WO 2009/111664PCT/US2009/036231 MULTI-MODE COMMUNICATION INGESTIBLE EVENT
MARKERS AND SYSTEMS, AND METHODS OF USING THE SAME CROSS-REFERENCE TO
RELATED AP®RGID#MNIANHEPUrsuant to 35 U.S.C. 119 (e), this application mfaimsprianityao the filing
date of the United States Provisional Patent Application Serial Nos.: 61/034,085 filed March 5, 2008;
the disclosure of which application is incorporated herein by reference for all purposes.
INTRODUCTION 10Healthcare concerns related to pharmaceutical products include supply chain
issues, pharmacyienars MeDEafEanies] OAMION NG BSTiesunss i MonmaiEEredatehto patients
and/or medications, and pa dNrﬂ }9{ eFd [#'g% a long-standing need
for a safe, cost-effective, corgvglé i%%ﬁs%/e solu %\X o(é% gguﬁatﬁﬁ ?E{F:e#‘% protect patients from
the consequences of these issues surroundlng medlcatlons 15 SUMMARY Aspects of the

invention include multi-mode Eﬁ@g@ﬁ%ﬁ ﬁ ; ‘L?@X‘fféNThe multi-mode

communication ingestible ever ge g ponent comprising an
integrated circuit cdfnrﬁtlgrﬁgoa'iédﬁ&ﬁ:t&é@d@om&Wé}aﬁbﬁﬂm]@du@mmaﬁéﬁsﬁhnmdf
non-conductiyg ﬁfﬁ'i‘&!@%w%tﬁ%m%ﬁ%a%mcﬂdﬁ%@&]%?ﬂﬁ'ﬁ@ Wit dhedpggsiibig component or a

packaging c onent thereof. The communications modules can include antennas, integrated
circuitry, and?é)#??erafe%&ﬁﬁer?ém@%% HHHOB AhiBFRERRIAS ARG BTG SRS TV oRmposes.
configurations of the communications unit combine or separate components making up the
communications 25modules, such as antennas, power sources, or integrated circuitry, to achieve a
range of design objectives. Further, the devic%@%me with various other devices, including
transmitt@rs/receiv%ﬁﬁﬁﬂf&ai@dmmmeﬂteryh@ﬁﬂﬁﬁuqaimmtwmr@ﬂsanﬁphytemaian@lﬁﬁua body
devices. Addltlonal asgeé: the mventlon | cluol emst gan bte used across multiple
30and varledp appr)"l1 Lationg io prél\l/‘l3 é%)%ﬁ%’s%%%% ItS across Sure3u0raﬂlon éﬂnlﬁ%est fe event

marker's exigtenaes Rol/ examie!isystem pofdheimventioninay qfrovideainwe nidercamnteabs a

long-standing need for a safe, cost-effective, comprehensive solution to safeguard medication

and protect patients from the consequences of these issues surrounding medications,
15
SUMMARY
Aspects of the invention include multi-mode communication ingestible event marker
devices. The multi-mode communication ingestible event marker devices include an
ingestible component comprising an integrated circuit comprising a conductive
20 communication module; and at least a second non-conductive communication moduie, which
may be associated with the ingestible component or a packaging component thereof. The
communications modules can include antennas, integrated circuitry, and/or related
components, in various combinations and configurations. Vartous configurations of the
communications unit combine or separate components making up the communications
25  modules, such as antennas, power sources, or integrated circuitry, to achieve a range of
design objectives. Further, the devices can communicate with various other devices,
including transmitters/receivers associated with inventory control, pharmacy control, and
inter- and intra-body devices.
Additional aspects of the invention include systems that can be used across multiple
30  and varied applications to provide various benefits across the duration of an ingestible event

marker's existence. For example, systems of the invention may provide inventory control



WO 2009/111664PCT/US2009/036231 information related to medication manufacturing and
packaging management operations as well as supply chain control. Systems of the invention may also
provide phalinggyreelateckguality control measures and personalization applicatiepmsekated to
medication, medications packaging, and patient history. Systems of the invention may also provide
patient safety 5information as well as safety control measures. Some systems of the invention may
provide and/or suppress data associated with the system in accordance with preset or dynamically

updatable copelfnatienged to ACGRLMIDYNASRECES Rl the inventioninehidedavisescompgising an
ingestible component comprising an integrated circujt comprising a conductive communication 10

module; and %eEeEoHBRNG FIRBHRIERIe SO AICATAR FEGT 2T AESBEBIYF REATRSRUGRAE
communicatigiRpaule-slansasises ait permminsiadecppiit ieast ofesmedwedelacteechbdintithe group
consisting of a \é\(/ireless rg\dir%.-fr%ﬂu%n%y mo e%%,o?t%%%gticoig%%ctg n moduég, an OPE&@ module, an
acoustic modiif ,aﬁ’ﬁ]é’a&%vi &d ModuRIn"s6me mstances,nt%e AOhcoRdActve communication module is
a wireless ratifyfredioens wambdulefthat compnisesia:d Stadio sfraque nd\thd entificationampauide In other

inst , th 1-conducti mmunicati | ' f le. Th
Instances, e, AR s%orérr]eléscc&\z[i? GOMDICANR B IQAHIG @%Xe%?d@@e%ﬁﬁﬁ%e@%ﬁ@%ﬁ?ﬁﬂfe ©

ingestible component may include a power source, such as a power source ma apair of
electrodes fakpitate’d favtodigwienivas.materials. Ingestible event marker devices may also include a

second power sourse. giegiisally sonpleaiohennoR HeRdualve.commNSAANRAilg, such as a
C

coil, e.g., an 20REID coil. In Some instances, the ingestible component comprises the non-conductive
communicatietHRHHE R RSLRPE AB AR Aethe 1Bk CHMILRRIYE ETHPRTNFcERBRREAHRY may be

electrically covhied tanthe integratad ciisuibalhednansiiblasompanentnt eocthe ingestitie.eamponent
integrated circuit. In such instances, the ingestible component integrated circuit, conductive

communicatib? P HBEI AR P EE S EP BBl SPH OSSO IS EENE eGSO A otifile may be
integrated intgap ingertibles ventralaskeddentifiencompanent nagse e idstanaesedhr non-conductive

;ﬁgﬁ:;f;}lg\gﬁr?zdul  gomprises a non-lc+c])nc!ydc_gl\éveir%r%n%rgmge&nsuch as an RF ?%ntenrla, e.g., an RF

nﬁ? . {: od e,ﬁ 1in some nstances, the non- .
Yy b€ asSsociated w telngeS| e component, such as wi a skirt component,

or may be _assmmiactédewiﬂgmmpa‘cﬁst&xgim@@h@@htb&meddeﬁiwmmm_éﬂwmmggmhgmn- _
30condyictive oy E‘é‘é%l?@emf%%‘él%h%&%ﬁw."%"é!ﬂ?é%‘f&é?a JQS%&ﬁQH-%éE&%QEQEe%d‘}H\}?V%Eéﬂ%%'5

distinct from the ingestible component integrated circuit. When present, this secon
2009/111664pCTIe)820boa3gdard frequency module. The ingestible component may include a

power source, such as a power source made up of a pair of electrodes fabricated from -
dissimilar materials. Ingestible event marker devices may also include a second.power source
electrically coupled to the non-conductive communication module, such as a coil, e.g., an

20  RFID coil. In some instances, the ingestible component comprises the non-conductive
communication module. In such instances, the non-conductive communication module may
be electrically coupled to the integrated circuit of the ingestible component, i.e., the
ingestible component integrated circuit. In such instances, the ingestible component
integrated circuit, conductive communication module and at Jeast a portion of the non-

25  conductive communication module may be integrated into an ingestible event marker
identifier component, In some instances, the non-conductive communication module
comprises a non-conductive transmitter, such as an RF antenna, e.g., an RF antenna coil,
which may be associated with the ingestible component, such as with a skirt component, or
may be associated with a packaging component of the device. In some instances, the non-

30  conductive communication module is electrically coupled to a second integrated circuit that

is distinct from the ingestible component integrated circuit. When present, this second



integrated circuit and ingestible component integrated circuit may be configured to communicate with
each other. In some instances, at least a portion of the non-conductive communication module is
configured to Qgysgpa allg from the ingestible component in a manner thatjeeshglaampromise the
function of the conductive communication module. 5The ingestible component may include an active
pharmaceutical agent, which agent may be present in a physiologically acceptable vehicle and/or a
skirt component of an ingestible event marker. The physiologically acceptable vehicle may be

configured a%@eﬁ?ﬁk%té?fcﬁﬁ%‘él?n_%%lﬁ%ﬁ%&'ﬁ%@ﬂ&ﬁ%négﬁi{éﬁr@c@ﬁﬁﬁ%ﬁb@c%gwgﬂbon include

systems that comprise; an ingestible 10 component comprising an integrated circuit comprising a
conductive cENALIRICAION Pheti @ ey RS 15 EHRch AEdELghaPTH SR Hhceadittve

communicatigr-megidaisanfiguedse.amitRsesend-pignak and aesRMeh I hgss sysiems, the
receiver, conductive communication module and non-conductive communication module may be

configured tdBrRGHRALHFA RS h RSB B BN IR b he SRt fRc e oAt A P8 48P I of the 15

conductive cORemRigaAlioBompdda and ihelnancanduchiercatamunicatian madl g seme
instances, the receiver i%COh{i ureig to receit\)/le athle st ope of the first si%al afnd the second signal.
163 e vehic ?)tl

Any of the firBFARY S BhE SGRAE AT TR AN NRIST AL Ry oV BRAMBIS Y (R By convenient

cryptographieprotoadiciVitereltheciegeinity isepniigeretiticnacgive dbefigecahd sighddt im some
instqnces th%%ﬁ&gév&r 88@%%% ez%'radio-frequency reader. As _des_ired, 20 the receiver may be
configured transmit information to the non-conductive communication module. In some instances of
the systems, the reéeidiiolsbaspreis oh i sivoséonfrarinde systems delbctatpfiemmathiaggroitne consisting of

manufagiuring SY3ieMiS iR £RAIN RBARHMER SRIRMR ANIAGAE cAUSIMANRGEMS N fsUch as

pharmacy) systems. Manufacturing system components which may include a receiver as described

herein includeP85aeis Srogtamiing ens: drics ot S.OBECSHSHKF CREIA MiETHGR mefrisrseigured

components whigh MAYJREkide.n s88aivekasdeseriRedheiein dacluda ackermand programmers.
Health care management system components which may include a receiver as described herein

include scanfAeTE EHEHHE S e AR TR T ebivily St caHan asivls, Brtte oRismisd Configured
to the first signatidehiteh-finshsignal snaycampsisBenofep histetepier dathat Thategebferdnay be
configuE%d tocggéemovabrlx attached to adlivin%ﬁp ing Ga ia an adhesive com %gg{gt.rglternatively,

e
ctive co unjcation module a e Hoi- cHive communication SO
the receiver may be an imp anfa% e receiver. here dleswed’, fhe mp anfaﬁ?e receiver m Yy WO

2009/111664RETMIS 208862 3 dndigdecddditioriat fuhctivnatityf Sudirasigtettricahstionatation
functionality, gy glolggieRl At MeASUEMENLNGIRNAIN Gl AoReS o B Invention fyriher include
various methods, such as methods of detecti g at least one g afirst signaland a s COI’I& Slgﬁa| from a
device compHBirgpRtesient cryptographic protocol. Where the receiver is configured to receive the
second signal, in some instances the receiver comprises a radio-frequency reader, As desired,
20  the receiver may be conﬁgﬁred transmit information to the non-conductive communication
module. In some instances of the systems, the receiver is a component chosen from a system
selected from the group consisting of manufacturing systems, supply chain management
systems and health care management (such as pharmacy) systems. Manufacturing system
components which may include a receiver as described herein include sorters, programmers,
25 encoders, etc. Supply chain management system components which may include a receiver
as described herein include trackers and programmers. Health care management system
components which may include a receiver as described herein include scanners, encoders,
and the like. In some instances, the receiver of the system is configured to the first signal,
which first signal may comprise non-physiologic data. The receiver may be configured to
30 removably attached to a living being, e.g., via an adhesive component. Alternatively, the

receiver may be an implantable receiver. Where desired, the implantable receiver may



Sincludes an ingestible component comprising an integrated circuit comprising a conductive
communication module configured to emit the first signal; and at least a portion of second

non-conductivg gaperyrigation module configured to emit the second signglef/€.mekhgsls may
include detecting only the first or second signal, or both the first and second signal. Additional methods

include emitting at least one of a first signal or a second signal from a 10device comprising that
includes an ingestible component comprising an integrated circuit comprising a conductive

communicatqn modiie gpfiauesbianitibe st sionalandatlsashanonian of ese0t

non-conductive communication module configured to emit the second signal. The 'methods may
include emitt#RRGARMIHETIREE BrusBesHdisigfRal, or both the first and second signal. 15Additional

methods of the inveRigndnctusies regtbads ofdransmitting & sidpabletween Annensgepuctive
communication module and a receiver, wherein the nonconductive. communication module is a

component of §5GE0&H 1F3Y PahELIER Segaktiie c6Ppd AR R ARy s Asegs e dehcuit

comprisigg aigendectivengempisicaiipnmadieisarcihasgeertnomcancholive cosnadaieation
module. In such methods, thecg(i recejver T%ye%%%jcc%{pﬁonen{.ch serE from a syste sele&ted from
‘ c

. the group conSIGiNg 6F MaRUTACIUFRY Sy Stems Supply ChalR maRAgamant ) etERCARY Hsalth care.

manageme_nlnwstendscWhenmﬂmmtea'&inendﬂﬂmmﬁﬁgmemcmmimhmsﬁamﬁdré@éy”s’ﬁmm&ﬁ&ds
- anuacturnaSyBIEERERAS NebalobPUL IR WIAC G avBIe R RsgAeRR ol eer the
a manu ply cha

receiver is a component 0 _ cturing system, su In management system or health care
25 managemédéisipsrdmethedsigabidmeapibé rransaiied fromfitNestavicy tostiendesigivéimncor from

the receiye tg1E.dting AUSIIRIAASIRLS QIR INERLER EHIGMEAZS PLATRInItering t

a subject a device comprising an ingestible component comprising an integrated circuit comprising a

conductive cGRIRRGRIBATGRIABHNIR CHRmYTIEE B Briitinacmsruriha caittas fusistiangbishiBo of

second non-gendueliyesamimesieatansadsiocanisurge:io e mildhe sagnd-signahil hrse methods
may include receiving the first signal at a receiver and may further include WO

2009/111664BE°FA FEB8b/BRBS P Ferinintiig HSHRa ko i dHiehostiehs s iseaigre Btk d¥mation)

for the ingestible sampeananifam the received first signal. In some instances, the term "Lifecycle" is
employ(i(g to refer tOA% }/tii%ggl %Qe%%ggoefr&se ?Iflvention includes methods of transmitting a signal
between a non-conductive communication module and a recelver, wherein the non-
conductive communication module is a component of a device that includes an ingestible
component comprising an integrated circuit comprising a conductive communication
module; and the second non-conductive communication module. In such methods, the
20 receiver may be a component chosen from a system selected from the group consisting of
manufacturing systems, sapply chain management systems and health care management
systems. Where the receiver is a component of a manufacturing system, the manufacturing
system may be a high-throughput manufacturing system. Regardless of whether the receiver
1s a component of a manufacturing system, supply chain management system or health care
25  management system, the signal may be transmitted from the device to the receiver and/or -
from the receiver to the device.
Additional methods of the invention include methods of administering to a subject a
device comprising an ingestibie component comprising an integrated circuit comprising a
conductive communication module configured to emit the first signal; and at least a portion

30  of second non-conductive communication module configured to emit the second signal.

These methods may include receiving the first signal at a receiver and may further include



the invention. "Lifecycle” encompasses the time during which a pharmaceutical product exists,
extending from manufacture through destruction. This period includes, for example, medication
manufacture, guppisH@RManagement, pharmacy management, and patigpta@ssesgign Lifecycle
can also refer to a single phase of the pharmaceutical product existence, or select multiple phases of
its existence. "Pharma Informatics" and "medication data" refer to information regarding 10medication
and its use, including information relating to manufacture, supply chain, pharmacy inventory and
distribution, natientidentifing daia.dnsage dirsclionsy A eNSUMANOR HAR, For rample.
information used b)} thg syster%] car)binclude(f[he datg%fr%e, and Iocatiol)(r)l of maﬁ%?aéture, batch number,
lot number, nieEIEAERIN Fam &crisgivediGrtyiananufacturer name, pharmacy name, date and time of
transfer from pharmgey, [e-Ratisnt.s1 alime Al ngaskion. é@@%ﬂ%fe@t@f@bﬂ%@&vﬁces ﬁﬁpﬁgﬁlﬁs‘( KFID

systems used for pharmaceutical tracking as discussed in published United States Patent Application
Nos. 2007/000811279006/bBBAAT ShPPEOBATIRS V8 C4HASYSE Beba At SHERRIENd are

hereby incorpristed-hynefgressenanirainantinetyy BN JAE SR RIPTION RiacEHE: EXGRIRES
Figures 1A to 1?%shows an i%%estib!e e&en{g marker identifier according to one embodiment. Figure 2
shows a comUHTESAB A B B SHPA BTG I S B B e h I 18 Te B S RBREYRE Sy stem of
Figure 2, accpssngiomohéfembodimeint 2Erigursidghpivseot tbs pisestionalsdbpr@fuatsystem
according to ano{her emquimenltt.. Ei yre 5 s%}owg a §chematic of a first pill communication system,
. CXISeNnCe, 01 .8¢ ecimu 1P dsey Of 115 €X1stence. . . . .
according to one embodimen Igure 6 shows a schematic of a second pill communication
system, according toftaeeniidodiment. 80Figubcitsholes arsthamiaficroltidhirgpificommunication

SYStem’16‘3001‘}94@&&80%%(?{1%%9] %gﬂhing information relating to manufacture, supply chain,

pharmacy inventory and distribution, patient identifying data, dosage directions, and

consumption data. For example, information used by the systern can include the date, time,
and Jocation of manufacture, batch number, lot number, medication name, medication type,
manufacturer name, pharmacy name, date and time of transfer from pharmacy to patient,
15 time of ingestion, and time of expulsion.
Aspects of RFID systems used for pharmaceutical tracking as discussed in published
United States Patent Application Nos. 2007/0008112, 2006/0061472 and 2005/0285732 can

also be used in the systems and are hereby incorporated by reference in their entirety.

20 - BRIEF DESCRIPTION OF THE FIGURES
Figures 1A to 1B shows an ingestible event marker identifﬁér according to one
embodiment,
Figure 2 shows a communications environment according to one embodiment.
Figure 3 shows the system of Figure 2, aécording to one embodiment.
25 Figure 4 shows a cross-sectional view of a system according to another embodiment,
Figure 5 shows a schematic of a first pil! communication system, according to one
embodiment.
Figure 6 shows a schematic of a second pill communication system, according to one
embodiment.
30 Figure 7 shows a schematic of a third pill communication system, according to one

embodiment.



WO 2009/111664PCT/US2009/036231  Figures 8A to 8B show a first REID module and a second
REID module, according to one embodiment. Figure 9 shows an ingestible event marker identifier that
includes a coRglystivg, cgyMunication module and an REID communication Megiig.aseording to one
embodiment. 5Figures 10 provides a flow diagram of an |EM product lifetime, according to one
embodiment. Figure 11 shows a dispenser that ay be used in a manufacturing system, according
to one embodiment. Figure 12 shows a container that may be produced using the manufacturing

system of 10Figuredn ACGATNEHO QML SMPAUITERAe FIYERAARINKRA oW dRgram of an

IEM product lifetime an illustrates the types of information that may be obtained, according to one
embodiment1EBEPAINER. DESCRIPTION As summarized above, aspects of the invention

include multi-mode gamnyRicalion ingestihle-ovanh Markel-AeNices.d naesiile eueptmarker devices of
the invention include an ingestible component comprising a conductive communication module and at

least one addfBRANHEHEIRAERELEMHTNICARIH ISR PHE R EEHBE At va L ohiRiE o
20moduke may be intggradad pishitiae iTgestible sampanENQhableast-ane;tien onallefike
non-conductive, communication module may be associated with a packaging component of the
ingestible ev%‘??ﬁé‘ﬂ?&t'device. Systems of the invention that include the ingestible event marker
devices and a receilfizumsil beoeonfidiupeckto throvide nesidaticrmaforfiationzansgaontrobniegsures
across the eg&ig%%ige %%%_Qﬁtthe ingestible event marker. The life cycle 25 includes, for example,

medication manufacture, supply chain management, pharmacy management, and patient use

management. IFiguseBesboenrrkerddvicen vbsomduspdbsdimntsmulishoitde etrngéstible

compongnt that jaclydes ariiiegraied gl gamponent comprising a conductive communication
module (for example present as an integrated identifier) and at least a second 30non-conductive

communication modi#Er e trEieum bRy dRrgtdicma oA eerutidsifeime an illustrates the

types of information that may be obtained, according to one embodiment.

15 DETAILED DESCRIPTION

As summarized above, aspects of the invention include multi-mode communication
ingestible event marker devices. Ingestible event marker devices of the invention include an
ingestible component comprising a conductive communication module and at least one
additional non-conductive communication module. The non-conductive communication

20 module may be integrated with the ingestible component or at least a portion or all of the
non-conductive communication module may be associated with a packaging component of
the ingestible event marker device. Systems of the invention that include the ingestible event
marker devices and a receiver may be configured to provide medication information and
control measures across the entire life cycle of the ingestible event marker, The life cycle

25  includes, for example, medication manufacture, supply chain management, pharmacy
management, and patient use management.

Ingestible event marker devices of some embodiments may include an ingestible
component that includes an integrated circuit component comprising a conductive
communication module {for example present as an integrated identifier) and at least a second

30  non-conductive communication module, where the number of additional non-conductive

communication modules may vary, for example one or more, two or more, three or more, etc.



communication modules may vary, for example one or more, two or more, three or more, etc. WO
2009/111664PCT/US2009/036231 Accordingly, the ingestible event marker devices of the invention
may be viewsg@ssmuliirgppde communication ingestible event marker devigesshgadhey;include at
least two distinct communication modules, one of which is a conductive communication module. As
indicated above, the at least second non-conductive communication module may be associated with
the Singestible component or partially or wholly associated with a packaging component of the device,

if present. As,such; {agesible Lyent Marker devicesiof Be dvention mav, s maYRatLINGIde packaging

associated with the ingestible component, where packaging may be configured in a variety of different
formats, sucHadesREER At ARSHbISS o iamBss Jariacthslike ey derelrs daatidy aretinct

communicatigigs-maluies aedynanically srmhinedwithile medicatiansomprnents (whenaresent)
to achieve h'%lggly effective and accurate information and control solutions in a viable, cost-effective

manner. For B4 18 A GRE B O BN SRR o MTHIR SRRSO BEPS ISTORATERET fan

integral part plsaspill ansipomadicationpackagiogy kudtietdhadysjehsgancampauniedtidwith various

other devicea, inclu inl%trapsmitterg/r.eceivgfs asspciat‘?d \évit_h inV%Q}lO% control, phamiac cgntrol, and
. cvice, 1 8 sent, As suc ,A]\]ggf’:stl. C EVEN 81 cr C‘{hCCS € INVENLon a¥n01 n}a%no .
inter- and 15intra-"body devices.™ summarized above, the devices and Systems of thé Invention

include at leastlodemokegmdustivetabmithuhidationioduteBynhorheondaktigie comnbenication
module is meant & commuucation medile Hah RMIMNICHRR LS 2 FaMMHPIGAIRRS Praigeol other

than a conductlve&communlcatlon protocol which uses body fluid as a conduction medium (for 20
example, as fuiriier Hesenbeh it s The gpisheHCARpIcEGS U catemiNGBLY sTPrBderit6718; WO
2008/09§281, W 2O084AFR1ER Sch W Gr2008/8636 20 the iisainsHirsff Whigh@tRIDerSIRN

incorporated by reference). Non-conductive communication protocols, i.e., modes, of interest include,
but are not liFffETEOWPLIEEEY o pBl Uity H6HEs TR M he tiet RGN e bptiediodes, such

as infra-red fregueney apiicat MesiRs acoustitmatesi2hamwelhiasmwies pnpgesot. s digichmodes.
Accordingly, in some instances the non- conductive communication module may be at Jeast one
modlle SeledTAFOTR R 1S E RN GRb A T REGUTES foatre, ACATagHetio mduction
module, an apticalimoduesiamracsusiicinodllieyarndra witedi npbaduiecy conthoisaniénambadiments of

interest1 he pﬂcgp-c&orgju{gtl){gegommunication module is a 30 wireless radio-frequency module. While

the wireless rad%-fre‘q/ugncy communication module may vary, in some instances this module is a
radio-frequency ideAtifioation @RIy Wi 200974 1NGEARAT f SRO0YOBE2 B Iisdileafonease of

description PYRRSRSAAY: SSRRAHIMARS Af e mveRsieHhaRw Refurtherdeseringd i terms of

embodiments where theé non-conductive communication module is an RFID communication module.
However, as it aBEtaoh 8 GO AR RN eHIh BH RSt 6 PR ABERR R P PG L RIBS) than a

conductive communication protocol which uses body fluid as a conduction medium (for

20 example, as further described in PCT Published Application Publication Nos. WO
2006/116718; WO 2008/008281; WO 2008/095183 and WO 2008/063626; the disclosures of
which are herein incorporated by reference). Non-conductive communication protocols, i.e.,
modes, of interest include, but are not limited to: wireless radio-frequency modes; magnetic
induction modes; optical modes, such as infra-red frequency optical modes; acoustic modes;

25  as well as wired modes, i.e., direct modes. Accordingly, in some instances the non-
conductive communication module may be at least one module selected from the group
consisting of a wireless radio-frequency module, a magnetic induction module, an optical
module, an acoustic module, and a wired module.

In some embodiments of interest, the non-conductive communication module is a
30 wireless radio-frequency module. While the wireless radio-frequency communication

module may vary, in some instances this module is a radio-frequency identification (RFID}



5In some instances, the RFID module incorporates, for example, an integrated circuit and an RE
antenna. The RED module may be communicatively associated with a conductive module

incorporatingyfagi@nRie an integrated circuit and a conductive antennapkithesabihg REID module
or the conductive module, or both, may function in conjunction with medication and/or medication

packaging to receive, process, store, and/or 10 transmit information related to or associated with the
medication. As indicated above, the devices and systems can be used across multiple and varied

applications f, provige Secure: Goniralled, And AcoHrals sammURCalians iR viable, sosse fective

implementations. Broadly, the devices and systéms facilitate information communication and

control meaduif@siiswwifisd Entrarifel eptiedbnaningestibie BRRerHarkae cPRERYtatvsaReddpable of

15applicatiofy igh & paniebRh GarRUNGRInaSIERVERRME At ParicH iddh i 2Bxiraments where
wireless communications are preferred. For example, the communications environments include

inventory coRtFBFRRAPEARTEALY SET4E Wl body and intra-body communications. Inter-body and
intra-body communicatiaasninighides tlemepmpleviaciveppassiy trrandmpsemipagsivel systems

associated with deja ransmission apflrecpfion fram implantable ingestible, jnsrtable, and
attachable medicar deVices ind Thedicalions adsociated With the Hu?ﬁan%'ocfy of other living
organisms. Fhedwmedicallielcdesoapersapsaiite ofogriemumicetonedrd/or intebpratioduaitte systems of the

invention. A, [gyl M%sﬁﬁo&%ﬁéﬁ?ﬁ@&%& &Vﬁ@tc%lf%ﬂ(&{vgg}{&%ﬁl%e%}%%c'}ﬂ\f%liﬂﬂl&ﬂ‘&wme an

25ingestible component that comprises at least an integrated circuit and a conductive communications
module. This@uettire igidomsdirsignratdipemedibdieipackaaingge sapte euanedsiasteic. aaddgestible

event markegs may Qirsa% et NglHde addiional-acmpanentsqR4ehasa Rhysiniegisally @eceptable
vehicle and/or an pharmaceutically active agent. Accordingly, the ingestible event markers described

herein, somdkifies FELHEHETR Fdtdin HERTsh BRI LAY FEIER/APRHGHESSB B EBHHEHETR that
~ includes an irtegsated cliclitihat comprises acanduaivecoammtticatiapimadulgonshere the
conductive Commu]gg%%gloyr} tlygg)evzlggsgz/tr]f %}?&?gnl’::'gflél i%%c? glgfr{)?ggt%gr} communication and control
measures up to the entire life cycle of an ingestible event marker. The systemsare capable of
15  application in a variety of communications environments, particutarly in environments where
wireless communications are preferred. For example, the communications environments
include inventory control environments as well as inter-body and intra-body
communications.
' Inter-body and intra-body communications include, for example, active, passive, and
20 semi-passive systems associated with data transmission and reception from implantable,
ingestible, insertable, and attachable medical devices and medications associated with the
human body or other living organisms. The medical devices are capable of communication
and/or integration with systems of the invention.
As reviewed above, the ingestible event marker devices of the invention include an
25  ingestible component that comprises at least an integrated circuit and a conductive
communications module. This structure is collectively referred to herein as an ingestible
event marker, and ingestible event markers may or may not include additional components,
such as a physiologically acceptable vehicle and/or an pharmaceutically active agent.
Accordingly, the ingestible event markers described herein, sometimes referred to herein as
30 "IEMs", at least include an ingestible component that includes an integrated circuit that

comprises a conductive communication module, where the conductive communication



module includes a conductive transmitter, The integrated circuit and conductive communication
module may be collectively referred to as an identifier. Identifiers of interest are structures that

generate (for §upRig €Il a detectable signal upon contact of the ingestifle-guenbomarker identifier
with a target physiological location (or locations). The 5ingestible event marker identifiers may vary

depending on the particular embodiment and intended application of the composition, as long as they
are activated (turned on) upon contact with a target physiological location, such as the stomach or

small intesting, Agshchian,ngeatihlecuenhmarkar dsnlisLmay e datlgig bat emits a signal

when activated at a target site, for example when it contacts a target body site. The ingestible event
marker 10identiflaprtajwenzipeonipdisentierteliceitindisocspabieviioviliit ddetdctable signal
following actjyation Jlegestibie eyanLmatkelidenifigre ascording-te.sbedimendts Qfihe ugation
include a signal generation component. The ingestible event marker identifier may be configured to
emit a signal BHEHiE COMBaLifibH T B iHb BRI ASHYSRSEINB AP TAPG¥t Bite. B¥pending on
the embedimegisibe targehphysiolegiralsite:on 15l acationiyay ¥anyavihieie soptasastative target
physiological sites qf interest include, but are not limited tQ: a location in the gastrointestinal tract, such
B & e e

as the moutH"&& KAURHOALE, U R He Ol G THRe At VR HriGBEED R VR marker
identifiers mayhecoitfiguregktpleiatipieteibegpion, corftasttivthdtuadhatthe thigetsite, d.gspstomach
fluid, regardless of t rticular composition of the t ite, Wher, ired Ingestible event
b R R R A
composition witteat tdigéephysiolsgidanditeoTinssintdastihe dveimt Mhrdaeidehtfiyemayriierconfigured

to be agfivated a2 [aFeHSiR, WHRIR 106 lraslsitis teached aftshianedlied-aared;ghtime.
Depending on the needs of a particular application, the signal obtained from the 25ingestible event
marker identfREPYHEY & s Eehedesiibdt cyGBhRRBCHHECSFErR icscsighalusativdiran faeitifies that the

composition hias:eRAtaciedheilarget siaditesadiively, thasigpakimayhe ainigueisignel such as a
signal which in some way uniquely identifies that a particular ingestible event marker from a group or

plurality of difféYeft TABRSHER R EHE AiieRE 85 RSCHTBRE L LIS IRGSSE SU8hE markers, has
contacted a fsrgesi3gphysiclagical Siepshdisgoh tibenitgestiole, eventgaapkesiidesitifietimay be one that

emits a,5igng) Iat canNchRe JiRinguished from ihe.signal eittad by, e OGS tRIR, gyt marker

not limited to: a location in the gastromtestinal tract, such as the mouth, esophagus, stomach,
small intestine, large intestine, etc. Ingestible event marker identifiers may be configured to
be activated upon contact with fluid at the target site, e.g., stomach fluid, regardless of the
particular composit.ion of the target site. Where desired, the ingestible event marker

20 identifier may be configured to be activated by interrogation, following contact of the
composition with a target physiological site. The ingestible event marker identifier may be
configured to be activated at a target site, where the target site is reached after a specified
period of time.

Depending on the needs of a particular application, the signal obtained from the

25  ingestible event marker identifier may be a generic signal, such that the signal is a signal that
merely identifies that the composition has contacted the target site. Alternatively, the signal
may be a unique signal, such as a signal which in some way uniquely identifies that a
particular ingestible event marker from a group or plurality of different ingestible event
markers, for example a batch of ingestible event markers, has contacted a target

30 physiological site. As such, the ingestible event marker identifier may be one that emits a

signal that cannot be distinguished from the signal emitted by the ingestible event marker



WO 2009/111664PCT/US2009/036231 identifier of any other ingestible event marker member of a
batch from which the ingestible event markers are obtained. Alternatively, each ingestible event

marker memRkeg, 9§ R patgh of ingestible event markers may have an ingesiiblg@\uggeadser identifier
that emits a unique signal, at least with respect to all of the other ingestible event marker identifiers of

the 5 ingestible event marker members of the batch. The ingestible event marker identifier may emit a
unique signal that is a universally unique signal (where such a signal may be analogous to a human

fingerbrint Weh5 10 T0m s At (esiarcr stamvaihebindividinland Wetplarayoiauely

identifies an individual on"a universal level). The signal may either directly convey information about a

given event, Oeprovidieraarfaeitaiyidg dddeatigohrisimagehieblisat 1o ratkel/adaterhvandiebout the

event from a,daiahase Sueh AsR-HaiaRass dnkingddantitieg: codes- WthappesitipRs, Where
desired, the signal may be encrypted in a manner thatFBrovides control over access to the signal and

informational' ®gHfeE e A dRast REThigaRtfsIle el tha QFReT Tsitihl: e JLegenidraidies o5 Huctive

(near fieyd) L5gignale -vdaich-sighahisene thaidseemnupisatadbitcacoRductivie comEnuRication

protocol that uses bady fluid as a conduction medium (for example, as further described in PCT
published ASPILAHOI BUNEATHA ROWMERSb&I HEN G aoIobA2E 0081005183 and
WO 2008/063862ghacisolosuréis g prhictviard hetsiman Canporated by fieterpmoe)! Depenging on the

given embodi the ingestibl | ifier. 0] ' ' ' : :
Altormativy T e B e oA the same

er identifier may be configured transmit a sign
information (okentidedrsigesils)sewe o o tioneboniregey e culfeetiorrolidistrdtatidenticallsignals may

be collggfivelyrefaraihio. asad edupdanisianabn s iparstitie exentmarkerddepfifiers may vary

depending on the particular 25embodiment and intended application of the composition so long as
they are actidai&dGpBriiesntsptifyine des St BrarsoRHicas o RAER Jstitt a8t RIbMALKE Ingestible

event markeg idgptifiers MmaiRelnde 26 artialionIcarnReeRk«sHeh s A hatiarythatdsacompleted by
stomach acid, and a transmission element. In these embodiments, the identifier may be viewed as

including a "\‘K%’tt‘ﬂ‘éﬂ}éfivo' ower source, which power source at least provides 30 power to the
conductive commumigaii@Bstitoe slenandriraydefitriay 10 0tpt Quideapewen tohibéva oneaofieurtive
Commupbjcatisqgna 8%%%}183%%&{1@? cl;lgaet\(tglqp ggﬂ%l'}%%&t%& %Eg91'ggn%]:igti{{%rceo%munication protocol
that uses body fluid as a conduction medium (for example, as further described in PCT
Published Application Publication Nos. WO 2006/116718; WO 2008/008281; WO
2008/095183 and WO 2008/063626; the disclosures of which are herein incorporated by
reference). Depending on the given embodiment, the ingestible event marker identifier may
20  transmit a given signal once. Alternatively, the ingestible event marker identifier may be
configured transmit a signal with the same information (identical signals), two or more times,
where the collection of discrete identical signals may be collectively referred to as a
redundant signal.
The ingestible event marker idenfifiers may vary depending on the particular
25  embodiment and intended application of the composition so long as they are activated upon
contact with a target physiological location, such as the stomach. Ingestible event marker
identifiers may. include an activation component, such as a battery that is completed by
stomach acid, and a transmission element. In these embodiments, the identifier may be
viewed as including a "wet battery" power source, which power source at least provides

30 power to the conductive communication module, and may or may not provide power to the

non-conductive communication module, as further developed below. Examples of different

10



WO 2009/111661PCT/US2009/036231 types of ingestible event marker identifiers of interest include,
but are not limited to, those ingestible event marker identifiers described in PCT application serial no.
PCT/US2006/3:6:3489Rulished as WO/2006/116718; PCT application serighpesReRss4007/082563
published as W0120081052136; PCT application serial no. 5 PCT/US2007/024225 published as
WO/2008/063626; PCT application serial no. PCT/US2007/022257 published as WO/2008/066617;
PCT application serial no. PCT/1JS2008/052845 published as W0/2008/095183; PCT application

serial no. Pctg‘{e%%%%éé%é%%%@HPJ!%&%&%HMQ(%QQ{%{%&%&Z&E bl aRALGAHANCRAHA0:

PCT11JS20081056296 published as WO/2008/112577; PCT application serial no, 10
PCT/US2008/a56509 (gbliskesaisloydizn dsr1bslie BAnl o dmslicitidfSerial no.
PCT/US20080¢/1753)he disstrswesal whichanediersin dneerpapieddnreierence. An example of
an ingestible event marker of interest is depicted in Figures I1A and 1B. The ingestible event marker 10

shown in FighifedYA24RHOPB e RITEshe fstdfPAtBeRdircdR Gy oheit P figt ¥ etrred to herein as
the identifierpasrwalbag7iprer apobiosved 15nlertmdeas 222 anel 2daphiesadheappes. and lower

electrodes ar g[ ﬁé ﬂé issimilar, m éaé Qﬂi canfigured such that upon contact with
stomach quic}? L? ﬁﬁ#g %%%uﬁﬁ% Sg}?ﬁt‘ég’g\rkzg Sé)ﬁ/c F{(fjlcg)@g%’ egcélr“%]os’r%lurl?gtional blocks in the
circuit to emita’tétszeablessityiapu® hehed akBHFRONANT RE ST eppidcdinciudesa virtual dipole

signal ampliigaionlsupa 30 SAnGs sR(pie R IRFEiBaP A sk, s ayiawed in greater

detail in PCT 20application serial no. PCT/US200 8/077753, t “losure of which is herein
incorporated By r&fERORBES 629 Grp e lesxbrn Y BRSO B M U et 2ppbeisetivaialitenna, a conductive

modulajey, apg-& e RRliRyobhRsigRsIve wystRmsliouisss for examplIRGHVR R dheBattery, which

acts as a power source for various Ingestible Event Marker components. Detection events occur via

25liquid contREM RIS RANEMittbabrsl fieredpoHBIRAA EBIHR IS U REEHiRY ‘GEVRE S The ingestible

event marker devices May.bR Usesl i eanjunsianwitkeregeiersconfiged oFRerie haeonductive
signal emitted by the conductive communication mod\tue of the inggj ible event maker. One example

of an attachabfe rHEuHRETHRE & TR A REREAHEEPFE BT IRl gy Bt 8R! as a Raisin
receiver), pewneariecily 30 as0qidtedastic-a badye{suckhasdmplanied inchH bogyjeonnenoxably

attachable to.an extern3l paron. afa body. Recelvers ofinterast s BUA RGN GL e to. those
receivers WO 200 ﬁ/‘i%?é‘%% %‘TN/%%GZ 8@%@%5&‘1
materials and are configured such that upon contact with stomach fluid cusrent runs through
the integrated circuit to cause one or more functional blocks in the circuit to emit a detectable
signal. The marker shown in FIGS. 1A and 1B includes a virtual dipole signal amplification
element 30 (sometimes referred to herein as a "skirt™), as reviewed in greater detail in PCT
20 application serial no. PCT/US20008/077753, the disclosure of which is herein incorporated
by reference.
In one example, the IEM includes a conductive antenna, a conductive modulator, and
a wet battery. The digestive system liquids, for example, activate the battery, which acts as 2
power source for various Ingestible Event Marker components. Detection events occur via
25  liquid contact. Data is transmitted via the conductive antenna to a receiving device.,
The ingestible event marker devices may be used in conjunction with receivers
configured to receive the conductive signal emitted by the conductive communication
module of the ingestible event maker. One example of an attachable medical device is a
transmitter/receiver (which may be referred to herein as a Raisin receiver), permanently
30 associated with a body (such as implanted in a body) or removably attachable to an external

portion of a body. Receivers of interest include, but are not limited to, those receivers

11



configured to detect a conductively transmitted signal described in PCT Published Application
Publication Nos. WO 2006/116718; WO 2008/008281; WO 2008/095183 and WO 2008/063626; the

disclosures ofyhighsang grein incorporated by reference. As such, the IEM Gagpsbg cpiyxunicably
associated with a transmitting and/or receiving device such as 5the Raisin, supra. The

transmitting/receiving device includes in-body devices, external devices removably or permanently
attachable to the body, and remote devices, i.e., devices not physically associated with the body, but

capable of C%%ﬁ%tni&ﬂg%ew&hﬁ@omg '§éi9'S-a'ﬁéﬁﬂgér}]{'f%fg@é%@%‘éﬁ ﬁm@ﬂdwsﬁgﬁeaf the devices and

systems, including communication-enabled 10pi aging, enable | el?]tlhcatlon of the IEM and
any medicatidfitheriéot firredmNopilV QS U 1Isd o W0 SPRBSARILEVOP a19)8/095183 and
Communicatiwwmﬁb@@mi&ét'tﬁm&%%p@f:mﬁQ@E@a&ﬁ%@wﬁ@w&%@fé@mrkpﬁ%papable of

housing an individual IEM (such as a pill or a limited number of pills or capsules). The IEM packaging
further includ88 COMtER &S BBRESISRPRPIRFE AT Bigs B BRANESIEREH Mty tresHiBditation.
15In varpus @eRedinenis e cammHminaieacanPeRe smeandasovairignde; the@ilalin other
embodiments, the communication components be distributed, e.g., the RF madule or portions
thereof are oy SIGaT BRLRH B AR AL bECRSEAG S A PR E S AR AR Wodule s
physically assacpatedstithtbeingéstidlaedmparientapucle a@pithorcapsudactFbe &xamible, RFID
communicatiﬁlg%%ﬁaﬁelterminated when the pill is 20 removed from the packaging due to the physical

severance o modtile components from the remainder of the device. In one embodiment, the
RFID antenna is locétaduersiitedieditatiohqpdakegingdandiesisepalhato frommthe semaiedéiedf the

device yia a 5RaR; Qi BIGERANISM NHSRIRYERIRG REERMMYHICANLRS W HenoesiRie gomponent

once it has bgegn”removed’from_ its packaging. In another embodiment, the RFID antenna is removed
at 25the time T prarshbsieReiverR et inel pacamyKetipbvadehpneis 6ter RMID module
components 5uekl A% theatR SterRgRpRNONERL cande-asanciataduvith thaRFantenag in such a

way that they are separated from the remainder of the system along with the antenna. Alternatively,
the RF anterif5°BAS I FEheaM Ischmberet Billsenitarshisther BarEdf #rs'Rens frobtddwsparated
from the pill. &% Quehs, iBosemeinsiancep/aideqsha I0fpaitiaroitbe wonmengddgtiecommunication

module.is configured to be separable from the ingestible component in a manner that dges not
e the for a0 ot e S SO ST S BOU B OB TR L Bheation

compromise the function o
module. Oneladiantagecdirsepardtingpartoralbotthe REHD rrodyldiftotnthd canducive

Commu”ica“%ﬁﬁ@%@;&%@iﬁqw&qﬁ%@ggﬁ Lﬁ@wgi\éa%ﬁa@tﬁgg%%gﬁgé%%dg%c%am@yOn of

RFID communications.  In some embc iments, some or all o _ adable on or written to the
RFID systenr@iinBaiasvabieviniselersals seasaREDbe ileckhdbte trrnsonerictiveikictule to

protect patie?np&vagpguﬁowsygaﬁqp@,@ﬁmaﬁgm@@oﬁ%t&rﬁmahﬁﬁge@m@%pﬁﬁr?gration could

P S O e From the SAk e e ot to the D el FEvErames of REID module componerts
from the remainder of the device, In one embodiment, the RFID antenna is located on the
medication packaging and is separated from the remainder of the device via a “snap-off”
mechanism, thus preventing RF communications with the ingestible component once it has
been removed from its packaging. In another embodiment, the RFID antenna is removed at

25  the time the pharmacy delivers IEM to the patient. In the above examples, other RFID

module components, such as a data storage component, can be associatedr with the RF
antenna in such a way that they are separated from the remainder of the system along with
the antenna. Alternatively, the RF antenna could remain attached to the pill while another
part of the RFID module is separated from the pill. As such, in some instances at least a

30 portion of the nen-conductive communication module is configured to be separable from the

ingestible component in a manner that does not compromise the function of the conductive

12



The RFID components can be used to encode the pill or the medication packaging with various data
such as medication identification information, dosage information, lot and 10 batch numbers, and

expiration datgg, Jhes¢igata can be manipulated in any manner to optimizg fypctignality,For example,
guality control processes can read each 1EM's information and aggregate the information consistent

with optimal inventory, shipping tracking, and financial processes. Automated sorters can
communicate with each IEM to efficiently process, sort, and package medications. 15Similarly,

shipping 0pe{é’ﬁ%ﬂﬁn&%ﬂd%en%%%\f&d(ﬁ@%@a%‘trr%ée& E‘éﬁg- g{ege ﬁ?@&ﬁi\éﬁ H?‘?%Cé‘ﬁﬂﬂ jgsnilgagion,

medication location, and so forth. In one exaniple, onice cation distribution has commenced, the
device and s{isteniEs e oBee ticeherkodelsun tdifarameditatio metistich agmightcbiaeceived from

international geipts O%fiem Qtheh ecatiPn < dacking 4egsk regulatory practices. 20Pharmacy operations
can be optimized with use of the devices and systems. For example, upon receipt of medications into

the pharmacy, the SEfPRATSESAHE thaomRanbr Ridkadria BAlrie IR atrtisR e e RIUR receipt of
the expetted preducis apcd-aithenticitlysefshadnedigatignpRfiente gispensingdaeimesisationto a
patient, the pharmacy.can encode, the medication pa kg%ng containers, an ind%ual medications
with patient-ﬁé?fﬁ%ﬁ%/%h?gﬁ%%io CROrExampiE, §ﬂ%‘?1 SrimatsR IRROh RS G entification,
medication idepdificati@oddh depdtienbis fecificivsagediichexpitatideminfionmatipmpbsrther information

includes contraindicgfe dication rnings,.an forth. In.this manner, the history, traceability,
efficacy and Safetyc(% tfgeﬁnh?e Cﬁ(@}gnéﬂyv ca:up E%eé téj e%%o% Pae ;félt .o% &?e megl.éatﬂon acgi‘%in

tion are addressed. ition, various e (0} eﬁts of the
devices can Hitéroperasalstithudispansitg Godliveldcnisyddong aidntdrssge Fotoaranopldoonce

- medicafign IjQImalaRds reafdndhG: Y. 2021 h1a64R 6J RaA0RIA3623] Sysiem,the dispensing

device aggregates various medications into a container or even a single IEM or formulation for a
particular pafighinize figelignaliy e hb sunmeksThetuevtelcanss s very s arciolYahge unit. A very

strong RE deigsfaiasichasan-Ridhwanstondcdaie thatdndividual pillsRasehroseping 9., a Sfunnel
as depicted in certain of the figures, can be used to communicate with the device qutside the body, for

example, withir s Hrfge B-F?L‘%f(babPﬁoﬁ‘}S&fﬁ-n%’&t‘é’ﬂ’é‘?*‘f&cﬁ?%@%@t?ﬂ“ﬁ’éﬂgné%ﬁ pisteraclEMhroximately
1 centimeter :Dinza tiygesteds, baweavepdhedowedngadstthe RFID communication module does not
facilitat?icommuniqgtioqa\l(yith ﬂandom devg'ces i.e., thos laot inten eﬂe%rtauthorized.o communicate

with the 1EM. In thid Man n’ér% &R}g%f/) %66%6%‘6%??‘%?%53? ?ngarﬁ%(é%r% iorized SF Unintentional

communicationdEitiforrepiticassoeiatbdation location, and so forth. In one example, once
medicatien distribution has commenced, the device and system can be used to check for
counterfeit medications, such as might be received from international points or from other
locations lacking good regulatory practices,

20 Pharmacy operations can be optimized with use of the devices and systems. For
example, upon receipt of medications into the pharmacy, the staff can scan the medication
packaging and the medications to ensure receipt of the expected products and authenticity of
the medication. Prior to dispensing the medication to a patient, the pharmacy can encode the
medication packaging, containers, and individual medications with patient-pertinent

25  information, For example, such information includes patient identification, medication
identification and patient-specific dosage and expiration information. Further information
includes contraindicated medications, warnings, and so forth. In this manner, the history,
traceability, efficacy and safety of the medication are addressed.

In addition, various embodiments of the devices can interoperate with dispensing

30 devices in systems of interest. For example, once medication information is read into the

13



with the 1EM are minimized. Higher range RFID devices i.e., functioning with in a range of one meter
to 20 meters, such as one meter to three meters, e.g. 2 meters, may be employed for some tracking

applications. pdhis,applicgtion, privacy protection can be provided by sepg/atioRQf a5 and

conductive communications modules as described above. 15Alternatively, privacy may be provided in
this and any particular communication by employing suitable encryption techniques, such that any
signal of interest where privacy considerations are of concern is encrypted. Any convenient encryption

protocol may e gmploxed. Tie ieguency. ande, G e, REID, Mmoruls, eperates, gay also be

selected to Zaggfquéve various design g ‘Low frequency RF, i.e. radio waves in the Hz/kHz range,
for example, sbetlwéEN S kiarmariaisodok W pakisetrasad@BtkHz, may be preferable for communications

while the device is i UsgJay thenatients Hewevee MAZGHzZ 1a0g8 Rfowe:thdP (he. ranggyof 1 MHz to 1
GHz, such as 13.56 MHz, can facilitate tracking of the system prior to E)atlent use. Multiple RFID

modules carBREdRHAEEWittHATGHE S FHERMaRhe] REE OB &ud difret S sy §rougio e the IEM

reachesghe patient eqviteRmenkiafRuNalianassockated wilh thes Mavintanche tsad devisvariety of
purposes. For example, the 1EM m?% interoperate with the IEM container and with a receiver such as

the Raisin, sOpRAtSMERSTe HaHBR L8R RadmBhRY 18P IBRFtoAta Y 1943 tbdlly the
person for whainteishrescrppexrhuther 3Rgammunicatiomasiivitieswnskidmaniniarpatpmcontrol
system, in which medication informatjon associated with the IEM device is compared against patient
AR s e R e e T e
example, if aimsdicatianndedantiaihdicatod, coubjectitotaptioprdievobagesamountpangttimes, or other

events ﬁpd/orc nditions._dAfte,r Ipa%an,t ingestion inforn]ation stored b]¥ tlhe gEM ay he reco ered from
COnNCerns regarding unautnorize u?één’l tentional Comnmunication of . mmiorma 1& .ass0ciate

one or more of the conimunications mo or example, communication capabillities can be 5
performed aftatitigeBtidrnuantiherdont Udtivsiconan Biidatdoricsmpohantinifos exdniplerasing the

Ingestible Event,Marker and aJRaisin ieesiver.A0 some.embedimenis, adevige with 2 imitad RF range

maintains patient privacy respecting to information stored by the system. Other embodiments of the
system provitfé TemediskatDAPGHREM SmBuilie FHRNGEIEARTEPrBAIRE Gedssertyiths Bévice.

10Data can bepatared #1 fadevice.anerepQarammead withsasiue.digitalsignasve at each

transaction. ) . _ o _ o
15 Alternatively, privacy may be provided in this and any particular communication by

employing suitable encryption techniques, such that any signal of interest where privacy
~ considerations are of concern is encrypted. Any convenient encryption protocol may be
employed. _

The frequency range in which the RFID module operates can also be selected to

20  achieve various design goals. Low frequency RF, i.e. radio waves in the Hz/kHz range, for
example, between 5 kHz and 500 kHz, such as 125 kHz, may be preferable for
communications while the device is in use by the patient. However MHz/GHz range RF, e.g.
in the range of 1 MHz to 1 GHz, such as 13.56 MHz, can facilitate tracking of the system
prior to patient use. Multiple RFID modules can be combined within one system to facilitate

25 these different needs.

Once the 1EM reaches the patient environment, information associated with the IEM
can be used for a variety of purposes. For example, the IEM may interoperate with the IEM
container and with a receiver such as the Raisin, supra, to ensure that the person attempting
to open the IEM container is actually the person for whom it is prescribed. Further

30  communication activities include an information control system, in which medication

information associated with the JEM device is compared against patient data received from
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When patient expulsion of a IEM has taken place, various embodiments permit communication with a
device such as a sensor to determine, for example, data related to the patient or the medication, or

transit time thwgg@o%}gggy. Alternatively, in various 15embodiments, theﬁ%tf%égeﬁﬁsﬁ {or various
components/subcomponents associated with the data are destroyed or separated from the system) to

protect privacy concerns after expulsion. In Figure 2, there is shown a communications
environment 100 including an ingestible event marker device 102, according to one embodiment,
which includes both %tcl:olrg_ductlve co&‘ggnunlcayo_n mod '?@nd an Rng.mod?le. .he,e%FéluIB. mtodule of

. 1. sources o CENMMILE,. 10T X .a medication is confraindica : €C .
the device ZSESS In erapcts via a communication ﬁnﬁni Wl%h a receiver con |gureﬁ (0] r’ece4ve a S|gnal

from at leasttorerodphete dnshistivreccots rrdniosatiorr wibdlUte ot sREI comdrimication module of the

device. For examplg gaceiver 106.may heah REIRWRRE 108 eampysication epirement 100, the
device 102 interacts with, e.g., brings in power from, the RFID wand 106. The RFID wand 106, for

example, op&taiesidhca PRI e INSA Y ARl tr dRE s Bt ac DB ENEHBP teaBpbEH Gaa o the device
102. In this maRpehceAMIPHRIGRAN GanheRrhigved Withpit FeliarseRpdiquid.contaghitoagtivate a

power source. In addition, in certain embodiments, the device 102 is pqwereddltgﬁthe radio signal of the

associated cOfMETEBKR AR ke gnderRas W A7RS Y86, ihsiie ARRALiFmEAE- detitsa yhtovides a
relatively smathsizeRVenatttofaciitateeaseotiogesion iy plantationdnaicienbnoe aretaversal

activities 30re|ated tq the body. WO 2 09/11166IA:}PCT/U82009 31 . .More particularly, Figure 3
Chows the nGURTITE AL ROTEE 167 S R e ebratg o S OB The device
102 includesmepithBRP amdsa ohendeviications module 204. The communications module includes an

integralggl cireuit (4ip\ 206, QB BFANEANA.298% 18A4(5),20. AN A0 ARISNDR, P 202, The pil 202
may have various Spharmaceutical configurations, such capsules, caplets, ggf caps, solid pills, tablets,
and other typashof fiaiEdications. The pill 202 may include a physiologically acceptable vehicle, and

may or may not furtfigr.iNciude: aphaImaseLioal, active 9&%@,tvlm§@mggﬁﬂaxggsm&em'y or

removably affixed to, or integrated with, at least a portion of the pill 202. The chip 206 includes various
combination$ SFESHPHHENTERIFTIRD SHERS A ATt ShEWIR cIDIS ok sripleleu B drfletbi e 815 include or
be otherwiseagssacinige Milll AL BPMNANSPIOASSOIREIORBgE Ulikadiansmiltesand/or receiver, or

O PO e A G P e e T R o RSP e the
data are destroyed or separated from the system) to protect privacy concerns after expulsion.
In Figure 2, there is shown a communications environment 100 including an

ingestible event marker device 102, according to one embodiment, which includes both a
conductive communication module and an RFID module. The RFID module of the device

20 102 interacts via a communication link 104 with a receiver configured to receive a signal
from at least one of the conductive communication module or RFID communication module
of the device. For example, receiver 106 may be an RFID wand 106. In communication
environment 100, the device 102 interacts with, e.g., brings in power from, the RFID wand
106. The RFID wand 106, for example, operates on a radio frequency and transmits data to

25  and/or receives data from the device 102. In this manner, communication can be achieved
without reliance on liquid contact to activate a power source. In addition, in certain
embodiments, the device 102 is powered by the radio signal of the associated communication
device, e.g., RFID wand 106. In this manner, the device 102 provides a relatively small size

overall to facilitate ease of ingestion, implantation, maintenance, and traversal activities

30 related to the body.
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The RF antenna 208 permanently or removably attaches to, or is otherwise in communication with, the
chip 206 via leads 210. In various embodiments, the antenna 210 is 15integrated, or otherwise
associated wi %ggﬂqyggfa skirt 212 (also referred to above as a virtual-gipglesigaatamplifier). In
various embodiments, the antenna skirt 212 can be flexible, inflexible, foldable, unfoldable, rollable,
unrollable, expandable or otherwise manipulated. In this manner, the folded antenna skirt 212
facilitates ingestion/implantation, yet expands in the body to promote communication transmittal and

reception. The anteyng 20skir a1 b mplementefl invavigus.Diaieriale oncombipalpns, gfmaterials
so long as the functionality descri ederein is carried out. I—Elgure shows a cross-s%ectional view
of an ingestibleagedibmiarker debict 300, dbeciuiing 10himsthdesenpbbdihend. Msenimgeistbiaevent

marker 300 ipgliydes packaging.30a Seh as s Risten eagk ik A8 L devigs 399dpclydgs an

RIAD communication module 25 electrically coupled to the RF antenna 208 via the leads 210. The RF

antenna 20884 tel§raE 2 Hio B fTATERNIF &Y miand&F 2 SLTatety Witts tH&Pidtkaging 302. The

chip 206scan e lecatrd Ql-assesiated witheithanhe hlister packps; delwhare sepataiacaruNUNicably
associated chips can be attached to_ the blister pack and the gill._ Alternatively, chi§206 may be part of

an ingestible"85thBoNEHPEASEERBI ) SURH a&24 B et OB AR TR $6 HRIi0Ls a

conductive camnaupigation finadulgcGommunicatoniasspatatadagdth. tTaddisierpask can be achieved
without having 2l ST1e (AR SOMPARENts Qnboald an nasatitla. W portion of e ot 202

2009/11166 compone us providing an a IVe to ingestion of the entire
RFID commUithicabipri(bhiecfdee vipilDnbifxpoardof omponents/silecocpmponents stotvphysically

associajd Wil e, Jpgesfbls, somRanen 8ed A0t RnsiRLol esible MARTAIR Ay llistiated below, an

RFID communication module 204 may be associated to 5 varying degrees with conductive
components BPERTSPE N sPEeexaihpl & ARl S RHaS |Iseharmethe SRR RPSERIH 2opsigAivation system

400, sometimgs %@5@5@9@95@&@& lehisdnpluging.the,RF antenna 208 powered by an induction
power source 402. The induction EOWGI’ source 402 includes, for example, the RFID wand 106 (shown

in Figure 2). The REMSHREMAREDUBALRIIFREAINY BREE R rhsd Hirst FBdantst ¥4, which

modulates a drsighahassaciatadvith dadORvich. canvhecstoredofomexanmpeatananemnary (not

shown) ar other medja. The pill commuynicatign system 400 further includes a conductive antenna
208 polbrod B s BRI TR RE BTy FE 4BV ALad 68 BRI B

or example, "Efgi:gaésative liquids.
The conductwietariteéipnk 438 dsanophiffunidabhyriassooibddthwitls, alsecoatmedubdtdcan be

flexible, inflexible, foldable, unfoldable, roilable, unrollable, ex.pandable or otherwise
manipulated. In this manner, the folded antenna skirt 212 facilitates ingestion/implantation,
yet expands in the body to promote communication transmittal and reception. The antenna
20 skirt can be implemented in various materials or combinations of materials, so long as the
functionality described herein is carried out.
Figure 4 shows a cross-sectional view of an ingestible event marker device 300,
according to another embodiment. The ingestible event marker 300 includes packaging 302,
such as a “blister” pack. Chip 206 of device 300 includes an RFID communication module
25 electrically coupled to the RF antenna 208 via the leads 210. The RT antenna 208 can be
integrated into or formed in any manner associated with the packaging 302. The chip 206
can be located or associated with either the blister pack, e.g., where separate communicably
associated chips can be attached to the blister pack and the pill. Alternatively, chip 206 may
be part of an ingestibie component (mﬁ shown) such as a pill, such as where chip 206 further
30  includes a conductive communication module. Communication associated with the blister

pack can be achieved without having all of the RFID components onboard an ingestible
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15412, which modulates a signal associated with the conductive antenna 408. The second modulator
412 is communicably associated with data 406, which can be associated, for example, in a memory
(not shown) %%t%mgggg. In this manner, common data, e.g. data 406 cgp.beapspiltgd via two
different links, depending on the desired functionality. For example, data can be modulated and
transmitted via the RE antenna 208 during 20 manufacturing, shipping, pharmacy, and home
operations. The same (or different) data can be transmitted via the conductive antenna 408 after

ingestion of the pill, Irl v%rious embodiments, after ex u!sion gr, m_the a time. of eggulsion can be
£ Lovqing an alferidtive ston of the entie )1/ I some

. [o]0] Onept, thus ] C 1URHIC
determined and used, for example.to calculate a total transmittal ime through the bod
embodiments hsieecothalRbtlthel dbvardtoragasthel systempeasntianer abadc2bdestroyesd, vitd. For

example, theypil icligies Ssible.finks.(nataun) oguise,aaxtion of the power to completely erase

data from memory or physically destroy memory. For example, when the conductive communication
module power sourté Tt ey ni R Garet i RsWar Hrevile digifets eritseddtetion. In this
manner 5f the pithis deseveradh tharuis odaiade e setHayad ybreautherizagseurcasand the

patient's privacy interests are 30 preserv,ed._Separating the data into separate modules (not shown)

further allowSAPEHOA S B 008 THESEAREFI: FORS IS5 ET At & Bteted, e.g.

patient or dogagelingahnRifamwnhi el puirea postiondot diae plataitedienrain? e Themelliaation identifying

information. A further agvantage offered by s ation be n portions-of the REID
communicatBEHEATE D T e R e B e e B RIS LR RE 1 oor
obtaining datastoredi8nsthenpilhiidwd ysisfoone:dorimafiisatiodsinodié, fails; e dthegesmodule

remaing availahlg to [acilAle; comMURICAlONg  EPLEXRM0RIS, . QNG AL MOTe COMRANSNIRQN T

e
conductive communications module cease to function, an RFID wahd'106 (shown in Figure g) could
be used to penebehagsiRcommunication system 400 inductively to obtain information from data 406.

The pill communication system 400 further incindes a conductive antenna 408
powered by a wet battery 410. The wet battefy 410 is activated, for example, by digestive
liguids. The conductive antenna 408 is communicably associated with a second modulator

15 412, which modulates a signal associated with the conductive antenna 408. The second
modulator 412 is communicably associated with data 406, which can be associated, for
- example, in a memory (not shown) or other media. In this manner, common data, e.g. data
406 can be transmitted via two different links, depending on the desired functionality.
For example, data can be modulated and transmitted via the RF antenna 208 during
20 manufacturing, shipping, pharmacy, and home operations. The same (or different) data can
be transmitted via the conductive antenna 408 after ingestion of the pill. In various
embodiments, after expulsion from the body, a time of expulsion can be determined and
used, for example, to calculate a total transmittal time through the body.,

In some embodiments, some or all of the data stored on the system can be erased,

25  destroyed, ete. For example, the pill includes fusible links (not shown) and use a portion of
the power to completely erase data from memory or physically destroy memory. For
example, when the conductive communication module power source, e.g. wet battery, is
activated, the power provided triggers data deletion. In this manner, if the pill is recovered
there is no data to be retrieved by unauthorized sources and the patient’s privacy interests are

30  preserved. Separating the data into separate modules (not shown) further allows a postion of
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10Moreover, separating the conductive communication module from the RFID communication module
components facilitates physical disabling of a part of the system via a "snap-off* mechanism as
described SURIR 2o00/FfMIE 6 Shows a schematic of a second pill communjcatipn, gysigr; 00,
according to one embodiment. The second pill communication system includes a spiral conductive RF
15antenna 502, an RF modulator 404, a conductive modulator 412 and data 406. The antenna is
communicably associated with an RF modulator 404 powered by an induction power source. The RF

modulator 43¢, ROGURIERARI908 a30RRIR IS ABIENRN DELEDNNAREA &8 e
communicably associated with data 406, w !ch can be associated, for exampfe, in a memory (not
shown) or otf¥p feehiad Tiezamtier G0 X tiiyihe HEOEBRHfUNIcably associated with a conductive

modulator 412 POWgTRERY. £Gn@avetAlaTY sJhe.aenductive madulater mogpiates a signal

associated with the antenna. The conductive modulator is communicably associated with data 406,
which can bé%%’@i’&?é’@}lfd?‘é‘%ﬁ?ﬂ%fﬁi‘ﬁ %Pﬂﬁié‘ﬁ‘i’d’ﬁﬁﬁﬁ’brpgﬁmﬁﬂnér{%%ﬁ M SR HERRRY, the

second pill cempticAianSYSieM-AcEeMIMOoTRies Dothconsustive.a0sk Rbdirdulatian efsignals
associated with a single 25antenna. ((%%‘ﬁl}FM device featuring a,single antenna which facilitates both

conductive aRGRIE ESMIRtARHRRIRS POt FANTRE tHE EHRPOheht 85 and test costs
associated withntheaamijlgiecsystenvdlonaauer;die nochdcofdaiurel anetiked uadi-H3 eandpdidents are

removed from,the system.. Té\e tential for antenna fajlure is reduc%d when th ys'EFrq.in ludes one
; cEﬁ' sed VS FonY i
antenna rath S??ﬁéln%v%%gaé% |§§'ﬁ% %ﬁé‘\a’/\?s%'pgc %r%gt%ﬂo?(}a ’ﬁll{rl 1%} %%S %eulﬁlcaélf)nn Lé%/ls‘fée:r% 600,
according totormbtem bddimasinn Tieentthitd $ith.communication system 600 includes an antenna 502, a

WO 2099/111664PGT/L52009/036 73 & OGU RIRr 802,405 daish 108D MAdUIRIHO02 modulates a

signal from the antenna 502 and can’be powered by one or more sources, e.g., a wet battery and/or
an inductive pWer s ies Madykecamprisitidit il eehiprel thepioauhiorscd e 195K iBhertz

(KHz) moduIgt%al{]cqfhgge@gmg{%,(;g@lm@@ly@m is a 13 Megahertz (MHz) modulator or other
5frequency bands. In this manner, the second pill communication system 500 accommodates both

inductive and cond &R 6&\%‘?’%@) %E%@%H‘Jaogﬁw@‘?‘éoiﬁ‘dﬁﬁl 5?8?7%?1‘%@%8“&5&5& %@rrﬁ‘fﬁﬂﬁ@‘%ﬁ (ftiple
types of comsuaisbdimninTHpieccampiuaieationi emvianmentaciidesackmniagageticomponent

rieraen < LSk Epue ol = L st b e o g gue o
module 604,is communicably associated with an RF medulator 404 powered by an induction power
source. The RF modulator 404 modulates a signal associated with the antenna. The RF
modulator 404 is communicably associated with data 406, which can be associated, for
example, in a memory (not shown) or other media. The antenna 302 is further
20 communicably associated with a conductive modulator 412 powered by, e.g., a wet battery.
The conductive modulator modulates a signal associated with the antenna. The conductive
modulator is communicably associated with data 4006, which can be associated, for example,
in a memory {not shown) or other media. In this manner, the second pill comumunication
system acconumodates both conductive and RF modulation of signals associated with a single
25  antenna. An IEM device featuring a single antenna which facilitates both conductive and RF
communications would potentially reduce the component, design, and test costs associated
with the complete system. Moreover, the modes of failure are reduced as components are
removed from the system. The potential for antenna failure is reduced when the system
includes one antenna rather than two.
30 Figure 7 shows a schematic of a third pill communication system 600, according to

one embodiment. The third pill communication system 600 includes an antenna 502, a
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according to one embodiment. The first RFID module 602 is configured in association with a small chip
606 (integrated circuit or flexible electrode). The small chip 606 is, for example, between 10

micrometers Wﬁggmqg&eters on a side, such as 100 micrometers to 5 W@W@%@&&)/ﬁs&s?ne

millimeter on a side, having a cathode on a first side (not shown) and an 15anode on a second side
(not shown). The chip 606 is embedded in a skirt 608 by which conductive transmission is generated
by modulating current. An antenna 504 runs along, i.e., is associated with, the perimeter of the chip

606. The ant 04 includes, f le, [ti- [ti-] . that t
o N B e TR A e O st e

Y smaill. varloqs em' odiments, an
insulating layer @iotbshpwweydd Pomgoduees sVEEthe gntemishiBOariorastten radge earerample, the

insulting layey,neludes, seveidldpsired, MIgns fPIASHA AYEE3S:anerRa sl ki) manner, the

pharmaceutical RF1D unit 602 is compact, and therefore easily ingestible/implantable while still

operable in dRC4EtEPtable CERHIAREHO rAgeaif Vafida Msddrembotimend: ot ahtsbiia 504
matchessa refeagiiveyindex ofthe hedyndn thisimannpi heRHR angpadaciiitaiesintasandy.,

25intrabody, and extrabody communications. The second RF1D madule 604 is configured in
association VR "SHFAN TN B VMG T ERRBES TAY8r (Ot SRS B EP 8t e Ehip 606. The layer
of metal is patignnedyvithl the anienstc oo augatidensetypatternechwittatie antéonad04 Having a
multi-turned, spiral-patterned design. The metal. r has slits cut.therein, such as single spiral slit cut.
Sowhen the LA LR o AT A Mo U S A SRR vides the
substrate forwitfathihgr tiedicsitivodlelandialse tHeouperncoliedosfgemxtracting WO

2009/114664PCT/\SAR0910302 3 b SRIISPLERRIGN TR I DRI IRN0SIA REBTIRANR 834 becomes

shorted when wet, thus permitting the RF1D module to function in aq%?/ environment (manufacturing,
pharmacy, ef€qtdingade krfigubogRIREnnanfual G ERsprdite BBdy cTMEHivhidAsEOpRVaEYMH} disabling
RFID commuynicaiiQiswith the-lifeeucle Rhesma e madicsisy stem whiledtis dodhe fedy. Sin various

embodiments, the antenna 504 is configured according to any pattern and/or location respective to the
lifecycle phafFToMAIRE %9&1%%‘?%%?[‘@- SAAUTIE B ESEhpIE e sfRIgs AQHiYrEenEHes?
multi-turned, ;girightreuryeshsingienayesnmulticlayeingnd athe: designg sidd combinatipnsl ah designs.

Figure 9 shows an ingestible event marker identifier that include REID 10 mupnication module,
accordi?gto %{W%em o} |erﬁ%rﬁ$.sf§€ﬁfboﬁr%§fvf%h/er@§e%ﬁ |er%6?)efﬁ%f§3a8% %ﬁt%br%%gggc?r%m 1é%lmponent 910
and skirt 920cdmdegistathchoisiticomponante8 1Y motudes1bothrancoAductivenaditvhrumicadion module and

o 210 oo s B0 apejrcen ARG St
multi-turp/multi-layer antenna that acts as the antenna for an RIFD link. In one embodiment,
the antenna is relatively small. In various embodiments, an insulating layer (not shown) is

20  introdoces over the antenna 504 to extend range. For example, the insulting layer includes
several hundred microns of plastic over the antenna 504. Tn this manner, the pharmaceutical
RFID unit 602 is compact, and therefore easily ingestible/implantable while still operable in
an acceptable communication range. In various other embodiments, the antenna 504 matches
a refractive index of the body. In this manner, the RFID antenna facilitates interbody,

25 intrabody, and extrabody communications.

The second RFID module 604 is configured in association with a small chip 606
having a cathode layer (not shown) on top of the chip 606. The layer of metal is patterned
with the antenna 504, e.g., densely patterned with the antenna 504 having a multi-turned,
spiral-patterned design. The metal layer has siits cut therein, such as single spiral slit cut,

30  When the cathode material is deposited, the antenna 504 serves as a cenductor which

provides the substrate for attaching the cathode and also the current collector for extracting
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15 conductive communication modules, such as RF1D communications modules, find use in a variety
of different applications which may span the product lifetime of an ingestible event marker. Abilities
and functionalities;mayided by such identifiers include, but are not limited {Q: ¥gackogREEEM identifier
information and storing pedigree information at of one or more of the TEM manufacturing stage, supply
chain stage, pharmacy management stage, and 20 patient use stage. Complete pedigrees for a given
IEM, from manufacture to use and/or disposal may readily be obtained. Audit capability may be

provided at eyery; poinidn 11e.SHRP chai-ALOAleR-SaHIA0 galss and.GRuRiggLaRiic signatures may

be employed to verify product authenticity, as desired. IEM devices including both conductive
communicatisHBina he EdduEadBIo B dBraHNIHIE AtsH SHOERNES phEY e fsbHE s 48§ any
convenient manWactelingiRiMQsRirdnSeme nsiangesdbedpanyfasturine - Protessl thakissamployed is
a high-throughput manufacturing protocal. Such high-throughput manufacturing protqocals include, but
are not limitddl 10, tABEEGESERBEY T Uifitder Bt BL BRaVIEII IKH I EHON S E AP Nb 6 DA%, 849, the
disclosuse of whichiisJagreincineorpacatedtayrefaneioe i Onea high-dhkeuvghpgtSthmpatdacturing
protocol in which the TEM includes an.identifier having both conductive a FID.c ication
odules and abloT BB ALt LR B Rl Aea gy Patern? SEIIE 10
20091111664RE@PIEUIPROBILIBG2S] amvactivel pharmacautight, agentisisghdmaticallitillastrated in
Figure 10. ngdpg& ?ﬁésil[’g%%ﬁ%’ﬁ?&ﬁqzi_en@%&' @begins with an IEM identifier 1010 that includes
RF [

and conductive and RFID communication module {such as the identifier illustrated in Figure 9) being
combined with an ddguseshalimidcauticasEe avoammisdigepriisiclsgivalydateebiaBle vehicle 1020

into 5a fgblet M atistage I%QQDLQ@,FQHQ%MH@ {ablel rempressianringd esuliantiaklelmay be coated at
stage 1040 and any printing or labeling applied at staq; 1050 to product the final TEM. Next, the 1EM
Slc

is sent to bulRPadkaGiRE el To6 oW tHd taut kst Ptk plreaitd Frork RROROERINEAN at stage
1070 to phanmagcy-1086 focddimate saientonk stisiaman Baxd :a0-livstiatesnexamplasdigoints in the

process where the. REIR communication module be 10 employed to transmit information to the
IBM and or rg% ’l\‘%Eb %%rﬁ]efﬁdﬂc PSS fhe t.e}%%z?rge%mple, programming information may be

transmitted to the |BM/videthigiRREHR (Gorhrie hichtondwodulecatramyiofipoimtsiiR9and 664, 1096 and

1098. Alternatively .and/or in addition to transmittin ramming information.to the.IEM.via the RFID
comm heat B A B By e
retrieved 15froriethef TEfrentamylsktiusevboinmar pandhfapiiite bistkegiigndoetsidhlhameiling, etc.

Figure 11 proyides aA‘GﬁY&é&faﬁéﬁfﬁ%{iﬁﬁi&@s%%ﬁgw&aﬁ' iR CRCRMEH ROBMILES, hele the

sorter device may be used in a manufacturing, and supply chain and/or pharmacy system (for example
at any of poifts’sgpg PHTAMidus ! Hatinous s g et RsPisare I O THEIONASCA PaFgET RIfber of
IEMs 1110, wheterthe Fahshehite;20-00thtoeaMativa:ans Rinloycammunieatian:magyles, such as
the IEM, shown jn Figure 9. Funnel 1120 dispenses IEMSs into dispenser.counter 1130. Dispenser
counter 113 HEIARS 125 of SRR PP KB EotrHHca EYe T e 5 HBwn in the
figure). Dispenpetdatniesittivstesbiabed 13idinvbighbanguies slispevisinbuot e:singliat mivhat a time into

container 1140, q:or}}%rgegl%mote%fllled wit |(Sj(§rrllélf|ed and sgrted TEMS. 25AN exam l%d% an

embodiment o Bontainer 11AY1s sﬁ%%ﬂgiﬁ '|gure irﬁl.p@élr}al%lﬁcesrl P57 ?d’ure |r?§Fu es multiple
TFMs 1110 thattyavedoeemitienitifigd byisystém 1100. Container also includes an RFID tag, 1150 and

a bar code 1160. AW@%J%ﬂ%ﬁR&%&%@)tﬂ-%ductwe communication and non-conductive

25  communication modnles may be fabricated using any convenient manufacturing protocol, In
some instances, the manufacturing protocol that is employed is a high-throughput
manufacturing protocol. Such high-thronghput manufacturing protocols include, but are not
limited to, those described in {nited States Provisional Application Serial No. 61/142,849,
the disclosure of which is herein incorporated by reference. One high-throughput

30 manufacturing protocol in which the IEM includes an identifier having both conductive and

RFID communication moduies and a tablet physiologically acceptable carrier that includes

20



system 1100 and container 1140 may be employed with an informatics system to readily know the
exact contents of the container, including the pedigree information for each TEM 30present in the

container. WQ 2009/111664PCT/US2009/036231 Figure 13 provides a floyy-¢iggya),9fap IEM
product lifetime and provides examples of the types of information that be generated by IEM devices

that include both conductive and non-conductive communication modules. In Figure 13, raw materials
from raw material suppliers 1300 are sent to manufactures 1310 for manufacture of IEMs. 5Distributor

1315 and 1320 transfer |IEMs from the .anlﬁfact re to. QQartmaac Sl hﬁ;: amg pig l-P gnacy 1330
or retail phar%lgg)%vf’ﬁg} anc ﬂqﬁﬁ%g eIif/ {0a fgtmleﬁ:ta%ﬁ).s 8r?-cglncf\§c§\e}ely comrﬁlgn%icsat% information

may be empl8yedpdon toipatidfttiegjastion o, Eavbisgrsther Kid ks npisirdenfbeqndntiee and
authenticatioggfie ARG h3ddARA40S frstdisiEiauarnlided Rravidefor vaHied praduct

repackaging between the first distributor 1315 10and the second distributor 1320, accurately
implement prEsRABHSHRIMg B prirALRSFAtEZd Braﬂéﬁﬁ’bﬁﬂ‘f)%%%@ﬂlmIﬁ?@eéﬁh}%?’é’éﬂadgﬁg obtained
information Gaathe: emplaveshtor obtainstesing nformationdran the patieatdadRwhighdsemployed by

health care practitioners 1350 as well as pharmacies (to manage_ prescriptjons) and facturers.
1910 (for ma R TR R A2 GO L RO, B0 3 FUPSEeR Shbod 1Ew

15informatioNeve durtid deseitibebhit PCRaPuplished @qip idatiomhP ublidatiobulNos:Wige 2006/116718;

WO 2008/008281; WO 2008/0951 d WO 2008/ 26 the disclosures of which are herein
incorporated@gifseifge?}éiﬁgggﬁ(i%t%%et?eg @?&’é%‘é%%%%%@%ﬁfg’fn‘%}“é n ?ct)%séen%ﬁi%ligté}gl '(e(g'(;)géjffigg?agr
embodiments12@describenplas gushmmay hamokess slbotchsdRindestoochibatichentehrimolpgy used

herein igfor the pLROsE of desGHRINGRBRIS YR RRIbAdIMSRLS 00l RS RARAIBRARSUCRE limiting,

since the scope of the present invention will be limited only by the appended claims. Where a
range of valuE4iPraviBamns Livdersesion that katRiHBRreithigyHIdé vid BieRBHeh of the unit of the

lower limit unigssathe-capiaxbelgany.dictatas RthepvisedactwesnndSthesurRerAndQueatimit of that
range and any other stated or intervening value in that stated ranae, is encompassed within the

invention. THESBRAAHASIWEMERISEIIES GRamerPageRetia inadpelh é‘ﬁpﬁyfﬂ@mﬁi@% in the
smaller ranges,and arenalsopnaenpassedivitie ihe inventiea:subjectsamanyspesifieatyiexaiuded

imitin e stated range, Where the statet range ndudes nscenasih of e il gnges excluding
either ot bot 18ﬂﬁ%%' include S pOILS, €.8-» ' packagmng, & & ctc.

Figure 11 provides a view of a sorter device that includes an RFID
receiver/transmitter, where the sorter device may be used in a manufacturing, and supply
chain and/or pharmacy system (for example at any of points 1092, 1094, 1096 and 1098, In
Figure 11, hopper 1100 includes a larger number of IEMs 1110, where the IEMs include

20  both conductive and RFID communication modules, such as the IEM shown in Figure 9.
Funnel 1120 dispenses IEMs into dispenser counter 1130. Dispenser counter 1130 includes 1,
2 or 3 coils 1135 for RFID communication {where three are shown in the figure). Dispenser
counter includes tube 1137 which ensures dispensing of a single IEM at a time into container
1140. Container 1140 is filled with identified and sorted IEMs.

25 An example of an embodiment of container 1140 is shown in Figure 12. Container
1140 of figure 12 includes multiple IEMs 1110 that have been identified by system 1100,
Container also includes an RFID tag, 1150 and a bar code 1160, Also shown is cap 1170. The
system 1100 and container 1140 may be employed with an informatics system to readily
know the exact contents of the container, including the pedigree information for each IEM

30  present in the container.
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30limits are also included in the invention. WO 200911n 664PCT/US2009/036231  Unless defined
otherwise, all technical and scientific terms used herein have the same meaning as commonly

understood bwﬁ,‘%fﬂqqgmary skill in the art to which this invention belongﬁc?}{@ﬁg%%g methods
and materials similar or equivalent to those described herein can also be used in the practice or testing

of the present invention, representative illustrative 5methods and materials are now described. All
publications and patents cited in this specification are herein incorporated by reference as if each

individual publicatian or nt were specifically and individually indicated to be incorporated by
reference and are %nf:%%go?aﬁgﬁ) %‘F&Eﬁ waréfﬁér%gqt%nﬂgg&ég@réﬂ ﬁgtggﬁﬁrelﬁ)ﬁéwmle?gods and/or
materials in copmebtion itlynhichitHerpablivations grect@iter [Aelcitatiothofiadygsuiglibation is for its

disclosure prigr, 49 4 filing, date ARd sRon, AARRG LANRIMAT 25 2LaMissian MRLINR pgsent

invention is not entitled to antedate such publication by virtue of prior invention. Further, the dates of
publication previdetHshy walimdift Frefithe averbpubtichtibhioarawWateH heayiRded to be

independently;cemfikniad ¥ isdoted thatraItoed-beralp Ansindhe-ap a@ﬂgﬁﬁa%{qim& the singular
forms "a", 15 "an”, and "the" include plural referents unless the context clearly dictates otherwise. It is

further noted A1 M ERARTRE hidP 195 ‘GHatebrtB e idde: 4Ry ey dR e AL 0N s statement
is intended tesenvei a8 priesedasithasis ian s ohsush explogiie teinnalegy asesalehs. "only” and

the like in connectiorkwith the.recitatio(%] fclaigl elen‘hents or usﬂ%eeof a 'g')gﬁativ " 1if5nit ti%n. 20Certain
[ €

mong other activities, provige for product authenti¢ation many rer, 1318 and the first,,
ranges havegbeer%presenctec} Heréin With AUmernicaf vaues %elng prece y the tefm BBt The

term "about" dsugedohéidin toouidy e Yitefadsupport fomnthe grabtanbdr thet diprdeedess s well as a
numbenhat s e’ Al ARRIHINR1S e IUMRELIBRRIDR IR AlEEEARR I IREIMIANG hether 2
number IS near to or apprommatgly a specitcally yecfe ny er, tﬁe near 0] ap%rommgtlng unrecited
number maydd B auribde2avitials, dnarve Cortestivipl woliehneds g resesitatk 4prbvidesl eieddgbstantial

equivalent of e SREGHIC A FAGHSH RUMBE atien S WL REARPAERNG §e1tBOSE b3k in the art upon

reading this disclosure, each of the individual embodiments described and illustrated herein has

discrete comPiafiéiacand bt raelaniehrimay el By Sasr el Fronst BermbiaBHcHits the features
of any of the 36 athetspvaral-arbadmantsayvithgetdapasiting freRvineSeeRe OF sPikihef kg present

15 information are further described in PCT Published Application Publication Nos. WO
2006/116718; WO 2008/008281; WO 2008/095183 and WO 2008/063626; the disclosures of

which are herein incorporated by reference.

It is to be understood that this invention is not limited to particular embodiments
20 described, as such may vary, Itis also to be understood that the terminology used herein is
for the purpose of describing particular embediments only, and is not intended to be limiting,
since the scope of the present invention will be limited only by the appended claims.
Where a range of valnes is provided, it is understood that each intervening vahae, to
the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between
25  the upper and lower limit of that range and any other stated or intervening value in that stated
range, is encompassed within the invention. The upper and lower limits of these smaller
ranges may independently be included in the smaller ranges and are also encompassed within
the invention, subject to any specifically excluded limit in the stated range. Where the stated
range includes one or both of the limits, ranges excluding either or both of those included

30 linuts are a2iso included in the invention,
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WO 2009/111664PCT/US2009/036231 invention. Any recited method can be carried out in the order
of events recited or in any other order which is logically possible. Although the foregoing invention has

been describgginsomedetail by way of illustration and example for purpoges,of £lsyity:of,
understanding, it is readily apparent to 5those of ordinary skill in the art in light of the teachings of this

invention that certain changes and modifications may be made thereto without departing from the spirit
or scope of the appended claims. Accordingly, the preceding merely illustrates the principles of the

invention. It will be appreciaiad fhatase siiled in.he st be gble. B.dewise varlaus arapgements
which, 10although not explicitly described or shown herein, embody the principles of the invention and
are includedmythingtss spiritrendy seolses teadriermorertdinaarples dnditénditichahiamgyeaigerecited

herein are p%@ﬂﬁ%.'mﬂwu%ﬁ%? AIGNG ERRA I MAERANGIBG.IS ARCIRIGS A IMenEgn and the

concepts contributed by the inventors to furthering the art, and are to be construed as being without -
limitation to SBERIEHEEHRAIN? FBERERF BSearh ednard b minioHs "YSNIBFe RS self ¥ tatd st Ferein
reciting grinGiplesdaspeeiaang; arabgdinnapts,af the invention as well as specific examples thereof,
are intended to encompass both structural and functional equivalents thereof. Additionally, it is

intended that such @JuIVRISAIS AR Sidnib% A R EYRvAIEh Y developed in
the future, i.eefatycelementshdevridpadtiat perfasmpibesasme duwetlicn] wegarcdessiefistructure. The

scope of the,present & ir&‘é%&‘}io?at”%h jefore. is notintended 19,be imited & e 2XMPIAY 10
embodiments shown an& escl%eg ein. I?Qnat%er, t%e SCO an Spli’l% 0] resenlt invention I1s

embodied bythHelegppbadedisidings. a0 2009141k 16 64RCTHUSR009/086 281 plthatim@Glaimed is: 1.A
device fEMPIRIRGRANINAGAIAIG SONBRRERLGOMPHS Rg AN INIGITALRH GY aoil FOMPHRARORductive
not be construed as an admission that the present invention is not entitled to antedate such
publication by virtue of prior invention. Further, the dates of publication provided may be
different from the actual publication dates which may need to be independently confirmed.
It is noted that, as used herein and in the appended claims, the singular forms “a”,
15 “an”, and “the” include plural referents unless the context clearly dictates otherwise. Tt is
further noted that the claims may be drafted to exclude any optional element. As such, this
statement is intended to serve as antecedent basis for use of such exclusive terminology as

il

“solely,” “only” and the like in connection with the recitation of claim elements, or use of a
“negative” limitétion.

20 Certain ranges have been presented herein with numerical values being preceded by
the term "about.” The term "about” 1s used herein to provide literal support for the exact
number that it precedes, as well as a number that is near to or approximately the number that
the term precedes. In determining whether a number is near to or approximately a
specifically recited number, the near or approximating .unrecited number may be a number

25 which, in the context in which it is presented, provides the substantial equivalent of the
specifically recited number,

As will be apparent to those of skill in the art upon reading this disclosure, each of the
individual embodiments described and illustrated herein has discrete components and

features which may be readily separated from or combined with the features of any of the

30 other several embodiments without departing from the scope or spirit of the present
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5 communication module; and a second non-conductive communication module. The device of claim
1, wherein the second non-conductive communication module comprises at least one module selected

from the groua,g%@'ﬁtjq&‘pf a wireless radio- 10 frequency module, a mag#@fjfbéggd%tﬁg%{nodule, an
6 o< :

optical module, an acoustic module, and a wired module. The device aim 2, wherein the
wireless radio-frequency module comprises a radio-frequency identification module.  The device of
claim 2, wherein the optical module comprises an infrared frequency module. The device of claim 1,

wherein the ingestible component e?ri%%lpéés Sef% %%e&g?fﬂﬁg '8rdefTo'}%9é% lce ol glaim, ?.h%’é’&%%?'”.the
power source comprises’a pair of electrodes fabricated from dissimilar materials. he device of
claim 5, whepedarthbideiddezoadhpriseshi second power source 25electrically coupled to the

non-conductive compRtiRymate  Thesvice alalaim Apwhereihihe sRsond.payer source

comprises a coil. e device of Claim 1, wherein the ingestible component comprises the non-

30 conductivRleBiADARBEFHIRIS don @1 pees o9 seuplaTrydPet/o362BYY 2ppaThEtdevice of

claim 9, wheygig thesaan:epadUGHvEcomMunication medulesdsmlgeticallicouplediathadngestible
component integrated circuit. 11. The device of ¢claim 10, wherein the ingestible component integrated

circuit, ScondNefRRUsHRN RAYEA Md e sddthetderpbrsdioot theshEi-coigae fidhe

appended claims.
Accordingly, the preceding merely iilustrates the principles of the invention. It will
be appreciated that those skilled in the art will be able to devise various arrangements which,
10 although not explicitly described or shown herein, embody the principles of the invention and
are included within its spirit and scope. Furthermore, all examples and conditional language
recited herein are principally intended to aid the reader in understanding the principles of the
invention and the concepts contributed by the inventors to furthering the art, and are to be
construed as being without limitation to such specifically recited examples and conditions.
15 Moreover, all statements herein reciting principles, aspects, and embodiments of the
invention as well as specific examples thereof, are intended to encompass both structural and
functional equivalents thereof. Additionally, it is intended that such equivalents include both
currently known equivalents and equivalents developed in the future, i.e., any elements
developed that perform the same function, regardless of structure. The scope of the present
20y  invention, therefore, is not intended to be limited to the exemplary embodiments shown and
described herein. Rather, the scope and spirit of present invention is embodied by the

appended claims,
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communication module are integrated into an identifier component. 12. The device of claim 10,
wherein the non-conductive communication module comprises a non-conductive transmitter. 10 13.
The device ofgpmcldii¢lperein the non-conductive transmitter is associateg-yiksihagigastible
component. 14. The device of claim 12, wherein the non-conductive transmitter is associated with a
15packaging component of the device. 15. The device of claim 1, wherein the non-conductive
communication module is electrically coupled to a second integrated circuit that is distinct from the
ingestible cogpanept ipiegrated circuit. 20 16. The device of claim 15, wherein the second integrated
circuit and ingestible component integrated circuit are configured to communicate with each other. 17.
The device of claim 1, wherein at least a portion of the non-conductive 25communication module is
configured tq be sepakahie fipmpib@dngestible component in a manner that does not compromise the
function of the conductive communication module. 18. The device of claim 1, wherein the ingestible
component compriéBdiERsHBIR A PR COTRRTAT A AR (N S6 B Y58 AT IRBH RIDEB866/036231 19.
- The device afglaimikaidrereinutbeairpestible component comprises a physiologically acceptable

vehicle. 20. The device of claim 18, wherein the .phgsiolog&cfllly acceptable vehicle is configured
a second non-conductive conpmunication maoaule.

2. The device of claim 1, wherein the second non-conductive communication module
comprises at least one module selected from the group consisting of a wireless radio-
10 frequency module, a magnetic induction module, an optical module, an acoustic module, and

a wired module,

3 The device of claim 2, wherein the wireless radio-frequency module comprises &

radio-frequency identification module.

15
4. The device of claim 2, wherein the optical module comprises an infrared frequency
module. |
5. The device of claim 1, wherein the ingestible component comprises a power source.
20
6. The device of claim 5, wherein the power source comprises a pair of electrodes

fabricated from dissimilar materials,

7. The device of claim 5, wherein the device comprises a second power source

25  electrically coupled to the non-conductive communication module,

8. The device of claim 7, wherein the second power source comprises a coil,

5. The device of claim 1, wherein the ingestible component comprises the non-

30  conductive comumunication module,
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5as a tablet or capsule. 21A system comprising: ~ an ingestible component comprising an integrated
circuit comprising a conductive communication module configured to emit a first signal; 10a second
non-conductivg&osmenynigation module configured to emit a second signal;xaickRiReRes, Wherein the
receiver, conductive communication module and non-conductive communication module are

- configured to provide for transmission of information between 15 the receiver and at least one of the
conductive communication module and the nonconductive communication module. 22. The system of

claim 21, whyein tha ageivelis saniowrdaq iReaiye.ahleash 0us ot adint siapajand the second

signal. 23. The system of claim 22, wherein the receiver is configured to receive the second signal.

24. The systétectfasiairaorslon Fetedringrs fblectosiresmpiises dadeitfrequency reader. 25. The system
of claim 23, wherein the receiver is configured transmit information to the non-conductive
communication module. 26. The system of claim 23, wherein the receiver is a component chosen

from a systerh 30selBe & FBRT thiTgrdlpresisdidiinder bl rRRRTg pLasied SEpIY chain
managementonéa:2 G0 L1664 BARUBEABAst 2 portion of the non-conductive

communication module are integrated into an identifier component.

12, The device of claim 10, wherein the non-conductive communication module
comprises a non-conductive transmitter,

10
13, The device of claim 12, wherein the non-conductive transmitter is associated with the

ingestible component.

14, The device of claim 12, wherein the non-conductive transmitier is associated with a

15 packaging component of the device.

15. The device of claim 1, wherein the non-conductive communication module is

electrically coupled to a second integrated circuit that is distinct from the ingestible

component integrated circuit, |
20

16. The device of claim 15, wherein the second integrated circuit and ingestible

component integrated circuit are configured to communicate with each other.

17. The device of claim 1, wherein at least a portion of the non-conductive
25  communication module is configured to be separable from the ingestible component in a

manner that does not compromise the function of the conductive communication module.
18.  The device of claim 1, wherein the ingestible component comprises an active

pharmaceutical agent.
30
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systems and health care management systems. 27. The system of claim 26, wherein the receiver is a
component of a manufacturing system. 5 28. The system of claim 27, wherein the receiver is
associated Wl%gz%%;eﬁ 29 The system of claim 27, wherein the receiver &«}ﬁ;ﬁ(&@}gﬁgﬂth an
encoder. 10 30.The system of claim 26, wherein the receiver is a component of supply chain
management system. 31.The system of claim 30, wherein the receiver is associated with a tracker. 15
32.The system of claim 26, wherein the receiver is a component of a health care management system.

33.The system of clajm 32, wherein the r celve Is.ass ted with a scanner. 20 tem of
~ claim 32, Whgri"l‘eln trlﬁehregceli\?gro IS associated with an' ?;%%la FoP %’gml'%omgmfa ysf gﬁﬁ Ivherein

the receiver iscceptfiglarechic¢he first signal. 36. The system of claim 35, wherein the first signal
comprises non-physiologic data 25 37. The system of claim 36, wherein the receiver is configured to
be removably attached to a living being. - 38. The system of claim 37, wherein the receiver

comprises arr@dhedive ¢vnsponelinsty. WW“FH@WH%%@M@SP%@WQW@%@@W@% an
implantable receiMglet or capsule.

21. A system comprising:
an ingestible component comprising an integrated circuit comprising a conductive
communication module configured to emit a first signal;
10 a second non-conductive communication module configured to emit a second signal;
and
a receiver,
wherein the receiver, conductive communication module and non-conductive
communication module are configured to provide for transmission of information between
15  the receiver and at least one of the conductive communication module and the non-

conductive communication module.

22.  The system of claim 21, wherein the receiver is configured to receive at feast one of

the first signal and the second signal.

20
23.  The system of claim 22, wherein the receiver is configured to receive the second
signal.
24.  The system of claim 23, wherein the receiver comprises a radio-frequency reader.
25 |
25.  The system of claim 23, wherein the receiver is configured transmit information to

the non-conductive communication module,

26.  The system of claim 23, wherein the receiver is a component chosen from a system

30 selected from the group consisting of manufacturing systems, supply chain management

27



28 WO 2009/111664PCT/US2009/036231 40.The system of claim 35, wherein the receiver is _
configured as an electrical stimulation device. 5 41.A method, comprising: detecting at least one of a

first signal anga, segRndggignal from a device comprising: an ingestible companes,eamprising an
integrated circuit comprising a conductive communication module configured to emit the first signal;

and at least a portion of second non-conductive communication module configured to 10emit
the second signal. 42. The method of claim 41, wherein the method includes detecting the first

signal. 4%&@1@1%5!}%18{ claim 41 Ql%h(%igygmethod includes detecting the second signal. 15
n the

4-4.The methdd of claim 41, wherei method includes detecting the first signal and the second

signal. 45. A method comprising: 20emitting at least one of a first signal or a second signal from a

device COMPHSING: The YR IASIHPIBCOMNRIBRAN AMRKISIRG AN MIgEHALSH FHICHILABRRANIFRG a
conductive communication module configured to emit the first signal; and at least a portion of
second non-éttatictive communication module configured to emit the second signal. 25 46. The
method gf claim 45, wherein the method includes emitting the first signal.

28. The system of claim 27, wherein the receiver is associated with a sorter.
29, The system of claim 27, wherein the receiver is asgociated with an encoder.

10 30, The system of claim 26, wherein the receiver is a component of supply chain

management systein.,
31.  The system of claim 30, wherein the seceiver is associated with a tracker.

15  32.  The system of claim 26, wherein the receiver is a component of a health care

manggement system,

33.  The system of claim 32, wherein the receiver is associated with a scanner.
20 34, The system of claim 32, wherein the receiver is associated with an encoder.

35.  The system of claim 22, wherein the receiver is configured to the first signal.

36.  The system of claim 35, wherein the first signal comprises non-physiologic data.

25
37.  The system of claim 36, wherein the receiver is configured to be removabiy attached
to a living being.
38.  The system of claim 37, wherein the receiver comprises an adhesive component.

30

39.  The system of claim 35, wherein the receiver is an implantable receiver.

28



47. The method of claim 45, wherein the method includes emitting the second signal. 30 48.The
method of claim 45, wherein the method includes emitting the first signal and the second signal. WO

2009/111664R¢TIN92009/036231 49. A method, comprising: transmitgegfﬁsgig%!;&ggween a
non-conductive communication module and a receiver, wherein the non-conductive communication

module is a component of a device comprising: 5an ingestible component comprising an integrated
circuit comprising a conductive communication module; and the second non-conductive
communication module. 50. The method of claim 49, wherein the receiver is a component chosen from
a system 10selected from the group consisting of manufacturing systems, supply chain management
systems and4fealthlésrey sranaf elriant Systerms B¢ rRisevenétivoulictding BOclsttereirsthalaceaiver is a
component of amanufacturing g system. 15 52. The method of claim 51, wherein the manufacturing
system is a high-throughput manufacturing system.

5 41. A method, comprising:
detecting at least one of a first signal and a second signal from a device comprising:
an ingestible component comprising an integrated circuit comprising a conductive
communication module configured to emit the first signal; and
at Jeast a portion of second non-conductive communication module configured to

10 emit the second signal.
42.  'The method of claim 41, wherein the method includes detecting the first signal.

43, The method of claim 41, wherein the method includes detecting the second signal,
15
44, The method of claim 41, wherein the method includes detecting the first signal and

the second signal.

45. A method comprising:
20 emitting at least one of a first signal or a second signal from a device comprising:
an ingestible component comprising an integrated circuit comprising a
conductive communication module configured to emit the first signal; and
at least a portion of second non-conductive communication modulie
configured to emit the second signal.
25

46.  The method of claim 45, wherein the method includes emnitting the first signal,
47.  The method of claim 45, wherein the method includes emitting the second signal.

30 48,  The method of claim 45, wherein the method includes ernitting the first signal and the

second signal.
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53. The method of claim 51, wherein the signal is transmitted from the device to the 20receiver. 54.
The method of claim 51, wherein the signal is transmitted from the receiver to the device. 2555.The

method of claiw{ﬁgﬂgm%gln the receiver is a component of a supply chain-gar}e%%@%ggﬁxstem.

56.The method of claim 55, wherein the signal is transmitted from the device to the receiver. 30 WO
2009/111664PCT/US2009/036231 57. The method of claim 55, wherein the signal is transmitted from
the receiver to the device. 58. The method of claim 50, wherein the receiver is a component of a
health care S%anagfrrplg&t ystem.. 59. The method of claim 58, wherein the signal is transmitted from

the device to the receiver. 10 60.The Method of claim 58, wherein the signal is transmitted from the

receiver to the devitensmitting a signal between a non-conductive communication module and a
receiver, wherein the non-conductive communication module is a component of a device
comprising:

5 an ingestible component comprising an integrated circuit comprising a
conductive communication module; and

the second non-conductive communication module,

50.  The method of claim 49, wherein the receiver is a component chosen from a system
10 selected from the group consisting of manufacturing systems, supply chain management

systems and health care management systems.

51.  The method of claim 50, wherein the receiver is a component of a manufacturing
system. '

15
52, The method of claim 51, wherein the manufacturing system is a high-throughput

manufacturing systerm,

53.  The method of claim 51, wherein the signal is transmitted from the device to the

20 recelver.

54, The method of claim 51, wherein the signal is transmitted from the receiver to the

device,

25  55.  The method of claim 50, wherein the receiver is a component of a supply chain

management systerm.
36. The method of claim 53, wherein the signal is transmitted from the device to the

recetver.

30
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57.  The method of claim 53, wherein the signal is transmitted from the receiver to the

device.

58, The method of claim 50, wherein the receiver is a component of a health care

management system,

59, The method of claim 58, wherein the signal is transmitted from the device to the

receiver.

60, The method of claim 58, wherein the signal is transmitted from the receiver to the

device,
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