d% 4gpHarieed $UdhR8 MaB AR ds.

BACKGROUND OF THE INVENTION
[0002]  This disclosure contemplates an improved identification wristband, bracelet,
10 patch, headband, necklace, card, sticker, or other wearable appliance, which for the sake
of convenience, are collectively referred to as a “band” or as an “identification
appliance”. Identification bands have become a convenient and effective way of
identify'ing people without permanently marking them. A principle advantage of a band
is that it is ultimately removable. Identification bands typically consist of a flexible wrist
15 strap having a length greater than its width, and a closure or securement devic.:e for
attaching and maintaining the band securely around the wearer’s wrist. A portion of the
band may be used for imprintin% Sf_ptherwise attaching identification or other
information regarding the wearer. Bar codes, radio frequency identification (RFID)
devices and the hlike may also be used to store and transfer information associated with
20  the band and the associated person or object; For example, RFID devices includes those
which operate in the frequency in the range 30 kilohertz (kHz) to 300 Gigahertz (GHz).
Various band constructions,' attachments and other features including the storage of

electronic data and RFID functions are described, for example, in Penuela U.S. Patent



No. 5,493,805, Msher U S Patent No. 5,457,906, Msher U. S. Patent No.
5,973,600, Beigel U S Patent No. 5,973,598, Beigel U S Patent No.

6, 181, 28AvoRawenson U. S. Patent No. 5,479,797, and Pet er ®en/uso8B034Bat ent

No. 5,581,924. [0003] Bands are advantageous over other forns of ID cards
containing data (such as 5 credit cards, tickets or the like) since they
can be attached to the wearer physically securely. As a result, current
uses of identification bands include patient identification in hospitals,
clinics and other |ocations; access in amusenent parks; tenporary security
nmeasures, facility access control, and ticketing and entitlenent functions.
[ 0004] One inportant use for identification bands is patient identification

and 10 locati i hh itals, pCliNi;CS [ in
conj unct i ot v SERhGA R pEer G AR SRb-LPE: PR NOER7EES,

coll ected el ectronically_and used by the nedical I erf ce of
their duti d3sig@idBnRatertdionsh ¥ 3398 Beigehb)s. Patent @ea@iﬁgm%l{ﬂ’%éﬁ%aﬁgﬁa%&h
as convicts in a prison. [0005] Identification bands provide information
si nply, forNexa4isl, 27, byd Retpesos &hS. 1Paterit Nealb)5811984di ng printed i nfornmation,
or scanni ng barcode information, on the band or by electronically reading

i denti fi catjigpp3j Nf Wafied dreRd{Arddedis bed oiber tfhiens FaMt dakdscavintaninpaath (suchass,
barcodes, RFID devices and the Ti ke are used to enhance the information

L Or 202 o eflEbflad RRAL SE 1Rk HACTRLY Ol 8530chal Retnphichrdpfyliaigy and the

associa?ed person d6r 0 n an tdentification” ban
n to anot her

ot hor  deviFERED s BESEIGReRt et IR Sy Bae PRGSO B oo
transm ssion. [0006] Information is stored electronically in a transponder
or RFI D "t dapsprals, dlinigs and other bmatqmrs eacertiTy auniygmeniesks; tPROTAE SESHITYs
communi cated to a tag "reader." Communi cati on between the RFID tag
measures, facility access control, and ticketing and entitlement functions.
[0004]  One important use for identification bands is patient identiﬁcation and
10  location in hospitals, clinics and other locations. When used in conjunction with an
appropriate reader, patient information can be collected electronically and used by the
medical staff in performance of tf\xeir duties. Another example is to track the location of
personnel such as convicts in a prison.
[0005] Identification bands provide information simply, for example, by a person
15  visually readihg printed information, or scanning barcode information, on the band or by
eleétronically reading identification information transmitted by the identification band.
Thus, barcodes, RFID devices and the like are used to enhance the information storage
and data transfer of information associated with the band and the associated person or
object. However, when an identification band transmits information to another device or
20  receives information from another device, the accuracy of the information may be

compromised by poor transmission.

[0006] . Information is stored electronically in a transponder or RFID “tag” and that



and reader is by the transm ssion and reception of electromagnetic (EM
waves, and each nmnust have an antenna to convert electrical signals to EM
waves andweios®7mser sa. [ 0007] Low power RFID systens can op€Tatse3/aseés a w de
range of frequencies, 5 including the high-frequency (HF) through

super - hi gh-frequency (SHF) radi o bands, roughly 3 Megahertz (MHz) to 6

G gahertz (GHz). The performance of an RFID tag operating in the high
frequency (HF) band, for exanple at 13.5 MHz, is generally not affected by
the tag's proximty to the human body. This is desirable for RFID tags used
in identification bands. Coupling between the tag antenna and the reader
antenna is 10 primarily by the magnetic conponent of the reactive near
field, in which the tag antenna is configured as a coil in a resonant
circuit. Howoanation is pemnpuinicataddo Baagl ieadesi”x Comahmgcation beevagn ithe RATIR kegrust

i nclude an antenna, while the wavel ength at 13.5 MHz is 73 feet, and it is
wel | known thdteadatie byalse idrisedissidrearal eb€gtionfofaliciromagictia (BOY)RYSRY} 4hd dach

| i near di nensions are very inefficient radiators and receptors. As a

result, themisehile ahaaa%mgio oo eRREICH 4P BioHRY tJ’El\/I’\%r?:esl Vit 200 somet i mes

can be just a few inches fromthe reader ~antenna. is s a significant

di sadvant ag i.ch i m e useful ness of HF tags in identif.ication
bands and n&Wéndeﬁ%ﬁgﬁeﬁgﬁ@ﬂ%?m? 8?‘“%RF&%P&?WW?c%er?%n#é?eqlu%‘a?ﬁ’on or

i ngress/ egress al arm_ appl.ications. [0008] RFID systens may al so operate at
much hi gher HeHuBHE TGSt TPRRGHURE) Troongliseper High Traugrcy; (YA eadio SRS, y of
400 MHz, 915 MHz, 2.45 GHz in the ultra-high frequency (UHF) band and 5. 88
GHz in the 8hEhbahMegaherth@4HzY toelUmabers (Gl AMHengrioatawervfiah R EIBgagnd.
reader antennas is by the radiating far field, which is the 3 WD 03/077361
PCT/ US03/ 036?@:atiﬁ% Riche BigaORGfulticy( EN)) BARN Sfok BdmHlE @PPOSNVETZ, QY BéncdhlB) Adices of

nore than a few wavel engths. These frequencies corr esponcf to waveél engt hs
from 30 i nchfg.dP¥Pelads proximity to the human body. This is desirable for RFID tags used
in identification bands. Coupling between the tag antenna and the reader antenna is
10  primarily by the magnetic component of the reactive near field, in which the tag antenna
is configured as a coil in a resonant circuit. However, a typical wristband is six inches in
length, which must include an antenna, while the wavelength at 13.5 MHz is 73 feet, and
it is well known that antennas which are a small fraction of a wavelength in linear
dimensions are very inefficient radiators and receptors. As a result, the useful range of
15  operation may be very limited and sometimes cén be just a few inches from the reader
antenna. This is a significant disadvantage which may limit the usefulness of HF tags in
identification bands and may render them unusable, for example, in personnel location or
ingress/egress alarm applications.
[0008] RFID systems may also operate at much higher frequencies, including
20 operation at or in the vicinity of 400 MHz, 915 MHz, 2.45 GHz in the ultra-high

frequency (LjHF) band and 5.88 GHz in the SHF band. At these frequencies, coupling

between the tag and reader antennas is by the radiating far field, which is the



i nches, which are nuch nore suitable, in terns of efficiency, for antennas
in a band or other structure of conparable size. As a result of the nore
ef fi ci entwerB®nmsas, operation 5 at these frequencies nmay PETUISH3/DII26
substantially higher ranges, typically up to ten feet or nore. However,
conpared to the HF band, the radiation and reception of EM waves at these
hi gher frequenci es bands are affected nmuch nore strongly by obstacl es and
materials in the i medi ate environnment of the antenna as a result of the
shorter wavelengths. In particular, a |oop or dipole antenna, operating on
or adjacent to the 10 human body, for exanple in a band, wll be severely
detuned and possibly rendered inoperable, with a commensurate degradation
of the conmmupication i Thus, the usability of these antennas in

i denti ficat F%ﬁ"‘bﬁﬁ%@%@ﬁ@ﬁﬁ"ﬁ that prepagptey oyer %ﬁ?‘gﬁeﬁ Pﬁm%%ﬂhan[acfewgl The

af orenentioned ant enna_det uni ng and communi cati on degradati on problens are
di rectly at tavelgeghs.e These fiequereies eorzaspamd fosvivelengthstirane 36fincheadbyn to 2
obstacles) 15 | oop or dipole antenna nornmally radiates EM energy in

opposi te di iehes, wisch Betmuchhroreanitalile, in edmstofeffitidicacor ahteAnilifRbaaady, the
reactive near fields (the electric and magnetic fields closest to the

! ( . >  spmt ch
antenna) ar gt sthRuire df B¥mpAaLRUIRN Ad asxv%ﬁllﬁé ﬂfi@? e .eﬁfh%{f%fl%@&sg ggépaﬁ&g ¢

bet ween the antenna and the circuit to IS 1 mre nect ed.
This msma f I vel et unes t.h enna and reduces the anount of EM
ener gy Pad o e Ao uRhg Fehay Rl el BReanetn b P tp Geh Pt o
Therefore, there.is a need for an inproved antenna for an identification
band. 4 WOMSE:0F9NEVErSem fogse 18" bagd o radiztonand resaptioniocBEM G@ves atA
mcrostrip or patch antenna for an identification appliance,. such as a
wri st band, Hesgligher frqsaentics bandd braaffectedohichovoremtionglydayr ohstaxldsakdr , or
ot her wearabl e appliance, conprises a conductive patch |ayer, a conductive
ground | ayematenidlsdn diecinfatédiate environment of the antenna as a result of the shorter

wavelengths. In particular, a loop or dipole antenna, operating on or adjacent to the

10 human body, for example in a band, will be severely detuned and possibly rendered

inoperable, with a commensurate degradation of the communication link. Thus the

usability of these antennas in identification bands with RFID capability is very limited.

[0009]  The aforementioned antenna detuning and communication degradation

problems are directly attributable to the fact that an isolated (free of nearby obstacles)

15 loop or dipole antenna normally radiates EM energy in opposite directions. But, when on

or near the surface of a human body, the reactive near fields (the electric and magnetic

fields closest to the antenna) are distorted by the human tissue, causing an impedance

mismatch between the antenna and the circuit to which it is immediately connected. This

mismatch effectively detunes the antenna and reduces the amount of EM energy radiated

20  inthe direction away from the human body.

[0010]  Therefore, there is a need for an improved antenna for an identification band.



5 layer in between the conductive patch and ground | ayers. The mcrostrip
antenna is nounted to or disposed in the identification appliance, where
pr ef er ablwotoa@7senducti ve ground |layer is closest to thePaydarsozod2é he
conductive patch layer is furthest fromthe user. [0012] Oher systens,
nmet hods, features and advantages of the invention will be or wll becone
apparent to one with skill in the art upon exam nation of the follow ng 10
figures and detailed description. It is intended that all such additional
systens, methods, features and advantages be included within this
description, be within the scope of the invention, and be protected by the
acconpanyi ng cl ai ns. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013] The
conponents in the figures are not necessarily to scale, enphasis instead
15 being pl aced upon ill ustrS8UNMMARY QFTiH BI¢ENGIONhe i nventi on.
Moreover, in the figures, |like reference nunerals designate correspondi ng

parts thr O%ﬁp?’ﬂt t t&em?d'ra‘)étﬁ? 80 batéh 8¥fenna fdPWe KRAtifibatlon Appliksceduchals aal ways
have |i ke reference nunerals. Mreover, all illustrations are intended to

I
convey concept er el atiyve siz i
attributes %ﬁ?ﬁ‘g@wﬁﬁcg@{’ rpﬁgzédhesagﬁﬁnrgz?‘ ?%“3 5§ eﬁta? ef'g{i%g{i olrﬁg{ee?gdle?%b%er
precisely. 20 [0014] FIG 1 is a hi gg | evel bl.ock di agram repr.esentation
of an exanpipeliakasoeRthRites 41CoRAGHYS PR dpYeR e RONATHLE &R V?raar%gea ﬁfnlteﬁ &
mcrostrip antenna. [0015] FIG 2 is a representation of an exanple
enbodi ment laferdn betteeh ithd comdizctivetpatch ang grugidayery.3Ehe POTOSIDPINEEIAS &5
--contai ni ng comruni cation circuit conponents, such as those for a RFID

circuit, Wihginte@icormsp¥sedin e idwtificatctcipplisncept/heregirefefDO B chhdictBei s a
schematic representati on of another exanple enbodinment of a mcrostrip

22} Srma W T8 BRI CRREL: 98 i dsEMddd: th%&rﬁﬁcﬁﬁypi%@h 1alyeF isRiARdt GomAthRinkd. 5
[0012]  Other systems, methods, features and advantages of the invention will be or
will become apparent to one with skill in the art upon examination of the following
10  figures and detailed description. It is intended that all such additional systems, methods,
features and advantages be included within this description, be within the scope of the

invention, and be protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]  The components in the figures are not necessarily to scale, emphasis instead
15  being placed upon illustrating the principles of the invention. Moreover, in the figures,
like reference numerals designate corresponding parts throughout the different views.
However, like parts do not always have like reference numerals. Moreover, all
illustrations are intended to convey concepts, where relative sizes, shapes and other
detailed attributes may be illustrated schematically rather than literally or precisely.
20 [0014] FIG. 1 is a high level block diagram representation of an example

embodiment of an improved identification appliance with a microstrip antenna.

[0015]  FIG. 2 is a representation of an example embodiment of an identification band



[0017] FIG 4 is a schematic representation of yet another exanple

enbodi nent of a mcrostrip antenna with a comrunication circuit, which may
be, for ewemplogi3sa RFID chip. [0018] FIG 5 is a schemat PCTrsps/emient ati on
of anot her exanple enbodinent of a 10 microstrip antenna with a

communi cation circuit, which may be, for exanple, a RFID chip. [0019] FIG
6 is a schematic representation of still another exanple enbodi nent of a
mcrostrip antenna with a communi cation circuit, which nmay be, for exanple,
a RFID chip. 15 [0020] FIG 7 is a representation of an exanpl e enbodi nent
of a two-ply identification band. [0021] FIG 8 is a representation of an
exanpl e enbodi nent of a mcrostrip antenna built into the securenent
portion of an identification appliance. DETAILED DESCRI PTI ON OF THE
PREFERRED ENBURIMVEB\TSImADichigpdicuisonyedents, subh gs tpee fdriadRFiDeircuif) &/higdani ng
of "in," whether alone or in a conpound such as "therein,"” includes "in"
and "on"; " medinoudtediniecieledfohiatdriaft i on" and "RFID' refer to
identification by radio frequency conmunication. 6 WO 03/077361

PCT/ US03/ 03{@f1e6]- [ PRZ3LisH s@hen]ratlcgg leEeql?e{tﬁﬁlecg{aﬂHht%p F)ga{rﬁ;ég SE}X?,%@’E%%{ of )

enbodi nent of an identification rance 10 conta

ant enna 30 art thereqf. The mcrostrip anptenna 30 js preferably a
patch ant en%ﬁ?r% ﬂ“&eé’ﬁl?i“flﬁb%f%ﬁ?“%‘ﬁﬁtv‘?%wﬁmﬂwg@%y ¢ dorexsmwlae RER ryi ng
a communi catjon circuit 32, such as a RFID circuit. The conmuni cation
circuit 2 5 8Pmay be adapted to communicate with any type of system

network, or device and may use any communication protocol, including
Bl uet oot h ol0OEHE 8RIL. #lis akchenmaicaepresentation of yet another example embodiment of a

microstrip antenna with a communication circuit, which may be, for example, a RFID
chip.
[0018]  FIG. 5 is a schematic representation of another example embodiment of a

10 microstrip antenna with a communication circuit, which may be, for example, a RFID
chip.
[0019]  FIG. 6 is a schematic representation of still another example embodiment of a
microstrip antenna with a communication eircuit, which may be, for example, a RFID
chip.

15 [0020]  FIG. 7 is a representation of an example embodiment of a two-ply
identification band. ”

[0021] FIG.8isa representation of an example embodiment of a microstrip antenna
built into the securement portion of an identification appliance.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 [0022]  Asused in this specification, the meaning of “in,” whether alone or in a

compound such as “therein,” includes “in” and “on”; “radio frequency identification” and

“RFID” refer to identification by radio frequency communication.



i nformati on about the Bluetooth protocol, see the internet website at
http://ww. bl uetooth.com In this enbodi nent as a band, the identification
appl i ancewd®3/0771361 udes a structure 20 that is suitabl e toPoa/usos/ms4by,
attached to, or carried by a person. 10 Preferably, the identification
appliance 10 is a wistband and the structure 20 is an elongate, flexible
wristband material. For exanple, the structure 20 may be an el ongated
flexible strip of polyneric, paper, or organic substrate. However, the
identification appliance 10 need not be attached only to the wist of a
person as it can be attached to the wist, ankle, neck, or other part of a
person or animal, or to an object. 15 [0024] The identification appliance
10 also includes a microstrip antenna 30. The mcrostrip antenna 30 may be
separ at el y - #0028]hedFIG. It e representation of @n exampleegrtadidernitof en idratifiedtasy r oni c
circuits in the identification appliance 10. The mcrostrip antenna 30 may
al so  Dbe CO%@EM&E 40 odhlathife 4 herobkip aRfdnfA 8d ash petitherbstarThesnictdsatp artensial |
bend. Exanpl of flexible printed circuit boards are disclosed in U-S.

Pat ent Nos. ,5,.809,.3 6 0 a ; : 1.G. j t enna
30 conpri seQ%dS P@EGI%X&PC&@‘%I %‘g'?'erqﬂ Egc,%nﬂ lg%ﬁonﬁéha%%qr e agra%i%léﬂtuge 20; a
"patch" or conductive patch.|ayer. 22, a, bot condycting | aver 24 i.ch
acts as a grauKies coRanuRFHion %‘ic&tgétﬁch aﬁﬁ#ﬁ;{ﬂ)a‘im?g' ?Heggpﬁ%u c_a%%éﬁ'f@mg
conductive 7 WO 03/077361 PCT/US03/ 03426 patch and ground | ayers y al so
be ref er¥ ed 32onasbpadapteddn ¢omrominstewith gy Bips.of SysteRaRRHPIK, of ARVIS £ i p
antenna 30 conprises a netallic conductive patch layer 22, a dielectric

| ayer 26 andsaafly eetishupicatién Brbtocas Seutiding Bludtoothior HER 8A2.11THer moruct i ve
patch | ayer 22 and conductive ground | ayer 24 may be fornmed of any

conducti ng §nf%?xh§ﬁ+xﬁ£%lﬁ&i% BR6RoHAREHEs] Y& thatREmebychsenrde of a different
. e

conducting materra conducting maferial includes, for exanple,
conductl ve T dal Sl o8 KAy L2y T gk bR
includes a structure 20 that is suitable to be worn by, attached to, or carri(ed by a person.

10 Preferably, the identification appliance 10 is a wristband and the structure 20 is an
elongate, flexible wristband material. For example, the structure 20 may be an elongated
flexible strip of polymeric, paper, or organic substrate. However, the identification
appliance 10 need not be attached only to the wrist of a person as it can be attached to the
wrist, ankle, neck, or other part of a person or animal, or to an object.

15 [0024]  The identification appliance 10 also includes a microstrip antenna 307 The
microstrip antenna 30 may be separately attached to the structure 20 or integrated into the
electronic circuits in the identification appliance 10. The microstrip antenna 30 may also
be constructed with a flexible printed circuit board so that it will bend. Examples of
flexible printed circuit boards are disclosed in U.S. Patent Nos. 5,809,361, 6,210,518 and

20  4,677,528. The microstrip antenna 30 comprises a top conducting layer 22, which may
be referred to as a “patch” or conductive patch layer 22, a bottom conducting layer 24

which acts as a ground plane, and a dielectric material 26 in between. The conductive



deposited, or otherwise forned to create the conductive patch [ayer 22
and/ or the conductive ground |layer 24. O course, wth any of the

enbodi nenwe,030hBer el ati ve size 10 difference between the ®amdsos/ddses patch
| ayer 22 and the conductive ground |ayer 24 rmay be changed. For instance,
t he conductive ground |ayer 24 may be larger than the dielectric |ayer 26
and may extend further along the structure 20 than illustrated in FIG 1.
In fact, the conductive ground |ayer 24 may extend all the way around
structure 20. Further, the thicknesses of the conductive patch | ayer 22,
dielectric layer 26 and 15 conductive ground | ayer.24 may be vari ous

t hi cknesses. The dielectric layer 26 may conprise any dielectric material,
including foam plastic, air, or a corrugated plastic. The conponents of
the nicrost piteh &t gonad B@eﬁrrﬂa)pdlﬁf b mifiéryedcioras patchdind gramdadddectons. t he
structure 20. [0025] The microstrip antenna 30 can be manufactured in many

ways, but 40 lﬁlg%@'iﬁ@:lo\étrf 'Eérﬁﬁ@@@oﬁ‘f g% Metalliceebndutttvd fatdiolayer 22ater i al
havi ng copper ii ding on oth sid Igbre specifically, the mcrostrip

ol anar i ol SEIHE g A0 A gl P PefibieEiiql W‘%ﬁ%ﬁ%fe%%&mg °

03/ 077361 PCT/ usS03/ 03426 c| addl n o({1 one enti e Si dg g 4 gler whi ch
forms a grob#eh jAyshe2 sud u‘ét“f?(%g'é‘?‘ layerrfdPay Brﬁo taH%FO% GE™ i ch i s
etched to forma conductive patch |ayer 22. Although it is referable fo
have thé copariat;laadeacigcanductive layarimast e madeefea @liffcgﬂéenéﬂoﬁ% 1pg gjaertal LThe
| ayer 26, it is possible to have the copper cladding cover a substanti al

portion, bubomictihdateRiablichides, Yoiodxatdpte, SbakductiCt nestals,Soils, tiftks, polyeiers,
di nmensi on and shape of the components of the microstrip antenna 30 nay be

Lo e M S it g
thin so that eposfcgg1 or o?herw1se fgrmed to create the conductive patch layer 22 and/or the
conductive ground layer 24. Of course, with any of the embodiments, the relative size
10  difference between the conductive patch layer 22 and the conductive ground layer 24
may be changed. For instance, the conductive ground layer 24 may be larger than the
dielectric layer 26 and may extend further along the structure 20 than illustrated in FIG.
1. In fact, the condﬁctive ground layer 24 may extend all the way around structure 20. |
Further, the thicknesses of the conductive patch layer 22, dielectric layer 26 and
15  conductive ground layer.24 may be various thicknesses. The dielectric layer 26 may
comprise any dielectric material, including foam, plastic, air, or a corrugated plastic. The
components of the microstrip antenna 30 are preferably connected or embedded in the
structure 20.
[0025]  The microstrip antenna 30 can be manufactured in many ways, but is
20  preferably fabricated from a printed circuit board material having copper cladding on

both sides. More specifically, the microstrip antenna 30 is preferably formed on a printed

circuit board comprising a planar dielectric layer. The dielectric layer 26 has a copper



attached to or inbedded in an identification appliance 10 so as to not be
awkward for the 10 wearer. The microstrip antenna 30 may be nmade smal |l by
using a twom3erBbectric |ayer 26 with a high dielectric coagtiesas/o34Ihe

t hi ckness of the dielectric layer 26 is preferably on the order of
one-hundredth of the free space wavel ength of the radiated signal, and the
patch itself is of length L and width W where Wis |less than L. [0027]
When L is approximately a half wavelength in the dielectric |ayer 26, the
15 mcrostrip antenna 30 forns a transmi ssion |line resonator with open
circuits at opposite ends. The ends of the mcrostrip resonator 30 act as
a pair of slot radiators because of the electric fields at the two open
circuits. The far field radiation produced by this mcrostrip antenna 30
will be strengails dilorduatied sieebf BB layer Whick forhe geomd ydiriedst ptcdoppayer 22,
with the electric field polarization in the plane of the conductive patch

Iayer 22 angh%{;%' rﬁéhgfoﬁq r%@ew}ﬁc ﬁ%&,thgd?é f&rﬂleaé‘&fae{a% YRR %@M ayRhoud

i.e. aline ari ze ectro rragnetl C wave. Both near and

far fields w n the directio nar e 24.
Maxi mum r adi® .96?33?51?:}1 ﬁ%emec?f’%?r? d c@h%lg gx%ky Ofto sh‘? %tﬂgﬂgl%@

03/ 077361 PCT/ USQ3/ 03426_ and on the sane side as, kl% conduct.i v atc
layer 22, anfeberi2hi il Paspibledohaws deicoppersiadding cover sy Pfé‘tlg? PgtBeind
pl ane 24) Undesirable proximty effects in an identi f| cation appliance
ar e t her®f oreatinity bfjtheasitlebOfmoarsentye size, Gjmsusidn phdsleapeof the edmponenisef the de
toward the wearer. When used to inplenent RFID capability in an 5

identificat 'r&@r&ﬁﬂi ARBER, 300N8y B GdriEll Hop erdthpleihe IOnd\RSiva Paich Meree DL nyay be
reduced near-fi el energy on one side, toward the body, therefore

radi ati ng ef Eﬂcﬁfa?%‘i)ayoﬂ@% SifQm.t he body. Thus, the mcrostrip antenna 30
may | nprove the d at’i ng range between an identi fication appliance

ol ance. 100826k ai MRETERETREIBEE AP SUBRY Biarayi e o so bR hay B8

attached to or imbedded in an identification appliance 10 so as to not be awkward for the

10  wearer. The microstrip antenna 30 may be made small by using a thin dielectric layer 26
with a high dielectric constant. The thickness of the dielectric layer 26 is preferably on
the order of one-hundredth of the free space wavelength of the radiated signal, and the
patch itself is of length L and width W, where W is less than L.
[0027]  When L is approximately a half wavelength in the dielectric layer 26, the

15  microstrip antenna 30 forms a transmission line resonator with open circuits at opposite
ends. The ends of the microstrip resonator 30 act as a pair of slot radiators because of the
electric fields at the two open circuits. The far field radiation produced by this microstrip
antenna 30-will_be strongest in the direction normal to the conductive patch layer 22, with
the electric field polarization in the plane of the conductive patch layer 22 and parallel to

20  the length of the conductive patch layer 22, i.e. a linearly-polarized (LP), electro-
magnetic (EM) wave. Both near and far fields will be minimum in the direction normal

to the ground plane 24. Maximum radiation from the microstrip antenna 30 is normal to,



10 [0028] The mcrostrip antenna 30 may be driven in many ways. A first
exanple is by a coaxial probe which protrudes through the ground plane 24
and connewD30T73bhe conductive patch layer 22 at a poi nt pcanises/exd2hal f way
across the wdth W A second exanple is by a narrower mcrostrip

transm ssion |ine which connects to the center of one end of the
conductive patch |layer 22. The efficiency of the mcrostrip antenna 30
(e.g., 15 the ratio of radiated power to driving power) can be very high
(e.g., 80 percent or nore) when it is made of high quality materials with
| ow dielectric | osses and operates in the UHF and SHF bands. Thus, the

m crostrip antenna provides an inprovenent in performance size and cost
when UHF and SHF frequencies are used. The common | ow cost printed circuit

board mat er.i;gl on @esagtal @asd thefBnductRephRhTEyey 20 yaridaairival or ddheditidd hi gh
frequency bands because of wide variations in dielectric constant and high

diefectric olgcg%gbnfﬁllé (tbg)'rdgil?e Lille @é%r?& e;gl he @ﬁRg%gfgéi?%%%ﬂﬁi%ﬁle;ﬁas ip&er | al s

for these fr nci es ava rom andl er, Arizona
and include Rogers’. material 4003..10 WO 03/077361 PCT/ US03/,034, 2100291
Wien L and W‘-’é‘% CRIMTHAPRYARGET eéqu)reaxnﬁxﬁa?e%\}ag\pé?%%ﬁﬁ grﬂur{cﬁ%lmm.%fg%{}}ei c

| ayer 26, the mcrostrip antenna 30 may resonate and radiate in two
directions. itrertside towardehe weargt. Wihsn userl i@l impleseeniddiDigapakility ind8onances and
a 90-degree phase shift is introduced between them the resulting far
field ragli atil@imificaorcappliane kieahictastiih entbnieacitthestanishqrettbhredagegimeag field | |
have an electric field which rotates in a circular pattern in the plane of

the conduct ie\ﬁsrg?%fdﬁe'sfdeéefowérd fhe HRAY] therdiae rydinal eizrsily SRhy Bnveiedody |

the rotation the electric field is clockwise in the direction away from

T e
O e T o oS B & e
identification appliance 10 containing the microstrip antenna 30.
10 [0028] The ﬁicrostrip antenna 30 may be driven in many ways. A first example is by
a coaxial probe which protrudes through the ground plane 24 and connects to the
conductive patch layer 22 at a point centered halfway across the width W. A second |
example is by a narrower microstrip transmission line which connects to the center of one
end of the conductive patch layer 22. The efficiency of the microstrip antenna 30 (e.g.,
15  the ratio of radiated power to driving power) can be very high (e.g., 80 percent or more)
when it is made of high quality materials with low dielectric losses and operates in the
UHF and SHF bands. Thus, the microstrip antenna provides an improvement in
performance size and cost when UHF and SHF frequencies are used. The common low-
cost printed circuit board material, designated as FR-4, performs very poorly in these
20  high frequency bands because of wide variations in dielectric constant and high dielectric

loss, although it may still be usable. 'High quality materials for these frequencies are

available from Rogers Corp., Chandler, Arizona and include Rogers’ material 4003.

10



degrees. The advantage of using CP radiation froma wireless identification
appliance 10 is that there is | ess dependence on antenna orientati on when
t he readewoanwernn is either |inearly polarized, or circwcarusys/mabari zed
with the sanme sense as the antenna of the identification appliance 10. 15
[0030] As an alternative for any of the enbodi nents, the mcrostrip antenna
30 or a part of the mcrostrip antenna 30 nay be fabricated as part of the
cl osure nechanism (e.g., a securenent nmeans) for the structure 20, or
within the closure nechanismof the structure 20. The cl osure nechani sm
may be coupled to the structure 20 by electrical or reactive coupling.
Additionally, it is preferable for the conponents of the mcrostrip 20
antenna 30 to be thin so that the resulting identification appliance 10 is

thin and cdobao} abNehémol wedW atklbolDahib Dimabdi a BelfWiSeBhR8ridGhe fi@@3fdc It is
preferred that the el ectronic communication circuitry 32, such as a RFID

circuit, be gahty HRdnRfbskiPAieni0 ALLrAIBHN afll fall fyoaRdAd. e ot 020

i nch thick. e hounting nicatron circurt 32, which maybe in
the formof an inteqgrated ircuit chip or a hybri Lrcuit chip,.can be
acconpl | shed I SeTatdr <uyly Detyer i i desaioncss e Srfstes e il o
circuit 32 is electrically connected to both the conductive patch [|ayer 22
and ground |iajraducsd betyyrsh g the sessliing fariigld sadiationg whichdp @gunalye theat ch or
ground | ayer, a direct connection (e.g., solder or conductive adhesive) is

preferrefl bendedivetpatch leyer@2cwill baveapeiecmel ficldeviubh pt32s ilMetiboda paftern in
connecting to a non-adjacent conductive |ayer include using a wre, cable,

or a pri nt edhe pl=abof tHelcdAdHatRBipatthllhye, i.eT ARiréMafpolirized (CL) ARywates af Be:
i npl enented directly onto the dielectric |layer 26, conprising printed

circuits et “1{8 'oﬁ!&tli%fetléé?ﬁc ﬁ@ﬂﬂ?&lo%k@%giiﬁ&emcf?&é%% froRBhE ?HB]%S@S' to the

circuits, which circul are connected to the conductlve pat 22 and

conductive antenna 30, it is a right-hand circularly-polarized (RHCP) wave, and if the rotation is

counterclockwise, it is a left-hand circularly-polarized (LHCP) wave. The sense (RHCP

10 or LHCP) is determined by which direction in the conductive patch layer 22 leads by 90
degrees. The advantage of using CP radiation from a wireless identification appliance 10
is that there is less dependence on antenna orientation when the reader antenna is either
linearly polarized, or circularly polarized with the same sense as the antenna of the
identification appliance 10.

15 [0030] As an alternative for any of the embodiments, the microstrip antenna 30 or a
part of the microstrip antenna 30 may be fabricated as part of the closure mechanism
(e.g., a securement means) for the structure 20, or within the closure mechanism of the
structure 20. The closure mechanism may be coupled to the structure 20 by electrical or
reactive coupling. Additionally, it is preferable for the component.s of the microstrip

20  antenna 30 to be thin so that the resulting identification appliance 10 is thin and

comfortable to wear.

11



ground | ayer 24 by wires, cables, or printed circuit transm ssion |ines.

[ 0032] The comrunication circuit 32 preferably conprises antenna circuitry,
signal 1WOgefenat or circuitry, progranmabl e encoder circuCTrosoxnx26

i nterconnection circuitry. In one enbodinent, a surface nount RFID chip
containing electronic circuits is nounted within the identification
appliance 10 and electrically connected to the mcrostrip antenna 30. The
circuitry conprising the conmmunication circuit 32 can be, in various

conbi nations, carried in the structure 20 or dielectric |layer 26, or
formed by deposition on a layer in the 20 dielectric |ayer 26 of one or
nore of conductive paths, sem conductor devices, or polyner materials. A
circuit consisting entirely of conductive, insulating and/or

sem conduct i {03t erlit & refbirred thdt yheddpaginicecbnonuibsticat oironitoy 82, 20cloas 4 REFID
dielectric layer 26 12 WD 03/077361 PCT/ US03/ 03426 may al so be used. In

fact, any of ;th8t 6k LEMhindd OR athfe LFRRE hiduaPdik WhiaPRI0.AIGS ole2ocaeh Bick. "RIe
either partially or totally from sem conductors, conductors and insul ators,

0's "Phtent RRUnBSEHERe i HRENEAl: 3. SANLERPY vE Heer R ST REE B, oo

herein by reference for_all purposes. In 5 other rds, the ide tlflcatlon
appl i ance 10CHeyt Hup er e hxbid eireut Mﬂ@ﬁ@@%ﬁ@ hed Prieverahyays. of { fsynegpssary
totally from sem conductors, conductors and insulators, which may be

i norgani é or that Q‘ardom,mla‘ridatiﬂm ciieurrdy ibelegricaltyembnoectedto hatk the qundactl\@matCh
appliance 10. U S. Patent No. 5,973,598 describes organi c conponents, any

of which may|dyer 25t grouhd &ayer DRI WiRE mot@rd dnl gaidjaesntap pldoaderive Gatchsorshown
in FIG 1, the communication circuit 32 10 resides on the conductive patch

| ayer 22, b”%ﬁo%ﬁd? | al iRy L&h@&uo&ﬁ%%mm Estduliive é‘dHeéik}lcej)t m??ef@ﬁ@d be put

in variouso atlons as Ist for any of the enbo nts
di el ect I fl bl 3l._Th
dent 111 cat i BHvep R Rt E Ry ERE SRR a e Ao o 1S roR Gk

conductive layer include using a wire, cable, or a printed circuit transmission line. The
10 circuitry 32 may also be implemented directly onto the dielectric layer 26, comprising
printed circuits etched out of the copper cladding and discrete parts bonded to the
circuits, which circuits are connected to the conductive patch layer 22 and conductive
ground layer 24 by wires, cables, or printed circuit transmission lines.
[0032] The communication circuit 32 preferably comprises antenna circuitry, signal
15  generator circuitry, programmable encoder circuitry and interconnection circuitry. In one
embodiment, a surface mount RFID chip containing electronic circuits is mounted within
tﬁe identification appliance 10 and electrically connected to the microstrip antenna 30.
The circuitry compﬂsiﬁg the communication circuit 32 can be, in various combinations,
carried in the structure 20 6r dielectric layer 26, or formed by deposition on a layer in the
20  dielectric layer 26 of one or more of conductive paths, semiconductor devices, or
polymér materials. A circuit consisting entirely of conductive, insulating and/or

semiconductive materials directly deposited on the structure 20 or the dielectric layer 26

12



comuni cation and di splay functions such as a vibrator, speaker, or visual
display. The 15 inproved identification appliance 10 may contain a battery
to provi dwopsionBsy or auxiliary power for electronic circwecTrososesdeé ed by
it. The battery can be a flexible battery forned on the flexible structure
20. The battery may supply power to any device requiring power such as the
communi cation circuit 32, which may further include a RFID circuit,

el ectronic circuitry, optical circuitry, data storage device. The battery
may be 20 activated when the identification appliance 10 is fastened to its
object, or activated by the reception of an optical signal or an

el ectromagnetic signal. Optionally, the battery may include a solar
conponent so that the battery is charged or recharged by anbient |ight; 13
WO 03/ 077361m&Cale/50 BB ARAGact] oy cfohaciraits loa thedlensfidriogiappliicedOican pecan
be formed out of inorganic or organic materials. The battery may be

repl aceabl e @add\Qther pAt€ialip bt a)wlfyrt?&nfaan@oﬁh@tbﬂal &rﬂat:%fﬁndhﬁtdlabbs hiPHiapt ed
on or constructed on the |dent| i cati on appliance substrate. Pat en

No. 5,973, 59%e%§§§a[téd)§§m8r oq%%%a%%g{e als;'\%;'en tl | Ca in%. gsle&e t'N(; @997?05 Bt h

i mproved 5 i I'ca |on ion app i"fancé

a battery na be ct vated t hor.i zati on or start

servi ce. R &Ntiygt ﬁvumfsu@ R iSRCOTHRRARY efeiB By leTRRe £°ra‘f #aled
time perlod or calendar date/tine, the software controlling the

i dent i fi &at i @herapgids.dhe giemoﬁmtsﬂnsappbamhéOmﬁnvﬁ@mr@nlcmmommts oradggither
ot her function. The |load on the battery. may be fixed, based on a

pr ogr anmabl epaeilbt Gitbtally Hbnoserhicomdtictdr§) @34ductory and 1ﬂshh1t0rd,amhmh imegthieon
appl i ances or bands described in this disclosure nay have electronmagnetic

ener gy absorigbigaio e 3Rgar ahd Aidl ey BEPiiAch 6 ARRIRALER YpPEanc 0! U ged

by an external ectronagnetic field signal. For exanple, ah antenna nay

obtain pom[}’a]:ter:nqlﬂo 5r9e/%e§9\ée£sc ey %tgan%c tnei)ogtgﬁs a%\ﬁyeof wh%cﬁjﬁﬁg bk QsOPiffGhe SOM®

or all of t

improved identification appliance 10. As shown in FIG. 1, the communication circuit 32
10 resides on the conductive patch layer 22, but as explained later, the communication
circuit 32 can be put in various other locations, as is true for any of the embodiments.
The dielectric layer 26 and the printed components may be flexible.
[0033]  The identification appliance 10 may have components for sensory,
communication and display functions such as a vibrator, speaker, or visual display. The
15  improved identification appliance 10 may contain a battery to provide primary or
auxiliary power for electronic circuitry carried by it. The battery can be a flexible battery
formed on the flexible structure 20. The battery may supply power to any device
requiring power such as the communication circuit 32, which may further include a RFID
circuit, electronic circuitry, optical circuitry, data storage device. The battery may be
20  activated when the identification appliance 10 is fastened to its object, or activated by the
reception of an optical signal or an electromagnetic signal. Optionally, the battery may

include a solar component so that the battery is charged or recharged by ambient light;
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15 circuits on the identification appliance. The interrogating/ powering

el ectromagnetic signal provides power and enabling information to the

i denti fi capioaf73and. The interrogating/ powering signals ®ay/usonoxEe a
power signal only or both a power signal and information nodul ated onto

t he power signal. Upon energizing by an electromgnetic signal, the
identification band may di splay optically readable information 20 accordi ng
to the data programmed in the band, stored in the band, or received from
the interrogating/enabling device. [0035] FIG 2 is a representation of a
| ongi tudi nal cross-section of an exanple 14 WO 03/077361 PCT/ US03/ 03426
-- enbodi nent of an identification appliance 10 contai ni ng communi cati on
circuit conponents 32a, 32b, 32c, such as those for a RFID circuit, which
are mount ed- the sple cellfj andaeehargingairewitrican be fdmledndulnoﬁmprgﬂmddneorgarhodl ment s,
the communication circuit conponents 32a, 32b, 32c may further include a

RFI D circui t mattiabt (Theibattery iy be yeplaepible 8t nét. Thé Batidry naydRtAf1&iDe 388 mer
device, and/or other circuits or devices. The identificafion appliarce 10

includes a spdtisey ihimOd oo} G&hs'trﬁct@& %Bgﬁ@#&leﬂuﬁéa%ﬂ %gﬁl dﬁBe ts@?s hrald 9. S.P plent

identification appliance 10 can be used as a wist a mcros

ant enna 30. e ant nna i_ncludes a con e patch Iayer
22, a conduclil}l v%ggﬁr g%éggé{cg?/%r g%ﬁr%fcwlgdléglaé{ bﬁr“ﬁ Hl Fgﬁarovgﬂd a

di el ectric 26 between the patch and qround 10 layers 22, 24. In
this enbddi g@ﬁ ‘E‘W@n@BHWFégtrA@ﬂ gitization appliaace §Q aithcn Daiternmay dgi on
between the conductl ve patch layer 22 and the ground |ayer 24. This
enbodi ment i &ctivatsd uppn pfaper euthotization loe thet stat ofsdovide. nﬁnhesbh&mm dut of S
possi bl e for the circuit 32 and antenna to degrade each other's

per f or mance. pdVadrelt bewithi a pradétbingined BRI p¥EBY or Eil@nd-"a? Hﬁﬂéﬂirﬁ@tthé:’ibfﬁrl'a[reu' t
conponents 32 are nounted 1n the dielectric materi al and ma

mount ed on t QeBAidsaAR RientifCatfA PRI Ogﬂﬁ}pg{oxg ﬁ'}éeéon%gurglgat%n fuﬁgtlon or any

communi cati on

other function. The load on the battery may be fixed, based on a progrmﬁable constant,
10 ortimed. |
[0034] Any c;f the identification appliaﬁces or bands described in this disclosure may
have electromagnetic energy absorption means so that the identification band may be
energized by an external electromagnetic field signal. For example, an antenna may
obtain power from a received signal, where the power is used to power some or all of the
15 circuits on the identification appliance. The interrogating/powering electromagnetic
signal provides power and enabling informatioh to the identification band. The
interrogating/powering signals may contain a power signal only or both a power signal
and information modulated onto the power signal. Upon energizing by an
electromagnetic signal, the identification band may display optically readable information
20 according to the data programmed in the band, stored in the band, or received from the
interrogating/enabling device.

[0035]  FIG. 2 is a representation of a longitudinal cross-section of an example
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circuit conponent 32a), on top of the ground | ayer 24 (e.g., see
communi cation circuit conponent 32c), or in between the patch and ground
| ayers (ewQ.03/08861 comruni cation circuit conmponent 32b). ARCEUSe3/w4260t her
conductor may be used to connect through a hole in the dielectric 26 to a
conductive layer. The hole permts the passage of a 20 conductive nateri al
to connect the circuit 32 to a conductive layer. An alternative to the
hole is a conductive conduit, also. known as a via or plated through-hole.
Still alternatively, an inductive or capacitive coupler may be used
instead of the wire 15 WD 03/077361 PCT/ US03/ 03426 conductor. Al of the
hol es, conductive conduits and inductive/capacitative couplers nmay be
referred to generally as "electrical couplers”. By using bare die
conmuni cat i oinkadimentof apddentifisaiion §Pdian@2H) cB@Rainingemmumnicttioneirengnt s can
be made as thin as 10 to 20 mls (thousandth of an inch) in height. In
thi s enbodi nenipontiie 32aB2LN3 2R blicdasthéseUbt a RETD Tirtuit, \Shiel atdRonfe@RahE NY
region of the mcrostrip antenna 30. [0036] FIG 3 is a schematic
repr esent at i Rle&k hee i p i crostrin. antenna 30
with a connunigg&fggggﬁgggi?éggp?aﬁicﬂg%gﬁﬂggﬁﬁ?éﬁt%%é%”p?éymgmmﬁﬁFﬁﬂchip.
In this exa i 24 he ¢ nicatio ircuit conponents 32 are
nount ed on, @ﬁoﬁ%@é’cgg?g‘;{%bﬁﬁ?}éﬁ%{ ll}cﬁ@e&%@bﬁl&é‘%fﬂeﬂ’i@“@ FBEHEY episal 24
(i.e., t%e si.de. 10 .opposite the dielectric naterial 26). Again, as is true
for any df tFFEUETLEYR FoRge depice, g/ orptherrcirchiteordn ingsi Tt idontifidationi t
conponents 32, the circuit elenents can be nade as thin as 10 to 20 mls
in hei ght. Appliansedo intlhdes acshrudince 20, veldoh éxirsferdbdy elonpateisc @dt @z Circuit 32
to the conductive patch layer 22. The wire passes through a hole in the
di el ectric 26entifieatiéri spptiahesd @mtbe sBE 269 jagatd ' H | i de
Spphi a§ @ WHaeAl dfdh Iﬁicrrf%%% %I?(%E:lazg@?h%

the resonating 15 region of the mcrostrip antenna 30. I's a

schematic reRLRIGHY AidbR %finMﬁaes%aﬁétin lgye%%(,)g icgr?({]&cti% g%und layer 24

which acts as a ground plane, and a dielectric material 26 between the patch and ground

10 layers 22, 24. In this embodiment, the communication circuit 32 is located in the region
between the conductive patch layer 22 and the ground layer 24. This embodiment is less
preferred than the other embodiments because it is possible for the circuit 32 and antenna
to degrade each other’s performance. Nonetheless, in this embodiment, the
communication circuit components 32 are mounted in the dielectric material 26 and may

15 be mounted on the bottom of the conductive patch layer 22 (e.g., see communication
circuit componenf 32a), on top of the ground layer 24 (e.g., see communication circuit
component 32c), or in between the patch and ground layers (e.g., see communication
circuit component 32b). A wire or other conductor may be used to connect through a
hole in the dielectric 26 to a conductive layer. The hole permits the passage of a

20  conductive material to connect the circuit 32 to a conductive layer. An alternative to the
holeisa conductive conduit, also. known as a via or plated through-hole. Still

alternatively, an inductive or capacitive coupler may be used instead of the wire



mcrostrip antenna 30 with a communication circuit 32, which may be, for
exanple, a RFID chip. In FIG 4, the communication circuit 32 is shown
nount ed owotosp7Bb1the dielectric 26, next to the conduct iPca/ysas/eiszé ayer
22. A hole 40 through the dielectric 20 material 26 allows the

comuni cation circuit 32 to contact the ground plane 24 under the
dielectric material 26. The communication circuit 32 may be connected to
the conductive patch layer 22 by a conductor on top of the dielectric
material 26, or a conductor 50 16 WD 03/ 077361 PCT/US03/ 03426 buried in
the dielectric material 26. [0038] FIG 5 is a schematic representation of
anot her exanpl e enbodinent of a nicrostrip antenna 30 with a connunication

circuit 32, which éil for exanp a RFID, chjp. The conmuni cation
circuit 32-pendypiont Qfﬁﬁq wewomh@t% Remsbits gad MW%CE}%W‘@?OH FIRaY s

on top of the dielectric material 26. A hole 40 extends through the
conducti ve pateftrrédtpaendllnas “¢lbetridilebeplers!’ c Byatsong talre 6. commaurtiedtionircyitves
the comunication circuit 32 access to contact the ground plane 24 under

the di el ect phfipodBRtser2adb2t? 82c i the BRIt @emeitd @2Pbe ale abthing a8l G R E0MIls C
representation of still anot her exanpl e enmbodi nent of a 10 mcrostrip

antenna 30 %{)\gapdtﬁ%% nx'xc%ﬁtlﬂ 8% oft rIﬁ'ﬁgé elg‘ﬂ’gﬂlﬁnenmﬂe QnmbficafSREPh 32%sRF! D

chi p. The rip Anten I's curved or contoured to create
a better fit to the wearer of grhe |dent1f| atl;ﬁb appliance 10. A structure
20 suchJas #sifeithe Ef-'é%ﬁt’r?&fe%}@n Ob PeARIEAP IR, crostrip antenna 30 and
comuni cation circuits (not illustrated in FIG 6). The dielectric_ layer
26 may be f[G036dI e FIGr. 3ris gischemnticgpprpssatationtef anethenarenile emBodipeabef san
exanpl e nethod for attaching the mcrostrip antenna 30 and conmuni cation
circuitry tenitlostriptaiiteting 66 with 4 comawnidetiar éitvait. 32FwBichinapsbe, forgraaydetaat i on
of an exanpl e enbodi nent of an identification appliance 10 whose structure
20 RFID chip. In this example embodiment, the communication circuit components 32 are
mounted on, and directly connected to, the underside of the ground layer 24 (i.e., the side
10  opposite the dielectric material 26). Again, as is true for any of the embodiments, by
using bare die communication circuit components 32, the circuit elements can be made as
thin as 10 to 20 mils in height. A wire or other conductor connects the communication
circuit 32 to the conductive patch layer 22. The wire passes through a hole in the
dielectric 26. In this embodiment, the communication circuit 32 is outside the resonating
15  region of the microstrip antenna 30.
[0037]  FIG. 4 is a schematic representation of yet another example embodiment of a
microstrip antenna 30 with a communication circuit 32, which may be, for example, a
RFID chip. In FIG. 4, the communication circuit 32 is shown mounted on top of the
dielectric 26, next to the conductive patch layer 22. A hole 40 through the dielectric
20  material 26 allows the communication circuit 32 to contact the ground plane 24 under the

dielectric material 26. The communication circuit 32 may be connected to the conductive

patch layer 22 by a conductor on top of the dielectric material 26, or a conductor 50
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conprises a top non-conducting layer 42 and a bottom non-conducting | ayer
44, The mcrostrip antenna 30 and circuitry (not illustrated) are

| am nat edwDre3betdéeen the top and 20 bott om non-conduct i ng PCafEs030342¢ 44.
Addi ti onal non-conducting |ayers of material having |ow EM | oss preferably
are used to protect the mcrostrip antenna 30 and circuitry from noisture,
abrasion, etc. For FIG 7 as well as any of the enbodi nents, the circuitry
17 WD 03/ 077361 PCT/ US03/ 03426 may be in the formof a nodule. The
mcrostrip antenna 30 and circuitry are nade before they are | am nated
into the structure 20 or at the tinme of fabrication of the | am nated
product. For exanple, if the mcrostrip antenna 30 and circuitry are forned
by a fast rocess. such as printing, they may be fabricated at al nost the
same tine theigddaths ¢1ie1§5§chﬁat5nglp?'§|gi ance 10 is being fabricated. [0041]

FIG 8 is a representation of an exanple enbodi nent of a mcrostrip antenna
built into [0038}ecHIGTEN apdretiatin refresntatide nf photheat dxampipembedivent offd ch in
this exanple, is an identification band. The identification appliance 10

has an el onggdrsteip laH@hii 80 Rth abnghuhiSatiothiitcatt owhtdhanly bé foetangle,&0 of a
cl osure or securenent mechanism 62. An 10 exanple of a tubular structure

for an idengl Ef?%ﬁ’f?ié%e%&gﬂn‘%ﬁ%ﬂiﬁ%%ﬁ%ﬁ 90 idbhRed %ﬂttcg;?g%% 'co%c’ﬁ.lcziég p8kf: The

ot her end 6 Secu ani sm I's pref adapted'to fit
into the other respective end_.of e t.ubul ar ongat.e ,structure 20..1n this
exanpl e% en??@!ﬁ‘ié?e ,1&1 ﬁé’“ﬁ?ﬁf’&g’terqt‘%e‘ﬁﬂ?gﬁﬁe&wég%h ghc’&eégﬁﬁﬁ’f}aﬁ {;‘éo"kgg’tt@ﬁ | ayer
22 coupled to a comunjcation circuit 32 and residing on a dielectric

mat eri al 26comivetivopaieit layor22 sndjihe divdecing matepial 3@5?5@801560\%%% thére
dielectric material 26 and the wearer's body (e.g., wist, arm ankle) of
t he identi f c@atuaitatimptirancy dd@ess$b nomtattithe gicnnd planie24amidentha dBdedtsci n  t he
securenent nechani sm 62, the antenna nay be changed as desired w thout

having to di.a6al 6 tiPhgesieii re identification appliance 10. Further, the
ends 60, 62 of the securenent

[0039] FIG. 6 is a schematic representation of still another example embodiment of a

10  microstrip antenna 30 with a communication circuit, which may be, for example, a RFID
chip. The microstrip antenna 30 in FIG. 6 is curved or contoured to create a better fit to
the wearer of the identification appliance 10. A structure 20 such as a wristband may be
attached to the microstrip antenna 30 and communication circuits (not illustrated in FIG.
6). The dielectric layer 26 may be flexible, or rigid and shaped with a curvature.

15 [0040] An example method for attaching the microstrip antenna 30 and
communication circuitry to the structure 20 is now described. FIG. 7 is a representation
of an example embodiment of an identification appliance 10 whose structure 20
comprises a top non-conducting layer 42 and a bottom non-conducting layer 44. The
microstrip antenna 30 and circuitry (not illustrated) are laminated in between the top and

20  bottom non-conducting layers 42, 44. Additional non-conducting layefs of material
having low EM loss preferably are used to protect the microstrip antenna 30 and circuitry

from moisture, abrasion, etc. For FIG. 7 as well as any of the embodiments, the circuitry

17



mechani sm 62 and the correspondi ng i nner surface of the tubular structure
20 may have 20 conductive contacts to forma circuit when the contacts are
connect edwoOThios73émy, the identification appliance 10 canPpdetisosiies whet her
t he securenent nechani sm 62 has been secured, renoved, or tanpered wth.
18 WO 03/077361 PCT/ US03/03426 [0042] In any of the enbodi nents, the
identification appliance 10 may include optional structures and features,
such as any of the features described bel ow. For exanple, the

conmmuni cation circuit may performa comuni cation function of any type, and
can communi cate passively such as a transponder and/or actively by
initiating 5 communi cations. The identification appliance 10 nay operate in
the UHF or SHF radio bands. [0043] Likew se, the conmunication circuit may
i nclude a comeyék in i formof pmassads i Ty migrostrip swtema Foeandomrcaitry ae amdebefsor ,
m crocontroller, central processing unit (CPU), arithnetic logic unit
(ALU), math tep anclessmted ko teistUCRa T0 0@ BB SO FabrightbOfie ninated
coprocessor, hardware controller, progranmble Ioglc devi ce programed for

use as a C Plto'aﬁ&tl §lor ef?ﬁm}gﬂen?lihe% (53911 LRt 30d:g'€1l A Cﬁ%as abtye faE{t

further ude an tional data stor age

?2édkbﬂfy ﬁgﬁrs?%‘ﬁa(s g DTS v e e s AL ToH s ey O %ﬂé%waéam y

erasabl e PROVIP&‘EEP ultraviolet |light erasable 15 PROM (UVPRO\/) fixed
di sk medPa, mRkianen 0 Wibsendabmieated | ash nermory, ferro-electric menory,
organi ¢ sem conductor nenory, tape, or any other storage retrieval neans,
or any conbjfdd] on RIG. 8 hes esprescaihtibe ofndexamply ehbodirentrefmmycrosteip antefha
course, the novable nedia nenories (e.g., disk, tape) may not be practical

in an identibiiRahtoqRe s@ﬁ%@ﬂ?&tlﬂﬁ@? ah mehhﬁca%ldwpﬁﬁm% Whichtin Wik 88snpik, ishe
novabl e nmedi a nenory were sna
an identification band. The identification appliance 10 has an elongate structure 20
which is tubular to accept a portion 60 of a closure or securement mechanism 62. An
10  example of a tubular structure for an identification band is disclosed in US Patent No.
5,740,623. The other end 64 of the securement mechanism 62 is preferably adapted to fit
into the other respective end of the tubular elongate structure 20. In this example
embodiment, the microstrip antenna 30 has a conductive patch layer 22 coupled to a
communication circuit 32 and residing on a dielectric material 26. The conductive
15 ground layer 24 resides between the dielectric material 26 and the wearer’s body (e.g.,
wrist, arm, ankle) of the identification appliance 10. Since the microstrip antenna 30 is in
the securement mechanism 62, the antenna may.be changed as desired without having to
discard the entire identification appliance 10. Further, the ends 60, 62 of the securement
mechanism 62 and the corresponding inner surface of the tubular structure 20 may have
20  conductive contacts to form a circuit when the contacts are connected. This way, the

identification appliance 10 can determine whether the securement mechanism 62 has

been secured, removed, or tampered with.
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20 thin. The data storage device may further permt reading only, reading
and witing, or witing only. 19 WO 03/077361 PCT/ US03/ 03426 [0044] The
i denti fi capioa7@ppl i ance 10 may carry optical -el ectroni c eCTASN®NI436 OF
circuits such as signaling, signal transmtting, signal receiving, or
indicating circuits. The opto-electronic conmponents may performvarious
functions such as signaling (e.g., by light froma light emtting diode),
indicating (e.g., by emtting light or varying 5 refl ectances), displaying
(e.g., of alphanunmeric. or inmage data by pre-fornmed indicators or matrix
of indicators), sensing (e.g., of levels of light or sound), power
conversion (e,g., photovoltaic cell). These conponents nmay be of silicon,
pol ymers, or, r i . . j . eX] on the
Pent 1 cat 100200 TEMBLORHE crgpod bt B il R bt R 00 F B BiIGSE 0
attached to or, printed on e identificatiaon, appliance 10.. The 1
el ectroni ¢, BHEBRISHERNFS e ?%H‘Fﬁ% (FHFH 85 W;Pfﬁ@e %Bm? Ay O
deposited on the structure 20. [0045] The identification appliance 10 may
be att ached exemale, thetcopingunigasios carceit mayiperform atdemmetdertion fuasticmrefappityrmce
10 perforns an optional electronic article surveillance (EAS) function,
for exanpl e anti@ah BéthaRhRatcRssinel Sucl astdampdnddr and/bhactbAly byindtidtiig does
not 15 transmt an identification code, but enables a reader to detect if
the idengifi j App i A g ; UG ;
donti 11t f%ﬁ*‘%‘%ﬁ e ¥ h%g&ﬁg‘éﬁ S‘é&h?@%‘égééﬁf%ﬁ‘??ﬁﬁﬁr%‘eé‘gqnﬁ%di e SHE radio
usable (in noaher enbodi nent) or have a di sposable part and a re-usable
part (in at Py enbodiment). It is possible to make the identification
appl iance 10 di sposabl e and very 2Q inexpensive, such as a wistband. The
di sposabl e i[8@43] i Likevase, Hisponimedcatipneieult mrydpelyde e sontig) lpgic pparocessing
functions described in this disclosure, where the fastening neans is

unit, which may be a microprocessor, microcontroller, central processing unit (CPU),

arithmetic logic unit (ALU), math coprocessor, floating point coprocessor, graphics

10 coprocessor, hardware controller, programumable logic device programmed for use as a
controller, or other control logic. The communication circuit further may include an
optional data storage device, such as a memory of any kind. For example, the memory
may be a random access memory (RAM), read c;nly memory (ROM), programmable read
only memory (PROM), electrically erasable PROM (EEPROM), ultraviolet light erésable

15 PROM (UVPROM), fixed disk media, flexible disk media, flash memory, ferro-electric
memory, organic semiconductor memory, tape, or any other storage retrieval means, or
any combination of these volatile and non-volatile memory means. Of course, the
movable media memories (e.g., disk, tape) may not be practical in an identification
appliance made to fit a person’s wrist unless if the movable media memory were small or

20  thin. The data storage device may further permit reading only, reading and writing, or

writing only.
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not re-usable and the functionality of the identification appliance 10 is
destroyed after its 20 WO 03/077361 PCT/ US03/ 03426 use. The

i denti fi capioa7Bppl i ance 10 may have a di sposabl e secti onPCrarsozasnapl e,
structure 20) and a re-usable section (for exanple, the conmunication
circuit 32). [0047] The identification appliance 10 al so may be nmade water
resi stant, waterproof, and/or resistant to certain solvents or chem cals
used in the area of its application. 5 [0048] The identification appliance
10 maybe nmade tanper-proof or tanper- indicating. For exanple, conductive
adhesi ve attachnent of areas of the identification appliance 10 upon
fastening to the wearer may activate printed conductive patterns within

the identification appliance 10 that informcircuitry that the

i denti fi cat-i[80d4ppl TheidentHcativagppbanced Oimaashearryt eptigalrelgeteonip pompprants on f

t he adhesive attachnent of areas of the 10 identification appliance 10 is
broken, the dicuind adhaesidualingy sigpalt tiaisnsiting dighal edcediing, loe indicatial cirouithdthet he
circuit can detect tanpering. The configuration and node of electrical

coupl ing of eNEEkdNE cORbSRNASNAPpérisind (it HufclibhOSuARR!siAARRg {dg ! By t he
circuit may vary according to mhe?her the entire identification appliance

10 is a di spo | e device. a i sposahl e devi C t .eusabl e

t ransponder algilfﬁ'gmraeﬁ%}ggpgm&gﬁ%d%?, lﬁgﬁt?%(%t%’g@eﬁlﬁgig] @éj{geot? &t éﬁ, t he
circuit may djsable the identificatign appl i ance 18 or disable g _function
or funct? ondeldgctangen; Lisplaing §¢2a phpipharuncrts. orAndes YA Ay pye-ommeddndiciors Sy
i ndicate that tanpering has occurred by activating a display, alarm LED
and the |i kenatdk of indi¢atdre), sénsingaesgarof devedy ofdight hesoudd);ipowepfonvsesiomg®s i ng
such as by a wireless transm ssion. Further, the identification appliance

10 may be phsicvalthi¢ c8BE Urieky cafipdraatsangfbs ofdilitdig bolyatsps for Bthep matetabyal  of
the identification appliance 10 woul d destroy its function or render such

T e S S

they may be flexible and attached to or printed on the identification appliance 10. The

10 electronic, opto-electronic components may be printed or otherwise deposited on the
structure 20. |
[0045]  The identification appliance 10 may be attached to an article where a circuit in
the identiﬁcaﬁon appliance 10 performs an optional electronic article surveillance (EAS)
function, for example, to indicate the theft of the article. The EAS function does not

15  transmit an identification code, but enables a reader to detect if the identification
appliance 10 is near the reader.
[0046] The identification appliance 10 may be disposable (in one embodiment) or re-
usable (in another embodiment) or have a disposable part and a re-usable paﬁ (in a third
embodiment). It is possible to make the identification appliance 10 disposable and very

20  inexpensive, such as a wristband. The disposable identification appliance 10 may

incorporate any of the functions described in this disclosure, where the fastening means is

not re-usable and the functionality of the identification appliance 10 is destroyed after its

20



21 WD 03/077361 PCT/ US03/ 03426 defeatable by an authorized procedure). In
the case of tenporary securenent, the identification appliance 10 may be
re-used awo ms@7Becured by an aut horized agency or personPCIrG499)34Ihe
identification appliance 10 may contain a flexible keyboard for data or 5
password entry directly into the circuits. The keyboard may be based on
synbolic or al pha-nuneric data. [0050] The identification appliance 10 may
have audi o transducers for audio input or output. The identification
appliance 10 al so may have known al gori thms to process speech recognition
or out put synthesized speech. Further, the identification appliance 10 10
may all ow users to conmuni cate two-way with renote units or have circuitry
or algorithns to derive biometric data (such as a user's unique

i denti fyi ng- Y5eethe 9sntilsation applianse A anayshave & digposatie s¢otion (for Esampleanpl e,
such bionetric data may include any imges of or data about the wearer's
fingerprint s strmetire2)) and iasr«:-usarblé secton for axdmpie, tte vainmunicatior girenic g2ylomai n
response 15 of the wearer's voice, or a biochem cal assay of the wearer's

scent, bl ood{0@47]br evhélidehfifiOitidR apPRArde 101l RAPBRIEHE wiRE PesiintORatefirabed

to a person's S|gnature si gnature pI us handw’iti ng dynamcs, 1iris,

r ?t I na, f ace, /ﬁp%isLén?ﬂj ce tr?&%é Or. c\ﬁ%{n(fceaﬁ)g ﬁsjg{lur a\ége{g(():felts %&)ﬁl‘%gtf% ood,

fingerprint, her I'n pat ern, Cheni car & gna

sweat ), nme electrlc net acoustic, or other

bi onet ri gNA ha@; iut]i“? ’@entQ’(SBCaﬂPPéPH]é%W?épynayt %f?eoﬁqﬁtpﬁt'ﬁr@é A5 B¥mney

provi de data about the wearer for purposes other than for identification.
For i nst ance indigpsing; Ene@xamplsmémctmwdb@wmmcmmmczfdarevatstocﬁ thehidentification
identification appliance to nonitor or detect the wearer's pul se rate,
heart el ectr iappliang@10 upon fastening to the wearer may activate printed conductive patterns within

the identification appliance 10 that inform circuitry that the identification appliance 10
has been attached to a wearer or object. tf the adhesive attachment of areas of the

10 identification applianct: 10 is broken, the printed conductive patterns would detect the
break so that the circuit can detect tampering. The configuration and mode of electrical
coupling of conductive patterns in the identification appliance 10 to the circuit may vary
according to whether the entire identification appliance 10 is a disposable device, a
disposable device attached to a reusable transponder, or a reusable device. When

15 tampering is detected, the circuit may disable the identification appliance 10 or disable a
function or functions of identification appliance 10. Additionally, the circuit may
indicate that tampering has occurred by activating a display, alarm, LED and the like, or
by informing a person or another device of the tampering such as by a wireless
transmission. Further, the identification appliance 10 may be physically securely

20  fastened such that tampering or removal of the identification appliance 10 would destroy
its function or render such tampering or removal evident. The securement may be

permanent for the usage life of the identification appliance 10, or may be temporary (e.g.,
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WO 03/ 077361 PCT/ US03/ 03426 signals, blood pressure, insulin |levels and
the li ke, where such bionetric data may be transmtted to other devices
(such as wonBwomnkng conputers at a hospital) constantly, PCEuESosi4a@ntly,
or upon alert conditions. [0052] The identification appliance 10 may
provi de informati on about the wearer or 5 object with which it is

associ ated. This information may be witten or printed visual information.
For exanple, the identification appliance 10 may have a | abel or a
printable surface to contain the information. The witten or printed
information may include data that is perceivable to humans, aninmals, or
machi nes. For exanple, the data may be al phanuneric data, optical
character recogni zabl e data (such as bar codes), imges, 10 photographs,
magnet i cal | yd¢feaiablp by agauthorizad pecedirehdnrihecasa of tesmponaryseeuament thent |
retina, or voice data. [0053] In the foregoing specification, the

i nventi on haglehgficatidaspplided 19imdy befeersed and rd-eecamddiyf dncautihdrivdi mgericsy or
thereof. It will, however, be evident that various nodifications and
changes may séfpde thereto wi thout departing fromthe broader spirit and
scope of 15 the invention. For exanple, the reader is to understand that

the specific ri . | i I 0 in.the
process 11 onl Bt anchedaduifRaGh ABERR: R Ry 3663M 2AMHBRIIPGHA AR

i nvention can be perforpmed using differen r .addjtiopal process actions,
or a di fger emSSWB‘%bqr“%'t g5ty Antg ?IFW&S‘OFL%]?@@Q Hay PeRased sybolig or
exanpl e, each feature of one enbodi ment can be m xed and matched with ot her
features 20 alpbawuiariedaier enbodi ments. Features and processes known to
those of ordinary skill in the art of identification appliances may
simlarly be[G050pr pdrtetidehtifiaties afpiincAtMialy daed hydio annsdabyrs Foisdudio fnpat o es

may be added or subtracted as desired. Accordingly, the 23 WO 03/077361
PCT/ USO03/ 034gfput. The identification appliance 10 also may have known algorifhms to process
speech recognition or output synthesized speech. Further, the identification appliance 10
10 may allow users to communicate two-way with remote units or have circuitry or
algorithms to derive biometric data (such as a user’s unique identifying speech patterns)
from the user’s speech.
[0051]  For example, such biometric data may include any images of or data about the
wearer’s fingerprints, retina, iris, or face, or a time domain or frequéncy domain response
15 of the wearer’s voice, or a biochemical assay of the wearer’s scent, blood, or breath. In
other words, the biometric data may be related to a person’s signature, signature plus
handwriting dynamics, iris, retina, face recognition, voiceprint, voiceprint and voice
stress, fingerprint, other skin pattern, chemical signature (e.g., smell, blood, sweat), DNA
signature, or some electric, magnetic, acoustic, or other biometric characteristic.
20  Alternatively, the biometric sensor may provide data about the wearer for purposes other

than for identification. For instance, the biometric sensor may be incorporated into the -

identification appliance to monitor or detect the wearer’s pulse rate, heart electrical

22



i nvention is not to be restricted except in light of the attached clains
and their equivalents. 24 WO 03/077361 PCT/US03/03426 CLAIMS Wat is

cl ai med w0 030786 rel ess identification band adapted to ®@ocmmsas/caERe Wt h
anot her device, the wireless identification band conprising: 5 a structure
adapted to be worn by or attached to a person, the structure having a

first surface and a second surface, the second surface being | ocated cl oser
to the person than the first surface when the structure is worn by or
attached to the person; a data storage device adapted to store data
associated with the person; a mcrostrip antenna disposed on or in the
structure; and 10 a control circuit coupled to the mcrostrip antenna, the
control circuit adapted to conmunicate through the mcrostrip antenna with
the devi ce. signalshlogd pessee, ingdintlpvdlcand tha lisarvhese Sml”ablﬁm@tw&%mﬁy bhe
mcrostrip antenna conprises a conductive patch |layer, a conductive ground
| ayer and atradémittedto bihenddvécdsgbuctiias pus@tdrihg tovapintetshut ajimbpital) eorstandnd t he
ground | ayer, 15 the ground | ayer being |ocated closer to the person than

the patch | gtefmitthte ok BforPhleHEhbiifohss Worn by or attached to the person.
3. The wireless iderntification band of claim1 wherein the mcrostrip

apiemne S0P g SBb R RO R0 AR, By bR
| dent i f i5C at io J%ctb v%glcli w%fichcilt ?sl aTsolci'Xt\chrTelilig irgfggnamo%rrgasyg lr)elz Qvﬁ%tglg %? Bgnted visual
information. For example, the identification éppliance 10 may have a label or a printable
surface to contain the information. The written or printed information may include data
that is perceivable to humans, animals, or machines. For example, the data may be
alphanumeric data, optical character recognizable data (such as bar codes), images,
10 photographs, magnetically readable data, and/or biometric data such as fingerprint, retina, .
or voice data.
[0053] In the foregoing specification, the invention has been described with reference
to specific embodiments thereof. It will, however, be evident that various modifications
and changes may be made thereto without departing from the broader spirit and scope of
15  the invention. For example, the reader is to understand that the specific ordering and
combination of process actions shown in the process flow diagrams described herein is
merely illustrative, and the invention can be performed using different or additional
process actions, or a different combination or ordering of process actions. As another
example, each feature of one embodiment can be mixed and matched with other features
20  shown in other embodiments. Features and processes known to those of ordinary skill in

the art of identification appliances may similarly be incorporated as desired. Additionally

and obviously, features may be added or subtracted as desired. Accordingly, the
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is curved or contoured to be worn by the person. 6. The wirel ess
identification band of claim1l wherein the control circuit includes a
conmuni cawpag/ocisscuit. 25 7. The wireless identification Ipamdse$/ozb@i m 2
wherein the control circuit is disposed on the dielectric material. 8. The
wireless identification band of claim?2 wherein the control circuit is

di sposed in the dielectric material. 9. The wireless identification band of
claim8 wherein the control circuit is 25 W 03/077361 PCT/ US03/ 03426

di sposed on the surface of the patch layer which is inside the dielectric
material. 10. The wireless identification band of claim8 wherein the
control circuit is disposed on the surface of the ground |ayer which is
inside the dielectric 5 material. 11. The wireless identification band of
cl ai m 2 wher@ventiands aohiorhsi regftieted exceps in light 96 Swechtiaphed dJaintsaand their t he gr ound
| ayer which is not inside the dielectric material. 12. The wreless
identificatiemuivadds.of claim 1l further conprising an 10 el ectrical coupler
extending fromthe control circuit through the dielectric material to the
patch layer. 13. The wireless identification band of claim 12 wherein the
el ectrical coupler conprises a hole and a conductor passing through the
hole. 14. The wireless identification band of claim 12 wherein the

el ectrical coupler 15 is a conductive conduit which extends fromthe
control circuit to the patch

24



| ayer. 15. The wireless identification band of claim7 further conprising
an electrical coupler extending fromthe control circuit through the

di el ectriwomawensal to the patch |ayer or the ground | ay@cTarsobad4be t he
patch |l ayer and the 20 ground layer. 16. The wireless identification band
of claim 15 wherein the electrical coupler conprises a hole and a
conduct or passing through the hole. 17. The wireless identification band of
claim15 wherein the electrical coupler is a conductive conduit which
extends fromthe control circuit to the patch 25 layer or the ground | ayer
or both the patch layer and the ground |layer. 18. The w rel ess
identification band of claim8 further conprising an electrical coupler
extending fromthe control circuit throggAmM® dielectric nmaterial to the
patch layer or to the ground layer or to both the patch l|ayer and the
ground layer. 30 19. The wireless identification band of claim 18 wherein
the electric er +:26 WD 03/077361 PCT/ US03/ 03426 conprises a hole
and a conduc?%?fgggg?ﬁgl%hrough the hole. 20. The wireless identification
band of claim 18 wherein the electrical coupler 1is a conductjve conduit
whi ch extends fro t heAcwinglesslidgitificaiion band ddepisd e pommaasateoyith anqther gr ound

| ayer or to both t.he tch,l ayer..a t.h r d layer. 5 21. The wireless
identificati %Y“beah}f %i?glgﬁsdfl?ﬂ%%ﬁ%o Pﬁejalmrc]l ct%ﬂg’r‘%ﬂ%f rol circuit is |ocated
adj acent 5t 0 the patgicth@dipte@® beRemBy & #mshdddenipetdonatieaubardhafingh ai m

2 wherein the control circuit is disposed on a surface of the patch |ayer
whi ch i s not fiishsurfase ané agpesind sufhge, the second surface being located closer to the person

than the first surface when the structure is worn by or attached to the person;
a data storage device adapted to store data associated with the person;
a microstrip antenna disposed on or in the structure; and ‘
10 a control circuit coupled to the microstrip antenna, the control circuit adapted to
communicate through the microstrip antenna with the device.
2. The wireless identification band of claim 1 wherein the microstrip antenna
comprises a conductive patch layer, a conductive ground layer and a
dielectric material disposed between the patch layer and the ground layer,
15 the ground layer being located closer to the person than tﬁe patch layer
when the structure is worn by or attached to the person.
3. The wireless identification band of claim 1 wherein the microstrip antenna
is flexible.
4. The wireless identification band of claim 2 wherein the dielectric material
20 is flexible.
5. The wireless identification band of claim 1 wherein the microstrip antenna
is curved or contoured to be worn by the person.
6. The wireless identification band of claim 1 wherein the control circuit
includes a communication circuit.
25 7. The wireless identification band of claim 2 wherein the control circuit is
disposed on the dielectric material.
8. The wireless identification band of claim 2 wherein the control circuit is
disposed in the dielectric material.

9. The wireless identification band of claim 8 wherein the control circuit is

25



material. 10 23. The wireless identification band of claim22 further
conprising an electrical coupler extending fromthe control circuit

t hrough twe odiogidectric material to the ground | ayer. 24. PChaIS08/03k€sSS
identification band of claim 23 wherein the electrical coupler conprises a
hol e and a conduct or passing through the hole. 15 25. The wi rel ess

I dentification band of claim23 wherein the electrical coupler is a
conductive conduit which extends fromthe control circuit to the ground

| ayer. 26. The wireless identification band of claim1 wherein the
structure conprises at least two |ayers and the mcrostrip antenna is
enbedded 20 between the at |east two |ayers. 27. The wrel ess

identification band of .claim1 wher e patch |ayer, js posed aon an
cdge of the Struct ur o, AisEeed Rl th REREES! TR REE O BARICOREGarTS
wherein the control ciggldkhk; conprises a radio frequency identification

(RFID) circuit. 25 29. The wireless identification band of claim1 wherein
the control circul@ i sThea‘da'plemdBntiﬁ@rﬁwmbian@béclaim B véhewdin ¢heeomtrol circuit is

Further compri 51 ng. an asee g e ARsar obiMe s eRpasgch b nfde fisfirariri

circuit.531. The wirelgggruhdentification band of cI al m 1 wherein the

control circuit is 30 formed substantially of at |east one organic

material. 27 WO OBl. 077@&wﬁ@§$iﬁ6@iﬁ®&i@ﬁ baad ofltieinn mdieess thedwmntriof cicauit isn

band of claim 31 wher e(!‘hgpc}sgg oﬁ%ghrr ace otl t{'ng lélirotunid ?ayer which is not inside the dielectric
material.

12.  The wireless identification band of claim 11 further comprising an

10 electrical coupler extending from the control circuit through the dielectric
material to the patch layer.

13.  The wireless identification band of claim 12 wherein the electrical coupler
comprises a hole and a conductor passing through the hole.

14.  The wireless identification band of claim 12 wherein the electrical coupler

15 is a conductive conduit which extends from the control circuit to the patch
layer.

15.  The wireless identification band of claim 7 further comprising an electrical
coupler extending from the control circuit through the dielectric material
to the patch layer or the ground layer or both the patch layer and the

20 ground layer.

16.  The wireless identification band of claim 15 wherein the electrical coupler
comprises a hole and a conductor passing through the hole.

17.  The wireless identification band of claim 15 wherein the electrical coupler
is a conductive conduit which extends from the control circuit to the patch

25 layer or the ground layer or both the patch layer and the ground layer.

18.  The wireless identification band of claim 8 further comprising an electrical
coupler extending from the control circuit through the dielectric material
to the patch layer or to the ground layer or to both the patch layer and the

ground layer.

30 19.  The wireless identification band of claim 18 wherein the electrical coﬁpler
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fornmed entirely of at |east one organic material. 33. The wireless

I dentification band of claim1 wherein the data includes bionetric data
about thewpas®orsl 5 34. The wirel ess identification band @CTAlSas/mM438
wherein the bionmetric data includes fingerprint, voice, or retina
characteristics. 35. The wireless identification band of claim1l wherein
the structure is an elongate wistband, arnband, |egband, or headband. 36.
The wireless identification band of claim1 further conprising a power 10
source forned at |east partially out of an organic material. 37. The
wireless identification band of claim1 further conprising a diode forned
of an organic material. 38. The mﬁreless I dentification band of claiml

wherein the data storage devi i nc| udes, a mam)H%/ I“ g an organic
material . 15 39, The WCPBPESS 3 ARG § EGRIVGIOT BATMETONE ”Pﬁ olgherein the

thickness of the ,di el gglkiifeldRidmtiak ﬁo%l% dto@aa%cigrwﬁefrelﬂreﬁe aeaﬁea%tlgl%i

the free space wavelength of a S|gn at ed he mcrostrip ante
40. The wirel ess ident |1§accatdmoﬂnvdxaumdumfwm¢la¢mriﬂsfﬁmm thercontobeiraiitrtg the patch

20 mochani sm 4L The WFEPLOLhY BEER AERCY B PBAHE FBEECP AR A P B Foer
mechani sm e
tanpering or openbng  Ghelifel&s fihkific h%ﬂtl%@‘b&frh‘?rwl‘fér%%@cﬁtr&l*&ﬁrcéﬁ fsure

nmechani sm causes the control circuit to determne that tanpering
occurred. 42. The wi r elestediadgeentitd ¢zt patech lagerd of clai m 41 wherein the

ccur red. 43, The 2 r ollBESHTERtdeR BT PR o4 ol UL B Firout s

conprising an disposed on a surface of the patch layer which is not inside the dielectric
A material.
10 23.  The wireless identification band of claim 22 further comprising an

electrical coupler extending from the control circuit through the dielectric
material to the ground layer.

24.  The wireless identification band of claim 23 wherein the electrical coupler
comprises a hole and a conductor passing through the hole.

15 25.  The wireless identification band of claim 23 wherein the electrical coupler
is a conductive conduit which extends from the control circuit to the
ground layer.

26.  The wireless identification band of claim 1 wherein the structure
comprises at least two layers and the microstrip antenna is embedded

20 between the at least two layers.

27.  The wireless identification band of claim 1 wherein the patch layer is
disposed on an edge of the structure.

28.  The wireless identification band of claim 6 wherein the control circuit
comprises a radio frequency identification (RFID) circuit.

25 29.  The wireless identification band of claim 1 wherein the control circuit is
adapted to communicate with a wireless communication system.

30.  The wireless identification band of claim 1 further comprising an audio or
visual display coupled to the control circuit.
31.  The wireless identification band of claim 1 wherein the control circuit is

30 formed substantially of at least one organic material.
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I ndi cator coupled to the control circuit which indicates whether tanpering
has occurred. 44. The wireless identification band of claim1l further
conpri si ngoaskeppad to 30 input data into the data stora®eTdses/er2e 28 WO
03/ 077361 PCT/ US03/03426 45. The wireless identification band of claim1l
wherein the wireless identification band is disposable. 46. The wi rel ess

I dentification band of claim 1l wherein the control circuit is adapted to
comuni cate at or near 400 WMHz, 915 MHz, 2.45 GHz, or 5.88 5 GHz. 47. The
wireless identification band of claim1 wherein the control circuit
includes a plurality of circuits. 48. The wireless identification band of
claim1 wherein the data includes nedical data about the person. 10 49.

The wireless identification band of claim1 wherein the mcrostri F antenna
is a continuous r&di at bhe wislesyidentifipasiondsnd gelaing B & athicenn Baerepnop! eireinis 1
further conprising a f LRle,. # . r the control ’
circuit. 51. The wrel {(‘aogfsﬁe?ggtﬁ eﬁ?‘?é:agtl%gﬁ&%gr{gggg &CHIP% 1 wherein the

flexible battery 335 cOhpwiekss Rlentifigdionban@bEclnidh 1 whtreid thé d@h 8ffudes
identification appliance adapted to comruni cate with another device, the
i dentification appli aneemedifdata pbeyt the parsaset ure adapted to be worn,

attachedsor carri flf. h b %”r[_l‘f;i;e %@{egegﬁideﬂtiﬂgattfan%ra% 898&?1? gi’» %eﬁe%l meeoqoxrl‘xgtrisctcpa'ia?

data associated w
includes fingerprint, voice, or retinal characteristics.

35.  The wireless identification band of claim 1 wherein the structure is an
elongate wristband; armband, legband, or headband.

36.  The wireless identification band of claim 1 further comprising a power

10 source formed at least partially out of an organic material.

37.  The wireless identification band of claim 1 further comprising a diode
formed of an organic material.

38.  The wireless identification band of claim 1 wherein the data storage

‘ device includes a memory formed of an organic material.

15 39.  The wireless identification band of claim 1 wherein the thickness of the
dielectric material is on the order of one-hundredth of the free space
wavelength of a signal radiated by the microstrip antenna.

40.  The wireless identification band of claim 1 further comprising a closure
mechanism, the microstrip antenna being a portion' of the closure

20 mechanism.

_ 41.  The wireless identification band of claim 40 wherein tampering or opening
of the closure mechanism after closure of the closure mechanism causes
the control circuit to determine that tampering has occurred.

42.  The wireless identification band of claim 41 wherein the control circuit is

25 adapted to inform the device thét tampering has occurred.

43.  The wireless identification band of claim 41 further comprising an
indicator coupled to the control circuit which indicates whether tampering
has occurred.

44.  The wireless identification band of claim 1 further comprising a keypad to

30 input data into the data storage device.
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20 a microstrip antenna di sposed on or in the structure such that when the
structure is worn, attached or carried by the person, the mcrostrip

ant enna iwoadapied to radiate energy away fromthe persomcanos/a4eadi at e
substantially | ess energy toward the person; and a control circuit coupled
to the mcrostrip antenna, the control circuit adapted to 25 communicate
through the mcrostrip antenna with the device. 53. The identification
appliance of claim52 wherein the mcrostrip antenna conprises a
conductive patch layer, a conductive ground |layer and a dielectric

mat eri al di sposed between the patch |layer and the ground | ayer, the ground
| ayer being | ocated closer to the person than the patch | ayer 30 when the
structure is worn, attached or carried by the person 29 WD 03/ 077361

PCT/ US03/ 03426 545. Thérhedéﬁﬁlpﬁsilé%ﬁtifk?ﬁtl%%?ﬂdaﬂf 15 1 whswemélﬂwi?%i n the

mcrostrip antenna is idéﬂtﬁi&iaﬁbr?barﬁ‘:is di'ég&aibf’ee”t I fication appliance of claim
52 wherein the mcrostrip antenna is urved or contoured to be worn by the

person. 5 56. Thel6l dertlie wigelessdberifichiianbadadf otdim hwharenhtheeontrohercadris r ol
circuit includes a communication cjrcuit. 57. The identifjcation appliance
of clai m53 wherein tRdapigAte epmpmupicaietat pneay 40P Mg iy Mgk z-ﬂélcﬁé% F -8
materials 58. The ideq%ﬁ ication appliance of claim53 wherein the control
circuit 1s 10 disposed 1n the dielectric material. 59. The identification
appl i ance of cl ai4n 58 Teewrelesstiientifizatiowbard ofmldim 1 wherdirs fhesedtrolcitchi
surface of the patch Iig%/ﬁ(ries\/\én;i)lﬁrhaliit;o}cr}rsciucljtg t he dielectr i'c
48.  The wireless identification band of claim 1 wherein the data includes
medical data about the person.
10 49.  The wireless identification band of claim 1 wherein the miérostrip antenna
is a continuous radiator.
50.  The wireless identification band of claim 1 further comprising a flexible
battery coupled to power the control circuit.
51.  The wireless identification band of claim 1 wherein the flexible-battery
15 comprises an organic material.
52. A wireless identification appliance adapted to communicate with another
device, the identification appliance comprising:
a structure adapted to be worn, attached or carried by a person;
a data storage device adapted to store data associated with the person;
20 a microstrip antenna disposed on or in the structure such that when the structure is
worn, attached or carried by the person, the microstrip antenna is adapted to radiate
energy away from the person and to radiate substantially less energy toward the person,;
and ‘
a control circuit coupled to the microstrip antenna, the control circuit adapted to
25 communicate through the microstrip antenna with the device.
53.  The identification appliance of claim 52 wherein the microstrip antenna
comprises a conductive patch layer, a conductive ground layer and a
dielectric material disposed between the patch layer and the ground layer,

the ground layer being located closer to the person than the patch layer

30 when the structure is worn, attached or carried by the person.
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material. 60. The identification appliance of claim58 wherein the control
circuit is 15 disposed on the surface of the ground |ayer which is inside
t he di el eworBw773amt erial. 61. The identification appliancecafusos/edsns 53
wherein the control circuit is disposed on a surface of the ground | ayer
which is not inside the dielectric material. 20 62. The identification
appliance of claim®6l further conprising an electrical coupler extending
fromthe control circuit through the dielectric material to the patch

| ayer. 63. The identification appliance of claim®62 wherein the electrical
coupler conprises a hole and a conductor passing through-the hole. 25 64.
The identification appliance of claim®62 wherein the electrical coupler is
a conductive conduit tendi.pg fromthe cantrol_.circuit to.the.patch .

| ayer. 65. The i%gnt i ﬁw@%ﬁcaélﬁmapme ? c]tgpgﬁn\gxprqnart}ﬁ@gcr WEPP@P% San
el ectrical coupler extﬂgghﬂg fromthe control circuit through the
dielectric material to the patch |ayer or the ground | ayer or both the
patch layer and tH& 30The nientifi¢aipanppldhc\of 03ir0 32 3deréiC ¢ B30 B6Y 26tenBbis

The identification appliance of clajm.65 wherein the electrical coupler
conprises a hol e and ac%?é%qwo%%?ll??gw?‘ﬁ‘r%tfbﬁp?‘ﬁgn'hol e. 67. The

ldentifigation apgyiangg. Rfeaﬁffi@iti%hg pIAIRE BiF Blali & 2 &l IREL R koY B &lit 1 S @

conductive conduit extendin romthe control circuit to the patch layer or
5 the ground | ayer or boetiles heopatunfratialyerciand t he ground | ayer.

57.  The identification appliance of claim 53 wherein the control circuit is
disposed on the dielectric material.

58.  The identification appliance of claim 53 wherein the control circuit is

10 disposed in the dielectric material.

59.  The identification appliance of claim 58 wherein the control circuit is
disposed on the surface of the patch layer which is inside the dielectric
material.

60.  The identification appliance of claim 58 wherein the control circuit is

15 disposed on the surface of the ground layer which is inside the dielectric
material. -

61.  The identification appliance of claim 53 wherein the control circuit is
disposed on a surface of the ground layer which is not inside the dielectric
material.

20 62.  The identification appliance of claim 61 further comprising an electrical
coupler extending from the control circuit through the dielectric material
to the patch layer.

63.  The identification appliance of claim 62 wherein the electrical coupler
comprises a hole and a conductor passing through the hole.

25 64.  The identification appliance of claim 62 wherein the electrical coupler is a
conductive conduit extending from the control circuit to the patch layer.

65.  The identification appliance of claim 57 further comprising an electrical
coupler extending from the control circuit through the dielectric material
to the patch layer or the ground layer or both the patch layer and the

30 ground layer.

30



68. The identification appliance of claim58 further conprising an

el ectrical coupler extending fromthe control circuit through the

di el ectriwomawensal to the patch |ayer or to the ground PaEyarSO®»0342© bot h
the patch layer and the ground layer. 10 69. The identification appliance
of claim68 wherein the electrical coupler conprises a hole and a

conduct or passing through the hole. 70. The identification appliance of
claim 68 wherein the electrical coupler is a conductive conduit extending
fromthe control circuit to the patch layer or to the ground layer or to
both the patch |l ayer and the ground layer. 15 71. The identification

appl i ance of claim57 wherein the control circuit is located adjacent to

the patch |ayer. |flcat| ap m53 ere| the
control circuit gg Eﬁ%é‘%&%?ﬁt’é’ném ng’ ggp‘gl?‘?fﬂn FAEUPET ot
i nsi de the diel ect ric c@fﬁgﬁgegglholg&d@eon‘gﬁ@mf H%Igfdgfthﬁﬁ%h% ﬁmpl I ance of
claim72 further conpri si hg an electrical coupler extending fromthe

control circuit thf.oughhe nﬁﬁatmtapphamméplaah 65twhartio the dacidlcalal,wpler?séla

The identification appli er ei.n l.ectr.i

conprises a hole and a° %’%ﬁﬁ% Bgfgh}g‘ TosR iy Ctoﬁgr ﬁ%‘fcé”t tﬁgﬁl‘a’igﬁq’r%@m or
identifieation appliangg dg?f)urﬁﬂléyéf‘o?%omgé?hﬂ&hqi}%rﬁh@ﬁiergr&?dd eospl er is a
conductive conduit extending fromthe control Circuit to the ground |ayer.

76. The identific68.i onTh© plentifieasionfappliaicmos Qlalméﬂefuﬁh@rh@rrsmsmg amredectrical

Com 190, a1 1oL Rk AT A ey BELREA] B ARR o BIRFR e

claim52 wherein the pg}ikB ph@Mdyek 8r to the ground layer or to both the patch layer and the
ground layer.

10 69.  The identification appliance of claim 68 wherein the electrical coupler
comprises a hole and a conductor passing through the hole.

70.  The identification appliance of claim 68 wherein the electrical coupler is a
conductive conduit extending from the control circuit to the patch layer br
to the ground layer or to both the patch layer and the ground layer.

15 71.  The identification appliance of claim 57 wherein the control circuit is
located adjacent to the patch layer. '

72.  The identification appliance of claim 53 wherein the control circuit is
disposed on a surface of the patch layer which is not inside the dielectric
material.

20 73.  The identification appliance of claim 72 further comprising an electrical
coupler extending from the control circuit through the dielectric material
to the ground layer.

74.  The identification appliance of claim 73 wherein the electrical coupler
comprises a hole and a conductor passing through the hole.

25 75.  The identification appliance of claim 73 wherein the electrical coupler is a
conductive conduit extending from the control circuit to the ground layer.

76.  The identification appliance of claim 52 wherein the structure comprises at
least two layers and the microstrip antenna is embedded between the at
least two layers.

30 77.  The identification appliance of claim 52 wherein the patch layer is
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31 WD 03/077361 PCT/ US03/ 03426 disposed on an edge of the structure. 78.
The identification appliance of claim56 wherein the control circuit

conpri seswea osAawisel f requency i dentification (RFID) circuit PCTAISOTIB26

i dentification appliance of claimb52 wherein the control circuit is 5
formed substantially of at |east one organic material. 80. The

I dentification appliance of claim79 wherein the control circuit is forned
entirely of at |least one organic material. 81. The identification appliance
of claimb52 wherein the data includes bionmetric data about the person. 10
82. The identification appliance of claimb52 wherein the structure is an

el ongate wi stband, arnband, |egband, or headband. 83. The identification

appliance of claimb52 further conpri $i ) r source forned at | east
partially out of an opbggﬂ‘f’evr:& %%n_e‘ﬁégloﬂ@%.tﬁfﬁlgg\fdent i fication appliance of
claim 52 further 7gonpringii@htificsticitepplidhicd siriEith 56 wherel haroairotaienital . 85.

The identification appliance of claim52 wherein the data storage device
i ncl udes a menory f or sewpEsesragdiofrquenerbidentifigatiog REMPLCIrEnt i fi cat i on

o’ the o der of -de- harasificlfo B ASTAin S el fERkinA LRI S 3
radi at e by the m crogbmidd sabétemily oF at lehbteoriedegdnié inagdriabn appl i'ance of

claimb52 further conprising a closure mechani sr’g the, mcrostrip antenna
being a portion &P.thdhelidentificationeanplianesg! claim 79 wherein the control circuit is

formed entirely of at least one organic material.

81.  The identification appliance of claim 52 wherein the data includes
biometric data about the person.

10 82.  The identification appliance of claim 52 wherein the structure is an
elongate wristband, armband, legband, or-headband.

83.  The identification appliance of claim 52 further comprising a power
source formed at least partially out of an organic material.

84.  The identification appliance of claim 52 further comprising a diode

15 formed of an organic material.

85.  The identification appliance of claim 52 wherein the data storage device
includes a memory formed of an organic material.

86.  The identification appliance of claim 53 wherein the thickness of the
dielectric material is on the order of one-hundredth of the free space

20 wavelength of a signal radiated by the microstrip antenna.

87.  The identification appliance of claim 52 further comprising a closure
mechanism, the microstrip antenna being a portion of the closure
mechanism.

88.  The identification appliance of claim 87 wherein tampering or opening of

25 the closure mechanism after closure of the closure mechanism causes the
control circuit to determine that tampering has occurred.

89. Thé identification appliance of claim 88 further comprising an indicator
coupled to the control circuit which indicates whether tampering has
occurred.

30 90.  The identification appliance of claim 52 wherein the microstrip antenna is
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88. The identification appliance of claim87 wherein tanpering or opening
of 25 the closure nechanismafter closure of the closure nechani sm causes
the contwolo3orr3éuit to determ ne that tanpering has occurCadiSo8@42dhe
identification appliance of claim88 further conprising an indicator
coupled to the control circuit which indicates whether tanpering has
occurred. 30 90. The identification appliance of claim52 wherein the
mcrostrip antenna is 32 WO 03/077361 PCT/ US03/ 03426 a conti nuous
radiator. 91. The identification appliance of claimb52 wherein the
identification appliance is an identification card. 92. The identification
appliance of claim52 wherein the identification 5 appliance is a patch
that can be affixed to icle.of clothing. 93. The identification

appl i ance of claim52 faﬁérbtnﬁé?&&czsor%g{o& ng a flexible battery coupled to
power the control adirculte idSdifichtien hsiftiahtd bLakinDs ARBlcipiead&tifich@bin 52

wherein the flexible battery _conprises an organic material. 10 33
appliance is an 1dentification card.

92.  The identification appliance of claim 52 wherein the identification
5 appliance is a patch that can be affixed to an article of clothing.
93.  The identification appliance of claim 52 further comprising a flexible
battery coupled to power the control circuit.
94.  The identification appliance of claim 52 wherein the flexible battery
comprises an organic material.
10
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