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non-medical applications where one desires to note a personal event, i.e., an event that is specific to a
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parameters of interest, ding disease symptoms, the administration of a medication, etc. Examples

of non-mediB4/8ppiftatidiravitriaiane thsh@e o WntedStalest thavisiapatifiatrnh ARRIF2EPMdividual
include, but aigBPNENERERe BEHES LB USRI, BB OUIKL SidledPiBRANMIGNAI TARceNtrOlled

diets), the commencement of an exercise regimen, etc. Because there are many instances where

one wishes fopndeatigieSenal dlaR0Pdditdd dilaridiin mefidis ddaiiee naiaingRraNRiosetn
developed te-30.make sHehioRtAIGMLPRESIHE/G4Y S5aNHe 199 baRks Anddeshnisiruhaigdieen

developed in which individuals, e.g., patients and/or their health care provides, can record, e.g., by

manually wridreyisienah Batgntiferiisatinne Senal Nent80/94¢i8¢avliedner: d8htinulbs28%e a need
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place can be time consuming and prone to error. 5SUMMARY The present invention provides for

rapid and sirhplc2R8GERIMOE Bitas At TeavisionRr Eatant Applicatintnaerab PkeifOB8e5 §ivén
individual. The.qvepnt RaY a1 #idohprangiBadiannenrsl obe whrsiclagisRiarAsalRs ddréprest, e.g.,

a disease symptom, the Start of a given activity, the administration of a 10 therapeutic agent, etc.
Notatior or iiERiRg efeeorRiPESRSRs according to the present invention finds application in a variety

of different applications, including medical and non-medical applications. The present invention is
made possible through an inventive system that includes an ingestible event marker (i.e., an IEM) and
a personal signal receiver. INTRODUCTION

There are many instances in both medical and non-medical applications

where one desires to note a personal event, i.e., an event that is specific to a

20 given individual. Examples of medical applications where one may wish to note

an event that is specific to a given individual include, but are not limited to, the

onset of ohe or more physiological parameters of interest, including disease

symptoms, the administration of a medication, etc. Exampies of non-medical

applications where one desires to note an event that is specific to a given

25  individual include, but are not limited to: the ingestion of certain types of foods

(e.g., for individuals on controlled diets), the commencement of an exercise
regimen, efc.

Because there are many instances where one wishes to note a personal

event, a variety of different methods and technologies have been developed to

30  make such notation possibie. For example, log books and techniques have been

developed in which individuals, e.g., patients and/or their health care provides,

can record, e.g., by manually writing or data entry, time and date of an event.



15 Embodiments of the IEM include an identifier, which may or may not be present in a physiologically
acceptable carrier. The identifier is characterized by being activated upon contact with a target internal
physiological site of a body (e.g., a specific target environment, including a target chemical
environment, target physical environment etc.), such as digestive tract internal target site. The 20

personal signal receiver is ¢ EI ured to be a s%%iated w'tQ aprﬂhé/si%ic location e%g.éinsi e of or
on the body, and t BN SRRSO  BAORG (BT Bl%gd@aps?gsgglgng Which is
received by tihenjtersayalF sigexbrapiyenamisite tesyiad, Wisssigaal eeealvtakearfptate arandoenore
subsequent operations, such as relaying the signal to a third external device, recording the 25signal,
processing H{E?e"&ﬂﬁ%’a’%r?éﬁﬁt’ﬁ'i%é%ﬁ%?ﬂé’lrdata points, etc. BRIEF DESCRIPTION OF THE
FIGURES FIG. 1 provides a diagrammatic representation of an identifier according to an

embodiment of the invention. 30FIG. 2 provide§detail of certain implementations of an electronic
circuit of various embodiments of the invention2Y RYjjlustrates an exemplary device

configuration of anHMdfe 4s ACHRICIMGS ¥rikiaBs fSPPAGINSAEAiMREIPRSRoR i piersonalF1G. 4

presents an exemplary schematic diagram illustrating the design of an IEM IC in accordance with one

embodiment¥eiieopriderashvedtich eventibat fuepesficde a@pripditialssihe R fince for a
bit 5 pattern gk, "Mmoréag@@%%%@wimw% BaPISSRhEKe B Gikeragh &ig I
s.

represented by 16 clock cycie IG. 6 presents an exemplary waveform for 20 kHz transmission

of a sequen@e Ui$ARBE | $HBERHAN SRS ITEEGhOEnihodiYRENtAHIND priR@ nBHivENEEAYIPOFRE. @
presens anxeapan: WRRIOTBIO NS IGNARIBEIY Of paraHanet ekt @Eclidingordanse with

one embodiment of the present invention. FIG. 8 presents an exemplary state diagram illustrating

the operatioRT6E&RY VIERE AN fds RRRICAIMN R MR E Blaredt SpRISaTCRAReEEINg FIG. 9
illustrates ongL%eRRIREYHEAMNSBIRCEP BRI ERHRIKYhere two separate electrodes are used for battery

and signal transmission, respectively. FIG. 10 illustrates an exemplary chip confi%ration that

minimizes 20 circuil RcRLESRNHIRKEBHEM e AR ROTIIB direvebraRdhreative isvelaBrihat FiG.
11 illustrates ik @XRNHMaRG SRS R AP IRiENESS (RIChaWPEEM RBHE M personal signal receiver.

15 Embodiments of the IEM include an identifier, which may or may not be present
in a physiologically acceptable carrier. The identifier is characterized by being
activated upon contact with a target internal physiological site of a body (e.g., a
specific target environment, including a target chemical environment, target
physical environment etc.), such as digestive tract internal target site. The

20 personal signal receiver is configured to be associated with a physiological
iocation, e.g., inside of or on the body, and to receive a signal from the IEM.
During use, the |EM broadcasts a signal which is received by the personal signal
receiver. Where desired, the signal receiver performs one or more subsequent
operations, such as relaying the signal to a third external device, recording the

25 signal, processing the recorded signal with additional data points, etc.

Brier DESCRIPTION OF THE FIGURES

FIG. 1 provides a diagrammatic representation of an identifier
according to an embodiment of the invention.
30 FIG. 2 provides detail of certain implementations of an electronic
circuit of various embodiments of the invention.
FIG. 3 illustrates an exemplary device configuration of an IEM IC

in accordance with one embodiment of the present invention.



FIG. 12 provides an exploded view of an IEM according to an 25embodiment of the invention. FIG.
13 shows diagrammatically a signal receiver according to an embodiment of the invention. FIG. 14
shows diagrammatically a signal receiver according to a second embodiment of the invention. 30FIG.
15 shows diagrammatically a signal receiver having a multi-sensor lead (MSL) according to another
embodiment of the E ention. FJEg. 16 grovideﬁﬂ? view of an implantable ptﬂse generatghthat
includes a receive P e cfi“b S EE éfdﬁ‘ﬁgﬁtrﬂia%% \AEHSR. us I@gﬁ &nd 178
provide addiiesig nintdraati@EhdQulvadiotsraspests witemiodieeis dihexterns treeprrsarcording
to embodiments of the invention. FIG. 18 provides a view of receiver/pill dispenser device
according td"BFEHBBdiment of the invention. 5FIG. 19 provides a view of a wrist band receiver
embodiment of theAb@enBoillustrates 28rshavenepde picicarfraisgstem segossting téan @npdpdiment
of the invention [ provides a view of an."in-body" network that inclugdes a receiver 10
according toogﬁigﬁ%cﬁfi:m(éﬂt%bf tHB ifFRIGR N e tsz’ O\ﬁg}%’o?/émbews@#m PR iveRtion
interacts witinextetinal el€mehtd and iepryteyre ddoprithg toanaoesliment of the invention.

patient tkes a do0E AR AT H AL ™ F6 0% KRBWL AR

medication sdrum tyglLieverdimeoidh depiesdbedsinatiomitherertbe pattleot iakestdeded o

medication at uneven time intervals. FIGS. 25 to 27 provide views of various aspects of different
embodiment 285t iFVBHES.
10 FIG. 7 presents an exemplary waveform of 10 kHz transmission of

a sequence “10101” in accordance with one embodiment of the present
invention.

FIG. 8 presents an exemplary state diagram iillustrating the
operation of an IEM IC in accordance with one embodiment of the

I5 present invention.

FIG. 9 illustrates one exemplary IEM chip configuration where two
separaie electrodes are used for battery and signal transmission,
respectively.

FIG. 10 illustrates an exemplary chip configuration that minimizes

20 circuit latch-ups in accordance with one embodiment of the present
invention.

FIG. 11 iliustrates an exemplary layout that minimizes latch-ups in
an [EM.

FIG. 12 provides an exploded view of an IEM according to an

25 embodiment of the invention.

FIG. 13 shows diagrammatically a signal receiver according to an
embodiment of the invention.

FIG. 14 shows diagrammatically a signal receiver according to a second
embodiment of the invention.

30 FIG. 15 shows diagrammaticaily a signal receiver having a mulii-sensor
lead (MSL) according to another embodiment of the invention.

FIG. 16 provides a view of an implantable pulse generator that includes a
receiver component according to an embodiment of the invention.



FIG. 28 provides an overhead view of a series battery according to one embodiment of the invention.
FIG. 29 provides an overhead view of a series battery according to another embodiment of the
invention. 25FIG. 30 shows one embodiment of the planar or interdigitated configuration of the
implantable on-chip battery with two cathodes and one anode.  FIG. 31 shows one embodiment of

the large plate co i__lr?% of th antab on- (%E alt BOFJG 3 t} ws .one embodiment of

the 3-d configurati lﬁtﬁg t 8503 {}%% H)JH@ P &%’&%\%F‘ﬁ?@% hode.

FIG. 33 is ano&rﬂbummaﬁ@bemttednmefﬁbts%@b@@dﬁﬁ@r@mmﬁdimampmlmwmmp battery.

FIG. 34 is another bo iment of the i |m bIe on-c tter FIG, 35 is another embodiment of
; Hodis ¢

the implantable on- R esl—ﬁé’ ! a{ﬁ8ﬁt\é? %-f ﬂ%’ ‘?‘ﬁpﬁfrﬁt%r @%rt cI‘ﬁB battery
that uses waﬁembdnﬂmg@gmh\e fasiegdion method. S DETAILED DESCRIPTION The present

speaiicto a givon FAASMPTHHBIeR VISP AL EAQhATFNE CLORRE CITtbG e start of
a given activityedfloetc. Notation or markmg of personal events according to the present |nvent|on finds
_?_;r)]glication inava ﬁ# Q#ﬁ L%ent ap I|c nclu%ft meéjiga an nonmed8 égﬁéa
present inventiom Is Wgs%,l ?@tﬂ 8[] SreiiE \?egyg EH R Theflae ?1 e?e event
marker (i.e..ihzbht@nd a personal signal receiver 15 configured to receive a S|gnal emltted from the
IEM. Embodiment IEM |n lude an identifier, whic \ sent ina .
physiologically acsgi){; (f%trr?l e?h% ‘HSWuﬁﬁﬁE chPé’&&nfiag%?/% tﬁt%{ é%‘t" e ﬁprc?ﬁ %'(‘)/ﬁ{act with
an interpal targeirditey tuein asrdigdstigattridhmiausmtianget site. The personal signal receiver is
configured to be aﬁ'?l%.iaﬁd gy\'glv% Rthc}/vts.ri%eg'g%tem of the invention interacts with external
elements and is employed according to an embodiment of the invention.
FIG. 23 shows a graph of medication serum level over time which depicts
the ideal situation where the patient takes a dose of medication at regular time
15 intervals.
FIG. 24 shows a graph of medication serum level over time which depicts
the situation where the patient takes doses of medication at uneven time
intervals.
FIGS. 25 to 27 provide views of various aspects of different embodiments

20 of the invention.

FIG. 28 provides an overhead view of a series battery according to one
embodiment of the invention.

FIG. 29 provides an overhead view of a series battery according to
another embodiment of the invention.

25 FIG. 30 shows one embodiment of the planar or interdigitated
configuration of the implantable on-chip battery with two cathodes and one
anode.

FI1G. 31 shows one embodiment of the large plate configuration of the
implantable on-chip battery.

30 FIG. 32 shows one embodiment of the 3-d configuration of the implantable
on-chip battery with three anodes bridged over the cathode.

FIG. 33 is another view of an embodiment of the 3-d configuration of the
implantable on-chip battery.
FIG. 34 is another embodiment of the implantable on-chip battery.



20location, e.g., inside of or on the body, and to receive a signal the IEM. In further describing the
invention in greater detail, embodiments of the physical components of the systems, e.g., IEMS,
personal signal receivers and optional external devices, are reviewed first in greater detail. Next,
general methods of using the systems of the invention are described. Following this 25 description, a
review of various icggons in which the systems and methods find use is proyided. Also reviewed in
greater detail beloa\}elgre‘a‘tgtg tﬂa?m‘éfu%@k%@@@ﬁ‘rgﬁ’@ﬁ? ljl%pé% gmg,oe%?m%%%%{?&eivers, etc.
INGESTIBLE EVERGM3& KEBricOitP erBbbidens Odt nthe dimplatstal ki eomatripi opartte ydthatgestible
event marker com (%sitionscﬁavin n ig ntifier stably.associated therewith. The identifier of the EM
compositionléslgso‘f‘% ﬁ{al?%j% E%Fegs%?e.,aeg%éﬂog (%%é‘la? jle signal upon contact of the identifier with a
target physiological sight. The identifiers of the present compositions may vary depending on the
particular embodiment and intended application of the composition so long as they are activated (i.e.,
turned On) upon contact with a target physiological location, e.g., stomach. As such, the identifier may
be an identifier that emits a signal when[rpataets Btaygripond (i.e., physiological) site. The
identifier may be any component or device that is capable of providing a detectable signal following

activation, e.g., updResHefaitRveRrRiRquevides feeranid ans iRiate otaica it diesaanah signal
once the cogRasiitian MRS, N CaRtakNitiaPRY SlRdiIRAEAENghalle iRdivicimpUTHBasSst above.

10Depending on the embodiment, the target physiological site or location may vary, where

representatiV@¥aMFEY pHMga o 8188 BN R iEaane| SYBIH Br dSoBlRRitel 209N S AGHMILK: the
gastrojfestiag! Fasta o bASMBRIAGUET SSLRRY EeHRAMAC LMY tHleRinsteisae iRtsim etc. In

certain embodiments, the identifier is configured to be activated upon contact with fluid in the target
site, 15regaftﬂ]é%@ﬁpil?@%‘ﬂtiﬁh%Néb‘ﬁﬁ!&%ﬁﬁ%ﬁm@&%@?"éﬂ@?: inghiciad dRAGRHAEAQRY of a
particular applicatianadReEigaas obtained from the identifier may be a generic signal, e.g., a signal that
merely identifies that the composition has contacted the target site, or a unique signal, e.g., a signal

which in some way (SRIESEDEMNRYPRI% WEM%%B&M@%MWW ﬁ)ﬂ?ﬁeﬁb%ﬁb or
plurality of difeipidarkaigdatbRAIRRTTARECEE 2 198t MRy Siplpsicahdissidsasueiteilerdentifier

may be one that, when employed with a batch of unit dosages, e.g., a batch of tablets, emits a signal

which EannABEGBRGIRSIRSP ST 1RiIgRR) RMiRR PRy the iRMundroPasimenis: ahingodale
member of thribaehain pirpisr apHiesimeitsetheilenbierrRMireasangl thapRysitisgieanidentifies

that particular identifier. Accordingly, in certain embodiments the identifier emits a unique signal that

distinguishe 8eHRP1ARIR GATARh R IRRRERRISPaLESINIRSFHBS PRING ASTY S H (PRI AR tER

identifier emjig? BRiciesioatdhgéuisiagwsbrs4batigestifier fram omerddrntifiges. sneerma
embodiments, the identifier emits a signal that is unique, i.e., distinguishable, 30 from a signal emitted

by any othePRISNRLr SG8RNIRARINEN Vet sighAn 25 RFRRF1VAE LuRDERIRI GAque

signal £@.9., pralRgous 4o mBiiaait dnearpiénbudychis distissebivena apnathre figgerprint of any other
individual and therefore uniquely identifies an individual on a universal level). In one emb?dtment, the

signal may either dife 4RI GEF HRINAaHGH 'ABETHI e greater detail, embodiments o

physical components of the systems, e.g., IEMS, personal signal receivers and

optional external devices, are reviewed first in greater detail. Next, general

methods of using the systems of the invention are described. Foliowing this

25  description, a review of various applications in which the systems and methods
find use is provided. Also reviewed in greater detail below are kits that include
components of the systems, e.g., IEMs, receivers, etc.

INGESTIBLE EVENT MARKER COMPOSITIONS
30 Embodiments of the invention include ingestible event marker

compositions having an identifier stably associated therewith. The identifier of the
IEM compositions is one that generates (i.e., emits) a detectable signal upon
contact of the identifier with a target physiological sight. The identifiers of the



event, or provide an identifying code, which may be used to retrieve information about the event from a
database, i.e., a database linking identifying codes with compositions. The identifier may generate a
variety of different types of signals, including 5 but not limited to: RF signals, magnetic signals,
conductive (near field) signals, acoustic signals, etc. Of interest in certain embodiments are the
specific signals described |n ending PCT a élcatlon serial n PCT/US 006/16370 fl|gg pril 28,
2006; the diBEF5EI=SYPHER l?é‘ﬁ/ﬁﬂﬁyof"éi %ﬂﬁ’iﬂi&%p%’tc P BEIRY R SIRRAH I FEfhted
herein by refigenied &bplicatiomissive tﬁmmshmﬁ&mmnglammwara actiestad Gestatueiodiments
the transm|SS| n time m from abou ﬁ?%ﬁ t48 hours or Ion er e. t_é {gabout 0.1
p.sec to bV HPRBFEUPRINGED. 2lerost b RSB0 RS A7 111GEr tEch as
from about ideetifierateiyt Béweurwmm@trtgatbwﬁté mlsignatbvatbexmtlﬂeontautea mfgendhcgyon the
given embodiment, the dentl 5 tr it a signal once or transmit a signal.two, or more times,
cuch 3t thl S RINRRIPEE DI AUR L (ST RIS oS SRUTE VBRI, SRS, W Bentier
dimensioneddpdideotsillyringenitple, m;cmﬂﬂer Signitsiefbtiowiran acivbtietios githupgrhysintagtcally
acceptable ca ento the i0 a com osition 2 that can be
roncily admiGS D OEL Sl FRERE ISR R LRl o RBAT C RIEDa A 2 h e e
element is diepsisitied tedmes aintothcamgotg fitim abmn@mﬁo@cmtoma@et rsiee neng, e.gs from
about 0.05 mm to about 1 mm such as from about 0.1 mm to about 0.2 mm; a length ranging from
about 0.05 3" 200G %% ﬁpo% mm, e.g., from about 0.05 mm to about 1 mm, such as from 25 about
0.1 mmgto about Oizependmtgadne@m Engidjrfren, aibﬂuté)rgétt@laymutc@mhmte ram oe:zgﬂpﬁfom
about 0.1 mm to about mm, s ch aﬁ?ﬁ aébo ut 0. to a ou O 3 }réglydm a{aout 0.1
mm to aboul 5% KR 1Y rr‘?a TR RB ARt a[ﬁ? er?ﬁg > sma er, SUCh 0 E mm3 or
smaller, inclackngd. Zimited do sraalterafidre mlalhim‘lgaetemetmlmm thiaeila sadbtyasf B@ dnrfeue‘mt
conflguratlons s(;g}ch as b%lt not limited ﬁo a PrP confi urs té(s) | t“n(tir%r cQ fllquratbon .8 SphS erical
conflguratloﬁ Sri189¢en |guraf7' onsetc WheTe. aepaar{%uliar con gUr ?on may%e Se ecteEP Fased on
intended apthieatientifieetbasbofiqmedfacheaativated u;mmemmmnhﬁdfmmﬂhs theetatgntiidemay be

one thggls pr%qqa mabl F10|IO\§Fng manufactur Forfe(ﬁa grgg élgnal generated by the identifier

may b deter degﬁer 5 it Ha"?‘ts"BPa ﬂ%ea’” c11ere t ier may be field programmable,

mass programmablb@mmipugpgmrﬂrmb&@abbmepﬂeptagmpmmﬂen Streh sighaldobéntedre of

interest Whe{e unﬁ_cl)de If{ntlflers are flrstporoduced an&i foIIowmgS 8% ptg' tl%ln o %8% osmon are

then coded fooemit an iden ﬁ/rlnré‘%Yg S foPtat com Sgltlo%gﬁtnyc venient progrdmmin echnology

may be empiogte thénaeriposibio dudis existatted rigr damgaigsitéehnolegyminyeogemha, RF{:_D a

thIRFID tthI fint 0 that tif
et TheiRiis e R R A o
7,031,946, asavkeara&qmtﬁ@reduapmhphuamm@fzﬂﬁsmmkendsthe Ibatpthéaﬂscmmmecbtawhlch
are here'n e. With RFI r/'vendor
oy ascor o A AL A R b AR S AR AR Re ™
|ncorporatemmmalimtﬂjanosmbdomgesta&rgenmbainheo&a@@ﬂs n@ain:tdlmstgr@hmwmcﬂaedoh the
handli f t tQ.t ' f

of programrie S S e Y B B T R 01 3RS U FeddB et
No. 7,031 gmmleetm‘ldbarbamwmmyﬁ Iménemembu:bmmedhwe:aet@eceam:ts Eheigdehtfist of

certaingmbgiGr(> ICAES ABeRARCEIEM IS eAREARAPY FISBRMam kAR Hiespect

to its capacity rtain em |me ts, the memory element apacity ranging from about 1 bit to
1 gigabyte otheddensifien emitsba mmmgmbtﬁﬁudmmgt@h%@m&lm ebisigréiaran. The

particular CaBﬁCéPy (?gb%'%%??ﬁ gPJVI‘P\eBg AGIR%ERILEE ARRE AR S&tﬁt’eﬂeﬁ?ﬁt %ﬁiﬂ dsa
generic signal or c signa where the signal may or may not e annotated with some
additional infgmaitiothaé . gdistinpeishastiibaigadentifietiateervithties idigetitidierstc. in  certain

embodiments, the identifier emits a signal that is unique, i.e., distinguishable,
30 from a signal emitted by any other identifier ever produced, where such a signal
may be viewed as a universally unique signal (e.g., analogous to a human
fingerprint which is distinct from any other fingerprint of any other individual and
therefore uniquely identifies an individual on a universal level). In one

embodiment, the sighal may either directly convey information about a given



Identifier components of embodiments of the invention have: (a) an 30 activation component; and (b) a
signal generation component, where the signal generation component is activated by the activation
component to produce an identifying signal, e.g., as described above. The activation component is
a component that activates the signal generation element of the identifier to provide a signal, e.g., by

emission or upon interrogation, following contact of the compasition with a target physiological site of
teres, sudHVELHE StiN T SRoHEVAANES oL T o R e G SLHEr R oAt
PCT/US2008@16 36, eativiafromob thiataleasdict. e1ay hiatatiaseelihiirsgnidettély ofgd dteteatwithys, where
such approaches inc%lude, but are not limited to: 5 battery completion, battery connection, etc. The
different actﬁ/%%gﬁ%ﬁ%?éaches disclosed in this co-pending application may be readily adapted to

provide activation, balieiiified rergige nechtes s wahiche dfalidfaimcbipoestet diynefererdadimtheir
entirety, Embodiments .of activaiion elements based on battery completion formats,10 employ a battery
that et icle DUt LMot AR OS: MMEAEHE, SRR cRORTa SR TE SHERR: s made
up, at least mcpastiibsigndipresenOdtitteresgiet pasiol egrbsitin(eoinars fiued gpesitit sigtimisstomach,
where the stomach is the target jological site). For exa flujd_activated IEM
o ingested. TPRBE IR BE b CaioR srathe e SO B e R At anc
anode providéd pdl6e M disciosirenstfutaddud bhgesyofHeigeeds, iwhidristrappétadide arelranode are

exposed to stor%%fh fluid, the sto aF fluid acts as Ehe eIectroIl)Atg com onent of t{?r% ga&e%gnd

completes thE ba %%I}YTWE‘?% o%? 58S the IEN cohtac %rﬁwnec?arget siteﬁag%nawglrosnource is provided

which bgtivatbntifeederaifiemahemee signat itainearbodimigats 204 nticersanssmbotimee misythe
battery that is employed is one, that comprises twq, dissimilar electrochemical materials which
constiute 12 H8 HRDBRRA L 6 SHOUR AFOLL ARG B S Ss Gur AT B o Reterias
are exposed@ribeanR4irmeariast Wty Hosly Beidrtchma stomacheactd bl tyersobiuId, a
potential difference (i.e., voltage), is generated between the electrodes as 25 a result of the respective

oxidation an®PE80cHBAT @SR ARRUCLRARAAP O G SRV FRaBALLINe 80K dlsSIRHAR ARaterials

in an electrojygarel et AiffRiRAL POtgRSIRER\SAN freraRiencepRBodiRteACtve el dhfifieio magll have
different potentials., Similar%, gold and magnesium have different potentials. Materials and

pairings’of intBASSRIHRISEE A ONSR AT ARTIBE BHI9HS: MR oRaR TS Heh iah e iBigRgke
Materials AresieHealhae®i as a redundant signal.

in certain embodiments, the identifier is dimensioned to be orally
ingestible, e.g., either by itself or upon combination with a physioclogically
acceptable carrier component of the composition so as to produce a composition
20 that can be readily administered 1o a subject in need thereof. As such, in certain
embodiments, the identifier element is dimensioned to have a width ranging from
about 0.05 to about 2 or more mm, e.g., from about 0.05 mm to about 1 mm,
such as from about 0.1 mm to about 0.2 mm; a length ranging from about 0.05 to
about 2 or more mm, e.g., from about 0.05 mm to about 1 mm, such as from
25 about 0.1 mm fo about 0.2 mm and a height ranging from about 0.05 to about 2
or more mm, e.¢., from about 0.1 mm fo about 1 mm, such as from about 0.05
mm to about 0.3 mm, including from about 0.1 mm to about 0.2 mm. In certain
embodiments the identifier is 1 mm® or smaller, such as 0.1 mm® or smaller,
including 0.2 mm® or smaller. The identifier element may take a variety of
30 different configurations, such as but not limited to: a chip configuration, a cylinder
configuration, a spherical configuration, a disc configuration, etc, where a
particular configuration may be selected based on intended application, method

of manufacture, etc.



Metals Magnesium, Zinc Sodium (t), Lithium (t) Iron and alloys thereof Salts Copper salts: iodide,
chloride, bromide, sulfate, formate, (other anions possible) Fe3+salts:e.g.orthophosphate,
pyrophosphate, (other anions possible) Oxygen or hydrogen (tt) on platinum, 'old or other catalic
surfaces Intercalation compounds Graphite with Li, K, Ca, Na, Mg Vanadium oxide Manganese oxide

t Protected anodes: certain high ener nogde material such as Li, Na, and other alkali S are
unstable in their pjpecf%'ﬁ%'?n ebﬁé@%@é'o%ﬁa%?'gﬁ g{y@é’} .%ﬁe%gem%‘?qhésm%@g%%ﬂ%j%n an
aqueous enigliomimegntibtdhitized. Poressaanmide thictlsig std lgépatiated By the gteotifled tppieeted
lithium anode” developed.by Rolyplus Corporation (Berkeley., CA),wh r film. is.deposited
on the surfate of It ﬁjamarﬁpgaﬁg d%etre%ﬁﬁ%rbsmprg’é Sida |rc’)%rgnlt glﬁ)&v%ﬁtsﬁgs%%]%gqgéoﬁgep
environmenpagraramaieel. (Foagdus besgiBperablie onfthss). tiisgivetialiggen a3 alsyarrve as a

o ST SRS S S e e
dissolved hyteofjest produgedged fediveting ivaectimoration into a composition are then coded
to emit an identifying signal for that composition. Any convenient programming
technology may be employed. In certain embodiments, the programming
technology empioyed is RFID technology. RFID smart tag technology of interest
10 that may be empioyed in the subject identifiers includes, but is not limited to: that
described in U.S. Patent Nos. 7,035,877; 7,035,818; 7,032,822; 7,031,946, as
well as published application no. 20050131281, and the like, the disclosures of
which are herein incorporated by reference. With RFID or other smart tag
technology, a manufacturer/vendor may associate a unique 1D code with a given
15  identifier, even after the identifier has been incorporated into the composition. In
certain embodiments, each individual or entity involved in the handiing of the
composition prior to use may introduce information into the identifier, e.g., in the
form of programming with respect to the signal emitted by the identifier, e.g., as
described in U.S. Patent No. 7,031,946 the disclosure of which is herein
20  incorporated by reference.

The identifier of certain embodiments includes a memory element, where
the memory element may vary with respect to its capacity. In cerain
embodiments, the memory element has a capacity ranging from about 1 bit to 1
gigabyte or more, such as 1 bit to 1 megabyte, including from about 1 bit to about

25 128 bit. The particular capacity employed may vary depending on the application,
e.g., whether the signal is a generic signal or coded signal, and where the signal
may or may not be annotated with some additional information, e.g., name of
active agent associated with the identifier, etc.

identifier components of embodiments of the invention have: (a) an

30 activation compeonent; and (b) a signal generation component, where the signal
generation component is activated by the activation component to produce an
identifying signal, e.g., as described above.

The activation component is a component that activates the signal

generation element of the identifier {o provide a signal, e.g., by emission or upon



In certain embodiments, one or both of the metals may be doped with a 15 non-metal, e.g., to
enhance the voltage output of the battery. Non-metals that may be used as doping agents in certain
embodiments include, but are not limited to: sulfur, iodine and the like. In certain embodiments, the
electrode materials are cuprous iodine (Cul) or cuprous chloride as the cathode and magnesium (Mg)
metal or magnesium 90 alloy as the anpd 05 bodiments.of the present inyention use electrode
materials thgltﬁF@ﬂapﬂgr YaHER 8?’1 (r)%)? co“%oééﬁ?ﬁnwd e ?X cl)" Ehls S

ment e battery
power soures mgreetviewstd as shposensachicoilateiqets lect-peretitigaP@ackpplicativionic

solution such as gastri ' r bodily fluids.apd some tissues. EIG, rovides a 25
diagrammaﬁ@F@f@geﬁémﬁ%%a\g(&%{%?eﬁr &%%\féﬂ?&ﬁfgﬁ%‘ c';gfr'r%n A %%g\;rﬁﬁﬁgr% léir%t and
second eleciotibenastdifert axyS3vhsrensashicnipructies ¥cleds, btdnaembuiihifEddo:
configuratiop creates a low voltage (V-) and a hjgh voltage (V+).as applied.to an electronic circuit 40.
The twc;; out a{?& t’ﬁ%?‘&x@VE&?Enﬁg%ﬁ‘f%ﬁt%‘ﬁ% ’4#%3% ﬁiﬁl Wﬁlcﬁ: aacrévﬁt?eogigar%%-rtrgﬁs%nsission
electrodes. Wisuioskernatetieis hasimeedint) eapiplichijmmensdipnbelersadi!@Oddelitdes tosipgieidtectrode.
In an alternative e{r:Lrﬁbodim nt, a,coil for comm%U\i;%ation ma rovided. In c rzt]a

e pr ine iments, a
structire, o 8 HIREr ARG TP I Rt GErTGs i e RS L RV TRleral e
Sprovided. in fetteediestd32 and 33 can be made of any two materials appropriate to the environment

in which the identifi%%%& ﬁ?@frﬁaén‘,%%?‘—%%erﬁqgjﬁ%e% Sag%rsi%lé 8rebaant¥epfi(r; c?rfq rél%{(leoria %tcji}éjifferent

electrochemical po a odiments where 1onic solltion” 39 comprises
stomag¢h acidsysit®ctotatek) F2aandciiemyvdesmadenpietadble cattalde, gangatthdsivenglatinum,

palladium or the like) so that they do ngt corrode prematurely. Alternatively, .t Cir can be
fabricated of e?ﬁ?‘ﬂ? iy 8‘{“&,’{? ﬁf}/ﬁeégg%@ e rrrﬁa?énrél]a‘l'%héo(siee %ﬁe‘n}f%%fyhé’ ?;T {ﬁleg a{gpp%%zﬁlg%nic
solution is laheg etaoggh phnpdiovegite retifeer(3thtogumrfiuiditp iasem eid ftinetistonsadtabletregetiss are not
restricted to metals, and 15 in_certain.embodiments the paire rials are cho Is and
nonmetals, é%.r,ng%iéﬁsmageta ot & m/estg?? E%%Passit g)%ﬁd%’@ﬁﬁéﬂﬁa%‘c%og% (%'Irnesﬁp}gé? to the
active electradtivataieiiald, ianpgestaty dftcaltativesigmtbrlsssphagosiardqaiateadsotagiads - with

itably diff I ical ial I d_low Inferfacial tesi | . 201
cortairl mb U AAE e (LRGN ARe L S PA g T e Rl e

series batteryagtargtudesveneyr beteomtiveeattods bsichanaitlerade expid sed dtmtnmacbbridghdheetween
electrode elements Rff i{éer%?t ggqﬁ? ﬁtéu&,tcwﬁé 85%1803%‘_?30’0@ éhgaqt%t[[?r?ﬁjogégg)gﬁge{p]teinvention
are series b&ﬁ%’ﬁ&’i the Battenes incrude wo or more manvidual attery structures 25 or units, where
the number batiateryTstanefores thatinay Bdpessatts dhpvdargetiesiteattanpoiube Fuwisgotsmay be
two or more, three or more. four or more, five or e Ir ' .application of the
battery. EaCRﬁ%\gﬁ%sugV}B% tg@g?r{&gt(gé% ilrcl&cﬁ%@(ﬁaépat e%s S%ag n?dgirr{]%agr ehégs?&gg cathode, where
the an@de and the ¢attedaimenedimeots atbartmtteof thabdlis smpioysdvisecroartbBoconpptHesor each

e e B fehsfls Kaxbsciesem okl Hhion LARAFRAHDf a6 CedRiRIRBE L

configurations atsubs y reduce, 1t not'elimina etween two or more of batteries
of a given saaresdd sdlzathatieh of shertiadtésypriViverd thes gilectnedeniniataralshatasaxdasidd by the

two or more Qﬁg%@ﬁeo{r%h@oﬁ?éiﬁswﬁrgth@’qﬁr&mﬁsi%‘?‘%%%uggsstomach acid or other types of
fluid, a potential difference (i.e., voltage), is generated between the electrodes as
25  a result of the respective oxidation and reduction reactions that occur the two
electrode materials. The two dissimilar materials in an electrolyte are at different
potentials. As an example, copper and zinc when put into a cell have different

potentials. Similarly, gold and magnesium have different potentials.
Materials and pairings of interest include, but are not limited to those

30 reported in the table beiow.



are present on the surface of a solid support. Embodiments of the subject series batteries include
configurations in which the resistance between electrodes of two different battery structures of the
series battery is much higher than the resistance between electrodes within a given battery structure.
In certain 5 embodiments, the ratio of the ionic resistance between electrodes of two different battery

t t o panmbaraditaoale Ao anada-and ot +hhi hatitar s ctriinti v 1o
structures as-compatreato-erectroaes \l ; aEru ana k’ t IUUﬁ$VVIlIIIII & alllglc pattery-Structute s
b t 1 5x armaorecrieh ac A~ BV Ay mf\rnecnrn I gi,rr\ a[ql Armara Nanandines ~n A
abou . O o —Suthias uuaul\ O oremtioatin F}U t TUA O MoOTreoepentmygon—=a
1 1o hattarns o f Dvg' rgﬁ hartina- hoathweoan arine canho radiicad if Rot nllm' ated
T C IT A2 N'A'AVA W) | puu B w4 MTUATTOUTTIOC O CUTT UG |Lluu\J\.'u LI} A2 110 0] y

partlcular CDI A\ MLL\.'Iy UC CALTUTT .SII T L>J

using a varlﬂ?iﬁrﬁlfferent u (j'd EBI£

greater detail below, where t1 rg)l_:} and H ay or may not be used in comblnatlon depending
+

on the partigilar-battery-config

structures ;%a vided in 15|series, where each batte %Pfﬁﬁgiltﬁ‘:ldﬁ%@ ﬂ{ @\9%5
anode andicathode positioned inside the chamber, e.g. SHA] Ff?e Ph ?(l\%ﬂ%‘?%ﬁ@?@ ternal

Pr{faches that can be employed are reviewed in

cert tain ambhodimants I\lr\ or-Mmore

walls. The chamber has a volume that may vary, and in e;,taln embodlments ran(ﬂﬁ om 1012
to about 10-5 L, such as from about 10-11 to about 10 Q};\%ng r Yout
1043 L. In gertain 20 embodiments, the chamber may n(t°6 ea @r%‘&n@o?\%?%ﬁ

medium, eig., as described in PCT Application Serial P PCT/USO /8 563, th sclos of which is

herein incarporated by reference. In certain embod é %pmx ﬁ%ri{h i cl?l'ale% ']83%1 one
fluid entry pertand a’r least-o ..u': exit-per-so-that-h AR Rter-75-the
chamber WhT e&?@@é'%osm E Ewﬁtﬂaﬁeg‘% p he target S|te of interest and
gas can exit f‘-‘rﬂmpﬂﬂmr ||pr nf the ||n| Hd-\/hile ﬁg'gﬁng%% RK ﬁf the-fluid nnfry and-exit ports

may vary, in certan;zemboglmegts the orts ave a d|a ter rang ﬁgérom abﬂut 0. Oluhto aRo[ut 2 mm,

ferl s Ll
such s from a1 AT RON M T Pl LN o o Bl e o
ports of other chawliersdu@wWda h@cﬁﬂ@l@fﬁlﬁrﬁﬁﬁwr@ﬁ% iHPER. 1 ey ;gaa [oBmHRtlAaMmber, and
are aIS(ﬁposmommgmqamuldedmbtsubﬁtamtlahym déapneshioytimgybietweandwid on Bactaay|flesent
chambers of thevBeites brirery.fils Sudgroriedtion thsf sagasered ihatodeeidhoiewtettbofrrtheabiditery

structure itself a‘?tﬂ’ BIRdieArelatish 'beGH‘?@t’%ﬁt‘téﬁpgt?UEﬂi@E%‘F?Wéts@)ﬁé@*ﬂaﬂéwPA’ﬁS}dmg

configuration of {4l i3 OIS 098810 1000 B8le, CONTRLIBUON A BNRR NIRRT S esistance
ratio, eg., as deserpedRhve blaiuedinsayides av.Ayeeheas iew e sedfies patesyacseding to an
embodiment of taeliyskertiorisn pd€SibRS, Msries battesy d&iemageagprofriveongiffeyentreattesy
structures 151AT&##°151B present on surface 152 of solid support 153. Battery structure 151A

includes cathode 154A and anode 155A while structure 151B includes cathode 154B and anode 155B.

As illustrated, the 1(3, calhadee b @RIRE 0hRAW ARNESICIHEE RSP e Ho&hamhes defined
by boundary 156A and 156B. Present in the wall 156A of structure 151A are ports 157A and 158A,

which provideofreiale Rl -l ¥XaReH e Molisgr omipw P@?tﬁeaﬁéti@B’A Nespneias 1bata are
positioned refplyesto NgEE Lo’ BHAgl 28R MESIH Rt EinsRdiALe NRtaNde! fershegingbetween

the electrodes
limited to: suifur, iodine and the like.
In certain embodiments, the electrode materials are cuprous iodine (Cul)
or cuprous chloride as the cathode and magnesium (Mg) metal or magnesium
20 alioy as the anode. Embodiments of the present invention use eiectrode
materials that are not harmful to the human body.
in certain of these embodiments, the battery power source may be viewed
as a power source that exploits electrochemical reaction in an ionic solution such
as gastric fluid, blood, or other bodily fluids and some tissues. FIG. 1 provides a
25  diagrammatic representation of an identifier according to an embodiment of the
invention. First and second electrode materials (32 and 33) are in an ionic
solution 39 (e.g., stomach fluid). This configuration creates a low voltage (V-)
and a high voltage (V+) as applied ioc an electronic circuit 40. The two outputs of

that electronic circuit 40 are EQ 41 and E1 42, which are the signal-transmission

10



15 of structures 151A and 151B is substantially, if not completely eliminated. In the configuration
shown in FIG. 28, ports 157A and 158A are positioned on opposing walls of boundary 156A and ports
157B and 158B are positioned on opposing walls of boundary 156B. Furthermore, ports 157A and
158A are present on opposing walls of their boundary element 156A With respect to the positioning of

20 ports 157 58B |n boun emen v er ?g f a series
battery accorIF o ano efem cifacf{t‘nent & the mvgrrl'ttlonfh? é%'%?g serle 8 te?l% %\Hfsv?n%de up of
two dlfferenirtnmmm; stwctur%lG&lécamﬂéﬁlB\preeenaldmreaﬂ\me eﬁmoﬂsnhdtsu@oncmsfﬁattery
structure 161A includes cathode 64A an de 1 ture 161 hode
164B and anoa‘m‘i"gg%a%l%e gtrt}’cture ﬁlustr Q% Fr?F gﬁﬁd 80{5 H]%ﬁgt s%o%[vljnﬂ(l?rwg% ‘as the
battery strucheeh eapestéaiged tiea ttheadtippibici ddfiremte gatihefoattied ouraeit dnddegebigach
battery tructure (é present in a chamber defined by boundary 166A and 166B. Present in the wall

166A of strdTiOVe T61A are ports 167A and 168A, which 30 provide for fluid entry and exit from the
chamber. Ports 16mmdmmmmeMa®mmmaﬂ%&b ponsopsEEeadedssB of

161B h f f d161B i
St 38 e OSBRSS Bp S e e gad 1010
provide for taeydeaneofreemme raito, difeftent miectinclydrvicad difidenitajsrovide thetalesiretn
resistance beyen BatemSHER: FYERlG, U6 Ao maLIGag salisLe sEpiBecable

membrane. ANV cOMVenient semi-petmeabie membrane ma e sémi-pérmeable
membiéne ﬁﬁta)aodnﬂ:ﬁnmy%‘?@aﬂa@b&(ﬂpbtﬂy@@ﬂid@eg sigddesiisher ipbiymctivliadiglycolide)

(PLGA). PoiycaiRs ek Bl bGTMaRs A iR colfgra By IRRAaE alllose

acetate, poly(vinylide uon afion or e mate he pore size of the
membrane @y b@r)fainfm’nelmgfoaimrpartlmlanyocttbﬁﬂglMOﬁtIWhmtmieEM&mwmaénts the

b f 0 ludi
rajtqbeomut ;%r:)edqﬁ{%elp%% S%ﬁj %6%39 é?esgcs?&yéc §s lgg%{u éé lé?ﬂ]r less ﬂmertalnﬂee(r?nk%zﬁtr%lgﬁtg tﬂg
membrane |pemva:reﬂswmmetmmmwiematﬂmIwat@rnlotutﬁﬁtéqt@htoometaﬂmuend
constityents;at {3 it i REsRd IR 93 13 1AERAE AR dhe Had cogGiys medium

precursor of the identifier ments. the SoTid SUPpOrt 153, 163 1S a Circuitry support
element. Theeiaisitrg. surﬁ)cmlelmﬁéﬁt upagitakmeats) &@m&blﬂén&/@rﬂi@@@tﬁﬂﬁ £gc asrfain).

embodlmenw‘&apﬁ% atgd E&@ g}%{%smﬁ@ﬁago%ﬁ\g} rtl}%elcelctg%g Iﬁg@gnts are

positioned may be the Top sur otto ce or somé ot ace, e.qg., Si e surface, as
desired, wheneialsesails, efmbo'@mém@@mﬁ@@@dﬁor\l‘wh@hﬁm|éldéftfﬁi'@éfe%ﬂ¢éﬁ$t§f@@iﬁﬁleast

partially prez)tgjtloértﬁéglg SHérﬁggﬂOZ%out [ acial %&g{?\ggg}g%mgs the series batteries have a

small form f atteries 0 mm3 or smaller, e.g., about 10 mm3 or smaller, such 95
as 1.02im3 or smditeggneindigioodimassor thediidYlsnaiedrirpoactenaad bysineisting é@ftaﬁ"l

embodimeneat@?&battﬁ%ﬂlsén é’?é"fﬂé&é'%‘?%% &7 S PLOTRG( 58 Ay e

about 100 mm, e.g., from about 0.1 mm to about Iudlng from about 0.5 mnmi'to about 2 mm;

a length rangkkstastiaiyorrduoe minet sbuinede. nﬂ*hOfélgg fesivapbueBaliade (e Esents09hm, 30
including fromf?éi)%tlt}t%%@g el t@@@%e@i@?e@%@rﬁﬂgf%ﬁﬁ?é’b‘?e%m%@%r‘?ﬁ%ﬁtﬂ 10

mm, e.g., fro mto a out 2 mm, including from about 0.1 mm to about 0.5 mm.

Series battefr@s@iigthats ipeldtiedattrsieR RdRSYALRIITP Gninely iIdiab SatteisbnEtuiSSlication
Serial No. 6QB8R;f/ 1, g digRosiraah whishis RS RGP HAEMEY HRIGIRISSHtTIREStg08h

generation component of the identifier element is a structure
series battery of the invention may be two or more, three or more, four or more,

five or more, etc., as desired for a given application of the battery. Each individual

battery structure includes at least one anode and at least one cathode, where the

anode and the cathode are present on a surface of a solid support, where the
30  support for each of the anode and cathode may be the same or different.

Aspects of the series batteries include configurations that substantially
reduce, if not eliminate, shorting between two or more of the batteries of a given
series. This elimination of shorting is provided despite the small area that is
occupied by the two or more batteries of the series, e.g., where the battery units
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5 that, upon activation by the activation component, emits a detectable signal, e.g., that can be
received by a receiver, e.g., as described in greater detail below. The signal generation component of
certain embodiments can be any convenient component or element that is capable of producing a
detectable signal and/or modulating transduced broadcast power, upon activation by the activation 10
component. Detectable signals of interest inclydge, but are not limjted tq: cqnductive. signals, acoustic
signals, etc A& Pé%?e%ig 'ggg eS,L{Hn Csefg??a Sﬁﬁ‘fﬁ%ﬁ%fﬁe%%%ﬁ"ﬂé%@?a?&& ea)? %8 et’géelnseerf'c:é 8r unique
signals, wheéyatteieesnoladgetyfemicdtgedis whioketles ragibidacb istvecnot dimttieddes foé fwency shift
coded signals;. amplitud modugati n signals; Hequenc odulation signals; etc. 15 ln certgin
embodimen@ﬁﬂggigﬁgﬁﬁ%e? ‘i‘l‘é?ﬂué?egm nt glua%%eércwd@? S ﬁev%f‘é%idﬁﬁ%orre{%?ai beelow,
which produessstaigencratesthe Sgrilodbs tygthiof crcgitvgchbatie mnagtreyeral, dhleesttairpart, on

the driving power that is, supplied.by ower source of the jdentifier. Eor example, where the driving
power 1 3 FUOTEUPEbUR e GARLE, o I GrTIUBNES Be Brrpiss Thoand) S onts
where the dbaiterpeivactargeadroongiaret g ealbaadek 4i\4,. sabtuleshntt cattwit ee swithenaay be
employed. Fgr dilvingipowels, o aboul 0. prjess. 2ero-lresholdransisicr fesigns may he
employed. cettain &mbo nHents, A Signal engration Co?hponent ifef es a voltage-controlled
oscillator (Vx@thag crogen@rate endigital clock signal in 25 response to activation by the activation
component. The VCO can,be controlled by a digital cifcuit, which is assigned an address and which
can ontrol the VOB AT Hof AL ot el R SR i
that in¢ludebtieaesvation tenpedeccdndiosuitatelintisatgdimpbinde anodatiatpn ofr phtiseeshift
keying to encoe the addpess, an identifying signal is transmitted. 30 T ignal generati mponent
Mol e R ol S R e o
receiver, whilgtaiapdleuntewratrer dikeerialderthappatenhess magwed imgyedtet detailiseldwinThe
transmitter compon W a ' n fi i e.g., depending
on the type &f sigﬁ%%ﬁé{gt gggﬁegr%egé ”ﬁ%%ﬁ?‘gg %grrﬁ %ﬁe%ﬂ;lrﬁd' Jgﬁi{éﬁ%&%gg‘ irrﬁtteéﬁ sg,tthe transmitter
component is madénupestaineemipodimeldstrddosomroenaibatteby ditnesity e eatamvittedéamponent
is made_up Qf gne or more wires in the na( rtal [ t
transm?&er c%)%%sgh% ?gemaa(]ce% u%%(‘)%e 0 (—i?t{c})lr'ur{nﬁcr)% %ﬁo‘ﬁg &%% gu%lhé %@%&%%ﬁ%ggs%?@gemgﬁydincIude a
variety of diftatbotiegrasiiitises] mgdekbatciiwnbantengas(etys sathe fotenrefl wisdlsyredifigrert In
certain embaodi is, signal is 1 itted either of, two trodes e wires
(a Mo-elect?o’qdé;g r?é{ngvn%‘lf%ér i;ﬁ! %iiﬁt’o €, ;61 %)t':leﬂge#ec rodé:1 lﬁg%srgnté\({errﬁ)ﬁs\?a o%{é‘%@. fr% F(%évgr{fain
embodimensimibedimastsitangesfrequitesudid (fddeatiapt d0polwevth 26 Samealmbbdfidies, the

transmitter unit use lectric dj legtr ole~amtenn ngrAt signals. | tain
embodimenﬁ%aﬁz ije@rrlv'l[if?’(‘ar éﬁ:apIé@gigaiéid%%{i{\iergn%%%?ﬁe@ moe(tzl%e gabg%gﬁmiﬁcgﬁonﬁgn SV IC ll%the body
itself i2émpleynbddisnestsndingivehaediam masutickid odimemmsune siral (indt aondyietive signal
or high freq F) signal. - h il of | q_—p@lti legtrgnic circuit
that can be Li:%rr%p gﬁd%r?dr%ér%f?ﬁﬂ ae?gjcm%r%ftég Eﬂg%lé%éﬁ%%{/%ﬁﬁgn On t@e?s % t sl egg’reﬁtﬂhée two
battery electéigidasuietal Whaish indrafainIcaneosaied hygefamars . when in contract with an

The melal 132 prouee T (chota) 1 P DS VST Hlar S Gk aign

The metal 1 32 provides a ow voltag ,u(gro to the osCi eta _
voltage (V-hiept} @ghabizasitone fluid end gsuillgor ibatkauities gpestaivach Jhidra@e aniick signal

62 and.an Inyeter ik SNl e e BLR BRPRSITRA el T EfesiiR slarlsanal 0o ino

the coulnter unts the number of clo s and stores the count in a number of

registers. In targgbsieanh prdesretantcges #88 exichismehambaipipasdeThvsftthediapst dVbdanter 64
begins with . "ech tQ. . ISt G ines up to
T 111 R BB StaLt o o e e T 1o e A 3 A e b 65,
In one embaddiienpariahave s cliameieraranging: somtaratdd, Aihidh eboticlhag.eived astfi®tircuit,
and 30 geneégtesazlg C,%nﬁ)OI voltgggéo (I:T?ntrol the oscillator 61. Mux 65 uses the output of counter 64 to
reproduce the ] Si a?ggH it §t'éam, which is further fed to the signal-transmission driving
circuit. 3dux 65 can Biwo pertssed ta giveroldhendbity-@rel epafditiorsigh ablasinsnts spatd nodnether
embodiment mux%65 tlgns on sign I}ra mi% ior}]Enlyo?r}Fu%xti%?gtgr%‘ tg()e(i imF, %sgnﬂépﬁa I%ck
counts genef;&%'a‘ ?/rsc OnEEPEEES N 8w u?y cle conserves power AR ASERI0RE other
devices to trahamibevitizowat fasmisy positisipdltn phevakddfessaobatgntailehip, dambe, Sbhdsjrks bits or

32 bits. between two or more different chambers of the series battery. As such, location
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According to one embodiment, mux 65 produces a control voltage, which 5 encodes the address
serially and is used to vary the output frequency of oscillator 61. By example, when the control voltage
is low, that is, when the serial address bit is at a 0, a 1 megahertz signal is generated by the oscillator.
When the control voltage is high, that is, when the address bit is a 1, a 2 megahertz signal is
generated the gscillator.. Alternately, this can be, 10 megahertz and. 20 m. tz,..10 .(g%ase shift
keying apprgighe\/\ﬂ?e 2 RéE %%%IGC%YI% ﬁ%ﬁeaqtcg) %%o rﬁ?aﬁr% e gﬁ%ggr?ﬂi%ﬁfr%%éé%fprﬁ%% is to
control the frelatiendy aftiee batibaycstorciurdCailthe agvie éibein ey tirdiguiplifiedadifjoil of

oscillation. The outputs of mux 65 are coupled tg electr rive 66 whi an, drive t lectrodes
to impose apcﬁﬁgrenr}ﬁ'gl ﬁ&eﬁt%st%r}hesgolll?t?@g , aéi':\ﬁv?eh?m %%%ﬂ%ﬁr% %%cﬁ\ﬁgebr?&%%rc?&(gg §%%ﬁet%
generate a nespielicesigiial, @gdrae descriedlaiotrogle to push or pull charge to or from the solution.
In this manner, th vige broadgasts the sequence .of O'sand 1 :s whi nsti . ddress
stored rnglﬁ mux GS.ﬁaf z?(?dr%?sv{/%g%g Be%’%%ggg‘;?“rge\f)’eg e%lgls,%éir{lg vgdﬁu?%?gon%lén%}e% @&ge?gc%@ing until
metal 1 or neetdic?ii{B2ratnof 383 JBieotinaunedrFdGd A& sebrazkibaitego S0 ns wirdethip efttwg no

longer operates. ther configuration he sj neration.comp r .possible.
Ot conto TRiENS P oSl S D e cibli1aias 6l GHeas ReeHbade, TohcShimatcy
application seigiond 1BETRSROPEOL6ERE; pEdisimuilideplicatianiselifidAo 260/30%060TH6A on July

11, 2006; t.hv%r%i%cé?rsu}é:rt%r%5?%‘1??rﬁ‘ci%é‘eeéeéﬁg%:é’ép?#ﬁrﬁda%Fr&f.%rc?é‘“1%§B. Aﬁﬁ&‘sﬂl’%t%@b iments,
the activation component includes a power storage element. For example, a duty cycle configuration
may bélemuatienies anu/laaedsiswiermrh\bpttatyctonchom arbqitesent storechiarabsowlefisettage
clemen, e.q, 1% 8 ¢apaCpEAANICh {neDLBTORres o Sha' peiverda! 530 deploverkipdhe sional
generation cdmponent. 1n certain embodiments, the activation component includes a timing element
which modugsigs, 63 A deralyd 58Aiveryidt pomddeo ftrefiighaindanandiexiélirerenthe. ghatolsgnals from

different CoRARAPA & HBIFACO b1 S AN IINAIGHA! SRR Al i BRI are

produced at rent times an herefore distinguis In certain embodiments, the
componentsté8Rirdtistnattoisc IS $Btise ithaittier pofantanfprsabiuting betweakertharélpaitdason

i tearated ciroui . - o . b e
moduIes, Wi e R e o, the
functional blookiguergtjqroshmvwourcElGra28npiads ¢85 AnsandbtbBk seatnosititng anegRestNgircuit in
. ; . 1 AR - o i N

ciforent fun R D A B A A RO o

as IC, microwiadisit ofiizeocidpnsiné&Behiprtiwnpors, apipter E6iH) teadis1d8Anararipeepe0tefittronic
e fi : ) : '
circuit (w 'C%%&%géﬁg}@%%%g '&fé?néﬁt‘(‘i%ﬁ?@ﬁ‘ﬁ%@ RPﬂ?é‘r?é Eﬁeﬂ‘i‘gr@ﬁﬁg of

d
manufacture thin substrate of semiconductor material. The integ
certair?@mbodiftsetdd Brang a88rin iboendernyragmenh}®dintegrated circuits, which are miniaturized

electronic circuits %Fr%QQESLiHQQ’iWI&%m%@&d%éW dgfvige%@%gv%la%pé%y&@m@onents,
bonded to a substrate or circuit board. Embodiments of the present invention provide a low-power,
miniature, another embodiment of the invention. In FIG. 29, series battery 160 is made up
of two different battery structures 161A and 161B present on surface 162 of solid
support 163. Battery structure 161A includes cathode 164A and anode 165A
25  while structure 161B includes cathode 164B and anode 165B. The structure
illustrated in FIG. 29 differs from that shown in FIG. 28 as the battery structures
are stacked next to each other. As illustrated, the cathodes and anodes of each
battery structure are present in a chamber defined by boundary 166A and 166B.
Present in the wall 166A of structure 161A are ports 167A and 168A, which
30  provide for fiuid entry and exit from the chamber. Ports 167A and 168A of
structure 161A are positioned relative to ports 167B and 168B of structure 161B
so that the potential for shorting between the electrodes of structures 161A and

161B is substantially, if not completely eliminated.
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ingestible marker that includes an integrated circuit (IC) which automatically activates itself after the
contacts a patient's body fluid, transmits a predetermined signal based on locally generated power,
and de-activates itself after a certain 20 period of time. In these embodiments, as described above, the
EM uses the patient's body fluid, such as the stomach acid, to form a voltaic cell. Furthermore, the IEM

uses a special circuit that.changes the impedangce of a closed circuif which. far voltaic cell,
thereby creating a#}e'?(ge%rwgps?g héﬂrb'{} Sr%%gulﬁin%ctﬁéngm#%”?ugg [g%jomg{%lé%m%i % gﬁér%%t&ihat flows
through thepsistatisdisatie, dhd fGbpprikiichafheanorifeet topore;idet dild dieviresucts i @ nast
configuration allows the, circuitry to operate at a low vo ile_ge ing.a_si is sufficiently
ctrom 6 e By o T ot R B el e R E el
packaged wikraneaitiegratechiodtadc caliyhiohwemdrd mantfaetimesibie timesabnarsibsteytelzs the IC

circuit. This wafer level 30integration significantly reduces the chip and sim Btfr_sgr he.manufacturing
proces . ASE ?g’lyﬁfjeaiﬁqﬁ%@wﬂ@%‘?g%cg%s@érlaa%‘?y P&\?f\ér(g%p?ﬁrb%ee gm 0 i’me%ﬁfr%%ganode and
cathode eleptiydesthaiegals arsiliabrieated aubdach sideofyihiectidastratglysbietepy the(FL Gl)c is

ituated bet th lect N diment, th i¢ circuit is situated in a locati
chosen to TGP IRPEIGBE VR b RS VLR EAR R B ARG D o br ERORE e REB At
illustrates areliaoyelaysdstdacpoiioyiaioe dubedEMRY DFacaalfiance vtttk obie eniyatisient of the

Vot coll, TGN Ghn BE ZH5oF ARSI NESTT RS SOBDoud SEneE SACEA 5 BARGES 204, Or

rate 204. On
the oppositecsisiyafstitistrates284ins celazir ehuatldider(fs2}veatadalX@Rewhinle im thisrexsizple is

S e Al e S0RE B A B R A0
the "external5@rdudir tieaisfoengs, aatesutn Ocdibfolette sothiasaibisisé0tiallyr, bes)EMN Catanges the
Impedance o S R DS EY SRR BRI B ML Oh e Bhe, such that
water, but little if any other fiuid constituents at the target site, pass through the
15  membrane to reach to the dried conductive medium precursor of the identifier.

In certain embodiments, the solid support 153, 163 is a circuitry support
element. The circuitry support element may take any convenient configuration,
and in certain embodiments is an integrated circuit (IC) chip. The surface upon
which the electrode elements are positioned may be the top surface, bottom

20 surface or some other surface, e.g., side surface, as desired, where in certain
embodiments the surface upon which the electrode elements are at least partially
present is a top surface of an IC chip.

In certain embodiments, the series batteries have a small form factor.
Batteries may be about 20 mm?® or smaller, e.g., about 10 mm?® or smalier, such

25 as 1.0 mm® or smalier, including 0.1 mm® or smaller, including 0.02 mm® or
smaller. In certain embodiments, the battery element is dimensioned to have a
width ranging from about 0.01 mm to about 100 mm, e.g., from about 0.1 mm to
about 20 mm, including from about 0.5 mm to about 2 mm; a length ranging from
about 0.01 mm to about 100 mm, e.g., from about 0.1 mm to about 20 mm,

30 including from about 0.5 mm to about 2 mm, and a height ranging from about
0.01 mm to about 10 mm, e.g., from about 0.05 mm to about 2 mm, including

from about 0.1 mm to about 0.5 mm.
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flowing through the body fluid. A receiving circuit, e.g., on a personal health receiver as described in
greater detail below, in contact with the body fluid can 15 detect this current change and receive the
encoded messages. Note that the two electrodes Si and S2 of the voltaic cell also serve as the
transmission electrodes for the IC. This configuration significantly reduces the complexity of the IC

chip. Furthermore,since g fluid-metal interface often exhibjts high imped . USiN ate pair
of slecttodes which &HE S HELE 26 B TNG D A L SRSy S e e oA g
impedance StatescRooNisibeat A preibatiog BeriahMdoniSSiBB888TIENteadd dusersing woiebris

consumptioE. Therenfoer urSif I}f)‘le r\/cﬂtaic-cell electrodes for transmission also improves the
power-effici ﬁ(r:?/"(])f IR R?(ﬁ Ui ry.

12 7655t the IEM functions as an ingestible transmitter that
transmits a 25uniqiiaedsigtifat agienecatierosoenpowent b tha hidelifien dderpackaged stittuze
pharmaceutically acceptable vehicle, e.qg.,.as described above. When t 1SS d.and inside
the sto acr%,ﬁﬁie‘fﬁt%% ga& “63\9&%%)8( 2‘8 I? %F’ Nﬁfjﬁaorﬁl,cl?sﬁgqﬂg%tfo?n@c% %cagté%,t\%}bé\(@%we% é%t’rolyte to
power up ththataiarchbip modivethneacesticadeastias iheseafied Fugreataodetaibbelavpilldean be
ingested 30and transmit at the same time. Durin erati ique. ification e ., using
BPSK modusféqpoar%, B, alct]ggsféodh ?ﬁ?seggoggccas %%n né%rrégiﬁl/%lﬁganc eruﬁnéo lﬁgtgg’%q{/%g%ggeiver,
e.g., as descobmubbeltwomdiieimentithet inpiapabdeunti@rdtskig e tetectatdensipnak ardient's body
tissue. The receiver.can decode and store the identification code. wi i t R e
embodimen{f1 3%\?% : in{c'i: LGss! g%ufjm%rg gr?ges-id %\(':Vt(fé‘c?h (t:jlP&%try.%r%ﬁgﬁzﬁgyﬁ%}oﬁﬁgﬂ?@gﬂ detect
the impedarmanipinesn tDetactalansigoathodd drdenestesnuitns tiribleceooet dimiken sthmerged

in an electrolyte fluid, e.g.. stomach acid, Impedan t C is ad the 5IC is
not activated. ué:r{:|i \(ﬁeaqug ISOC?egsO al‘?‘?iizlgnSH ?}érggdt%gﬁh&tgepﬁl% ro ytge ﬁ%ll% gﬁé’%f%ﬁa*ﬂg&ﬁﬁ%&
impedance-tgtéutignigriet Wederaits thayliop geirapedznasighe Kgisatlsenvheteaepresenm@tivediments

e el A R Y argIns e e e dagere e
with a powesignaity atngibrdeimatiyation-sighalsirradderocy mewmgmeimeamm@gn internal
e oy Vol A SRR e U e e e, et opesee o
facilitating easdesitartliscnorawstaiitesow, which produces or generates the signal. The

type of circuitry chosen may depend, at least in part, on the driving power that is

supplied by the power source of the identifier. For example, where the driving

power is 1.2 volts or above, standard CMOS circuitry may be employed. In other

20 embodiments where the driving power ranges from about 0.7 to about 1.2 V, sub-
threshold circuit designs may be employed. For driving powers of about 0.7 V or
less, zero-threshold transistor designs may be employed.

in certain embodiments, the signal generation component inciudes a
voltage-controlled osciliator (VCO) that can generate a digital clock signal in

25  response to activation by the activation component. The VCO can be controlied
by a digital circuit, which is assigned an address and which can control the VCO
with a control voltage. This digital control circuit can be embedded onto a chip
that includes the activation component and osciliator. Using amplitude modulation
or phase shift keying to encode the address, an identifying signal is transmitted.

30 The signal generation component may include a distinct transmitter
component that serves to transmit the generated signal to a remote receiver,
which may be internal or external to the patient, as reviewed in greater detail
below. The transmitter component, when present, may take a number of different

configurations, e.g., depending on the type of signal that is generated and is to be
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In one embodiment, an IC includes three parts of circuitry. The first part is an impedance-detection
circuitry that uses the battery as the power supply. The second part is the main circuit that broadcasts
the messages. The impedance detection circuit can hold the main circuit at substantially zero power
consumption 20 before the battery detects an impedance lower than 10K Ohms. When the impedance

drops to approximately 10K.Ohms, the main circuit is activated and the.im d tlon circuit
can decoup%’?@a?f?gyn%%%'ga?@%ﬁ%g at?rd%ﬁeatr r?s”%”&&%?éh%%ﬁ%%‘i%ﬁ?y‘sgfsgiQEE%’@I g?% ec{ the
patient's safetyre/etsctradas dnsceittzan emdnndire et | Bedmresmitte nnempor@atyisohedsatip diagram

illustrating the design of a IEM IC in accordance with one e dime : inventian. In
general, the‘1e %érp 3 '?t?ér?/'gééﬁotn%rg @n%?fﬂ%‘ﬁégﬁtrgﬁ 3%%{? %ﬂl%er%g}egsceﬁc%ﬁéorﬁ‘%cludes

the voltaic-dedredetitied eamytolemthisnroadeleshwith etectoo lytefridddsm Asvelial, ciie Bignalo battery
electrodes gre coupled to the .30, high-voltage rail (VC nd.g e IC circyi ﬁﬁggactively.
%@P ﬁﬁ*&m%s”aaih’”c‘“"ge W é}/g@F g%%t é?recq]m{(:J gét ;é é%grra '

IC circuitry NSMIissiof switch transi arge transisto
recharge-prateetioasii@dg. 3ih0the fecharferisgs) cois3 £6;. d tocaltastiatbodibdenisd hensighRigic 312.

Local oscillator 314 produces one or more carrier f ie ich.is.u ol ic 312 to
issue a tran%smﬁé%ﬁlgrrﬁé%?#rﬁi% r( eIy &£ ?MSa%%eagé% (E{%gtl?r}rllv% %r}% o%? ?Pgﬁs%nﬂ%s%ohg)sgvﬁ?ch
transistor 3G8eEondxdraptenitteriliaterd@pélenn pruel etectr@dektiransipitier Hasad anmameir@entrol logic

312 can generate, a. binary-phase shift keyin - ! a ontral 1eg; en
switches onqgnct? gﬁ'?rgrﬁrs‘% 8%%%%0 {Fr‘gr?(g?m ﬁ?‘e@%@ﬁ%ﬁ%ﬁ%@%%%/gﬁor?téﬁgis#%%é\lﬁé %srﬁurned on,
a low-impedsoroe exteboalinetnts, citicait i psovited beitveseshawe eotaic-dibige srogigstric

Consequently, the current flowing t patient's b is.also.i n. istor 312 is
tumed oft, ARES Sl S e GBS ToSnaf Setiasefs (e daar
impedance. &oplegpandimngdyctive aueariigidwirepth afucpmmupicatian odhichsthaitechiliseller, Note
that the current draw of the res JFCUItrVe: €.0.,4 th ci : t [ j
sufficiently Ic'(:éwgs% ¥ ?" %%ﬁ%%é@%&?ﬁ?&ﬁ%ﬁé@?ﬁé i%ut % gﬁ?y[jgﬂﬁ%nt ’%ﬁ#%ﬁéﬁ%gﬁ
period and theagiteticesigvéd dr TigliHeequansigtidtB08dsalirned on, the two voltaic-cell electrodes are
effectively shorted. t Q ide SIS Signifi Iy n when
transis\i(%r 306 is tuﬁgﬁ%%%%wéﬂ&%éﬁ%tﬁc%ﬁﬁ% Igﬁeﬁ%ﬁgﬁgﬁﬁs%ﬁ %plge%r'lg?g Eggggﬁqﬁegglarge
capacitor 316aprbadenpheyaddessandesitiigs arc@yoctmitios |pgrsenb invertiomt tethbegetapacitor
316 20 is rechar en the,l Ip i3 ilen iqd,.L.&:, ' emains, off.
When transig{%%%?g tﬁ%s%gﬁ ﬁé&%@%ﬁa&%@%bﬁﬁé@ Lgtv?ggin ﬁ%@a%te y e%i??(%?;yé to drop, diode
310 preventsngtalshudyes iteentiactaptiviesr Sestiayie dainyhhakesytiasb pievider oeWREdoIn one
embodiment, digde. [ - iod r itching ti t4 iblethat, during
the transmistglr?)rg %%ﬁ%g ’r o%sicl:’iﬁgg)ﬁ‘g%gg%ﬁ)%%%ﬁc%%%&ﬁéﬁgv%gl:l egtte%?h gﬁ%%vgssstc%ed in

capaciifr 31bvcanirgey muNdidp Betoasaitetesi thrivsieid ﬁ&@mﬂﬁg@,atmb}tagéq%\/rded by
recharge capagitpy 6&ém&f&%?'Owsfhﬁevgﬁaﬁe,wpwf%wrﬂ& voliaiserRll if de ciffarence

between the$&"two voltages may not be large enough to turn on 30 Schottky diodé 310. In this case,

control logic@ackcaigaiué2a 2achamydnsigriatitsioch sioradnbdgadvsierang erRSSIES 308 eRfiich
couples the BaRry YRlage o CaRag Ol Ag IRENHOSSARCEY Fhibn sidfbRnERofgent, the
communication between the IEM | ang the réceiver Is simplex. That is, the IEM IC only transmits
signals withawméssiwhgslock cycles and stores the count in a number of registers. In the
25  example shown here, an 8 bit counter is empioyed. Thus, the output of counter
64 begins with a value of “00000000,” changes to “00000001" at the first ciock
cycle, and continues up to "11111111.” The 8-bit output of counter 64 is coupled
to the input of an address multiplexer (mux) 65. In one embodiment, mux 65
contains an address interpreter, which can be hard-wired in the circuit, and
30 generates a contro! voltage to control the oscillator 61. Mux 65 uses the output of
counter 64 to reproduce the address in a serial bit stream, which is further fed to
the signal-transmission driving circuit. Mux 65 can also be used to control the
duty-cycle of the signal fransmission. in one embodiment, mux 65 turns on signal

transmission only one sixteenth of the time, using the clock counts generated by
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any signals. The communication is performed via direct coupling between the IC electrodes and the
receiver circuitry through the patient's body tissue and fluids. The transmission is performed at two

frequencies, for example, one at 10 kHz and the other at 20 kHz. Other numbers of frequencies and
frequency values are 5 also possible. In general, different data-packet formats can be used with the

inventiv . bodi h itted d ket is 40- bit long, af which 16
it are Uso TSR vl SRIAE SAREr CCHRE e SN ATy 3 38 BINRAT ORbodes he

bits are used™
IEM's identifievitesrte erabsditneithdbe jpayheagd ¢heialsigiratiudd hdonddreser afr £ ieatianig-EC)

code 10 so thaat g]??ér%paniésggn iS gg]re robust. In one embodiment, a data bit occupies 16 cycles of
the carrier cfétk. e BP8k Ega'ed. Other encoding schemes are also possible. In a further

embodiment, the 18dubsjinghimminatiemipodandié pathe ®Snolodeck? lEHisdotsynairagiz atibicland 4 bits
ot embod R PSR TR bR CERI AG) ReTArs 24 B ESHEAh BLORGLEH mole 0
0000000000 BY1&XArho6, 04AeTOME] £66tAD MA@ is low, that is, when the serial address
bit is at a 0, a 1 megahertz signal is generated by the oscillator. When the control
voltage is high, that is, when the address bit is a 1, a 2 megaheriz signal is
generated the osciliator. Alternately, this can be 10 megahertz and 20 megaheriz,
10 or a phase shift keying approach where the device is limited to modulating the
phase. The purpose of mux 65 is to control the frequency of the oscillator or an
AC alternative embodiment of the amplified signal of oscillation.

The outputs of mux 85 are coupled to electrode drive 86 which can drive

the electrodes to impose a differential potential to the solution, drive an oscillating
15 current through a coil to generate a magnetic signal, or drive a single electrode to
push or pull charge to or from the solution.

In this manner, the device broadcasts the sequence of 0’s and 1’s which
constitute the address stored in mux 65. That address would be broadcast
repeatedly, and would continue broadcasting until metal 1 or metal 2 (32 and 33)

20  is consumed and dissolved in the solution, when the battery no longer operates.

Other configurations for the signal generation component are of course
possible. Other configurations of interest inciude, but are not limited to: those
described in copending PCT application serial no. PCT/US2006/016370;
provisional application serial no. 60/807,060 filed on July 11, 2006, the disclosure

25  of which is herein incorporated by reference.

In certain embodiments, the activation component includes a power
storage element. For example, a duty cycle configuration may be employed, e.g.,
where slow energy production from a battery is stored in a power storage
element, e.g., in a capacitor, which then provides a burst of power that is

30 deployed to the signal generation component. In certain embodiments, the
activation component includes a timing element which modulates, e.g., delays,
delivery of power to the signal generation element, e.g., so signals from different
compositions, e.g., different IEMs, that are administered at substantially the same

time are produced at different times and are therefore distinguishabie.
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n certain embodiments, the components or functional blocks of the
identifiers of the ingestible event markers are present on integrated circuits,
where the integrated circuits include a number of distinct functional biocks, i.e.,
modules. Within a given identifier, at least some of, e.g., two or more, up to an

5 including all of, the functional blocks, e.g., power source, transmitter, etc., may be
present in a single integrated circuit in the receiver. By single integrated circuit is
meant a single circuit structure that includes all of the different functional blocks.
As such, the integrated circuit is a monolithic integrated circuit (also known as IC,
microcircuit, microchip, silicon chip, computer chip or chip) that is a miniaturized

10  electronic circuit (which may include semiconductor devices, as well as passive
components) that has been manufactured in the surface of a thin substrate of
semiconductor material. The integrated circuits of certain embodiments of the
present invention may be hybrid integrated circuits, which are miniaturized
electronic circuits constructed of individual semiconductor devices, as well as
15 passive components, bonded to a substrate or circuit board.

Embodiments of the present invention provide a low-power, miniature,
ingestible marker that includes an integrated circuit (IC) which automatically
activates itself after the contacts a patient’'s body fluid, tfransmits a predetermined
signal based on iocally generated power, and de-activates itself after a certain

20  period of time. In these embodiments, as described above, the IEM uses the
patient’s body fluid, such as the stomach acid, to form a voltaic cell. Furthermore,
the IEM uses a special circuit that changes the impedance of a closed circuit
which forms the voltaic cell, thereby creating an external signal by modulating the
amplitude and waveform of the current that flows through the patient's tissue and

(%]
h

body fluid. As described in more detail below, such a circuit configuration allows
the circuitry to operate at a low voltage while generating a signal that is
sufficiently strong to be detected by a receiver in contact with the patient's body.
An |[EM's IC can be packaged with an integrated voltaic cell which can be
manufactured on the same substrate as the IC circuit. This wafer level
30  integration significantly reduces the chip and simplifies the manufacturing
process. As a result, each IEM's cost can be considerably lowered. In one
embodiment, the anode and cathode electrode materials are fabricated on each
side of the substrate, whereby the IC logic is situated between the two
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electrodes. In one embodiment, the logic circuit is situated in a location chosen
to minimize the area overlapping vertically with the anode or cathode electrode.

FIG. 3 illustrates an exemplary device configuration of the IEM IC in
accordance with one embodiment of the present invention. In one embodiment,

5 the IC chip’s substrate 204 is coupled to the anode (S1) of the voltaic cell, which

can he a layer of Magnesium (Mg) 206 coated on the backside of substrate 204.
On the opposite side of substrate 204 is a layer of cathode (S2) material 202,
which in this example is Copper Chloride (CuCl). The electrodes 202 and 206,
and the body fluid which serves as an electrolyte fluid, form the voltaic cell. The

10 [EM IC circuitry, which is fabricated on substrate 204, is the “external” circuit that
forms a return circuit for the voltaic cell. Essentially, the IEM IC changes the
impedance of this “external” circuit, thereby changing the total amount of current
flowing through the body fluid. A receiving circuit, e.g., on a personal health
receiver as described in greater detail below, in contact with the body fiuid can

15 detect this current change and receive the encoded messages.

Note that the two electrodes S1 and S2 of the voltaic cell also serve as the
transmission electrodes for the IC. This configuration significantly reduces the
complexity of the IC chip. Furthermore, since a fluid-metal interface often
exhibits high impedances, using a separate pair of electrodes which are different

20  from the voltaic-cell electrodes can introduce additional high impedance to the
circuit, thereby reducing the transmission efficiency and increasing power
consumption. Therefore, using the voitaic-cell electrodes for transmission aiso
improves the power-efficiency of the IC circuitry.

The IC of the IEM functions as an ingestible transmitter that transmits a

25  unique identification code once powered on. This IC can be packaged within a
pharmaceutically acceptable vehicle, e.g., as described above. When the [EM is
swallowed and inside the stomach, the integrated voltaic cell, or battery, uses the
stomach acid as the battery electrolyte to power up the main chip and
commences broadcasting thereafter. Furthermore, several pills can be ingested

30 and fransmit af the same time. During operation, a unique identification code,
e.g., using BPSK modulation, is broadcasted. This broadcast can be received
and demodulated by a receiver, e.g., as described below, which is either
implanted under the skin or in contact with the patient’s body tissue. The receiver

can decode and store the identification code with a time stamp.
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in one embodiment, a IEM IC includes an impedance-detection circuitry.
This circuitry is configured to detect the impedance between the anode and
cathode electrodes. When the electrodes are not submerged in an electrolyte
fluid, e.g., stomach acid, the impedance between the electrodes is high and the
IC is not activated. When the electrodes are in contact with the electrolyte fluid
and the impedance-detection circuit detects the drop in impedance, the IC is then
activated.

Embodiments of the present invention allow the smart pill to operate at
unconventionally low voltages. In general, the IC can operate with a power
supply at 0.8 - 2 V. In one embodiment, the IC is configured to operate with a
power supply at approximately 1.0 - 1.8 V. In addition, the voltaic cell exhibits an
internal impedance of 200 — 10K Ohm. in one embodiment, the volitaic cell
exhibits in internal impedance of approximately 500 - 5K Ohm. The IC also
provides an ultra stable carrier clock frequency, thereby facilitating error-resistant
communications.

In one embodiment, an IC includes three parts of circuitry. The first part is
an impedance-detection circuitry that uses the battery as the power supply. The
second part is the main circuit that broadcasts the messages. The impedance
detection circuit can hold the main circuit at substantially zero power consumption
before the battery detects an impedance lower than 10K Ohms. When the
impedance drops to approximately 10K Ohms, the main circuit is activated and
the impedance detection circuit can decouple itself from the battery. The third
part is a watchdog circuitry designed to protect the patient’s safety when
hazardous situation occurs.

FIG. 4 presents an exemplary schematic diagram illustrating the design of
a |[EM IC in accordance with one embodiment of the present invention. In
general, the IEM chip has a battery section 302 and an IC circuitry 304. Battery
section 302 includes the voliaic-cell electrodes, which when coupled with
electrolyte fiuid form a voltaic cell. The two battery electrodes are coupled to the
high-voltage rail (VCC) and ground for the IC circuitry, respectively. |1C circuitry
304 includes a transmission switch transistor 306, a recharge transistor 308, a
recharge-protection diode 310, a recharge capacitor 316, a local oscillator 314,
and confrol logic 312. Local oscillator 314 produces one or more carrier

frequencies which is used by control logic 312 fo issue a transmission command
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1011100 0 10011011 10001001 disabled for

(labeled as “broadcast”) to turn on and off fransmission switch transistor 306. For
example, oscillator 316 can produce a 20 KHz signal, based on which control
logic 312 can generate a binary-phase shift keying (BPSK)-encoded message.
Control logic 312 then switches on and off transistor 306 to transmit these

5  messages.

When fransistor 312 is turned on, a low-impedance external return circuit
is provided between the two voltaic-cell electrodes. Consequently, the current
flowing through the patient's body is also increased. When transistor 312 is
turned off, the external return circuit between the two voltaic-cell electrodes

10  exhibits a high impedance. Correspondingly, the current flowing through the
patient's body is significantly iower. Note that the current draw of the rest of the
circuitry, e.g., the oscillator 314 and control logic 312, is sufficiently low so that
there is a significant difference in the body current between the broadcast period
and the silence period.

15 When transistor 306 is tumed on, the two voltaic-cell electrodes are
effectively shorted. As a result, the voltage provided by the electrodes is
significantly lower than when transistor 306 is turned off. To ensure that control
logic 312 continues to operate properly, recharge capacitor 316 provides the
necessary voltage (VCC) to control logic 312. Note that recharge capacitor 316

20 is recharged when the IC chip is in a silence period, i.e., when fransistor 306
remains off. When transistor 306 turns on which causes the voltage between the
battery electrodes to drop, diode 310 prevents the charges stored in capacitor
316 from flowing back to the battery electrodes. In one embodiment, diode 310 is
a Schottky diode to ensure a fast switching time.

25 It is possible that, during the transmission period, oscillator 314 and/or
control logic 312 have depleted the charges stored in capacitor 316, causing
VCC to drop below a certain threshold. For exampie, the voltage provided by
recharge capacitor 316 may drop below the voltage provided by the voltaic cell.
The difference between these two voltages may not be large enough to turn on

30 Schottky diode 310. In this case, control logic 312 can issue a recharge signal to
turn on recharge switching transistor 308, which couples the battery voltage to
capacitor 316 and recharges capacitor 316.

In one embodiment, the communication between the IEM IC and the

receiver is simplex. That is, the IEM IC only transmits signals without receiving
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any signals. The communication is performed via direct coupling between the IC
electrodes and the receiver circuitry through the patient's body tissue and fluids.
The transmission is performed at two frequencies, for example, one at 10 kHz
and the other at 20 kHz. Other numbers of frequencies and frequency values are
5 aiso possible. In general, different data-packet formats can be used with the
present inventive system. In one embodiment, the transmitted data packet is 40-
bit ong, of which 16 bits are used as a synchronization/preamble pattern. The
rest 24 bits carry a payioad that encodes the IEM's identifier. In one
embodiment, the payload can also inciude a forward error correction (FEC) code
10 so that the transmission is more robust. In one embodiment, a data bit occupies
16 cycles of the carrier clock. The bits are BPSK encoded. Other encoding
schemes are also possible. In a further embodiment, the 186-bit
synchronization/preamble pattern include 12 bits for synchronization and 4 bits as

a preambie.
15 Table 1 illustrates an exemplary packet format for 16 IEM chips in
accordance with one embodiment of the present invention.
Chip 1ID# ; Sync | pream! 24 pits payload | broadecast-off mode
0 0QCO00CA0O00 1 1010 | 131001013 10001100 10111000 | disabled for 984 bits
3 000000000000 | 1010 | 10100101 131001010 010113100 1 disabled for 984 bits
20 2 0000006000000 ¢+ 1016 | 10610010 11101001 001C1110 | disakled for 984 bits
3 000000000000 §+ 1010 | 10001001 0111100C 10010111 | disabled feor 984 bhits
§ 000G0C000660G | 1010 | 11000100 10111100 Q1001011 | disabled for 984 bits
5 00000000000¢ | 1010 + 11160010 0101111C (00100101 | disabied for 9B4 pits
& 000000000000 § 1010 | 11110001 Q0CLD1111 00010010 | disabled for 984 kits
25 7 GOQooa00eo0s 1 101¢ ¢ 1031110006 10011011 10001002 0 disabled for 984 bits
g Cuoooitoeo0n 1 1010 § 13101313100 01001101 110003100 1 disabied for 984 bits
g Q0O0COOGo000 4 30X0 ¢+ 10010113 000101190 16001110 | disabled for 984 bizs
106 QOooGa0oe000 | 1610 ¢ 11081021 10000011 91900111 | disabled for 984 bits
11 GoQooaoonons | 1010 ¢ 146100301 110001031 10100011 | disabied for 284 bits
30 12 0oaooooao000 | 1010 | 10030010 1110011C 11010001 | disabled for 984 bits
i3 0o0o00Ca0000 | 1C1G ¢ 10001001 0311101311 01101000 | disabled for 984 bits
14 0QCO00000000 | 1010 | 11000100 101100171 10110100 § disabled for 984 bits

=
5t

G00G0o0000000 | 1010 ¢ 1310001C (01010003 11GL10IC | disabled for 984 bits

TABLE 1
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FIG. 5 illustrates an exemplary transmission sequence for a bit pattern of

“0010" in accordance with one embodiment of the present invention. Each bit is

represented by 16 clock cycles. Depending on the battery configuration, it might

be desirable to limit drive transistor 306's duty cycle to maintain sufficient power

5 to the oscillator. In one embodiment, the “on” state of drive transistor 306 is

maintained to be substantially equal to or less than 25 us. Thus, during the 20

kHz transmission where a clock cycle is 50 us, the driver is on for 25 ps and off

for 25 ps. During the 10 kHz transmission, the driver is on for 25 pys and off for 75

us. A logical “0” transmission begins with the rising edge of a data-clock cycle,

10  and lasts for 16 clock cycles). Correspondingly, a logical “1” transmission begins

with the faliing edge of a data-clock cycle, and also lasts for 16 cycles. Note that

other duty-cycle configuration and encoding schemes are also possible.

FIG. 6 presenis an exemplary waveform for 20 kHz transmission of a

sequence “10101” in accordance with one embodiment of the present invention.

15 Note that for purposes of illustration, each logical bit occupies 3 clock cycles,

instead of 16 cycles. FIG. 7 presents an exemplary waveform of 10 kHz

transmission of a sequence “10101” in accordance with one embodiment of the
present invention. Note that each logical bit is aiso shortened to 3 clock cycles.

in certain embodiments, the operation of the IEM can be divided into the

20 following four periods: storage, holding period, broadcast period, and power

down. During the storage period, the IC is turned off and typically consumes less

than 5 mA. During the holding period, the IC is turned on. However, the

broadcast is disabled for the oscillator clock signal to stabilize. In one

embodiment, during the broadcast period, a packet is transmitted 256 times.

25  During each transmission, the transmission driver transistor operates to transmit

a packet and is then turned off for a period of time. When the transmitter driver

transistor is off, the rest of the [EM IC remains powered on. in one embodiment,

the average duty cycle during the entire broadcast period is maintained at

approximately 3.9%. Other values of the average duty cycle are also possible.

30 During the power-down period, the IEM IC is powered down gracefully. Broadcast

is turned off completely. FIG. 8 presents an exemplary state diagram illustrating

the operation of a IC in accordance with one embodiment of the present

invention. During operation, the system first enters a storage period 702,when an

impedance detection circuit operates to detect the impedance between the two
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battery eiectrodes. Meantime, the IC is power-gated off. After the impedance
detection circuit detects a low impedance, for example an impedance of
approximately 10 kOhm, the circuit releases the IEM IC from the power-gated-off
state. Correspondingly, the system enters a holding period 704. During holding
5 period 704, the chip’s broadcast function is disabled for approximately 10
seconds for the clock signal to stabilize. Next, the system enters a broadcast
period 708. During this period, data packets are broadcasted twice in one cycle,
one at 10 kHz and one at 20 kHz, with a cycle pattern of ON (10 KHz) for 32 ms ~
OFF for 768 ms — ON (20 KHz) for 64 ms — OFF for 1536 ms. Each cycle is
10  approximately 2.4 seconds, and the system finishes 256 cycles in approximately
10 minutes. Note that, at each frequency, the chip’'s transmission duty cycle is
maintained at approximately 3.9%. During the remaining 96.1% of the time, the
recharge capacitor is recharged. Subsequently, the system enters a power-down
state 708, when the oscillator is stopped and the chip is power-gated down. Note
15 thatif, for some reason, the chip keeps broadcasting continuously before the end
of the 10-minute broadcast period, the system resets the chip's power supply and
the broadcast process is started again. Such situation may occur when, for
example, the stomach’s conductivity suddenly drops so low that the oscillator and

its generated clocks cannot function properly.
20 Table 2 presents a set of exemplary operation parameters for an IC in

accordance with one embodiment of the present invention.

Specification
Operating Condition Units
Min max
Operatin
P 9 20 45 C
Temperature
Storage Temperature 0 60 C
Storage Humidity 20% | 90% | Relative
Human body 1000 | S'm”,
o 0.01/4
conductivity/pH value /11 pH
TABLE 2

ra
th
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Table 3 presents a set of an exemplary IEM circuit's DC parameters in
accordance with an embodiment of the present invention.

DC Specification Units
Description
Parameter Min Typ Max
Power supply for the main chip except
Vee the impedance detection circuit, and the 1.0 1.6 1.8 volts
output driver.
I(s2) DC current for the chip during recharging 8 10 12 uA
V(s2) Battery voltage 1.0 1.6 1.8 volts
Output driver's ON-resistance (function of
Zon 7 11 55 | Ohms
Vbatt.)
Zoff Cutput driver's OFF-resistance. 75K | 100K | 500k | Ohms
Vhattery | Battery voltage when fully wetted 1.0 1.6 1.8 volts
Solution’s conductivity for Chip to function 1K-3K
Rbattery 500 5K ohms
properly
TABLE 3

5 Table 4 presents a set of an exemplary IEM circuits AC parameters in
accordance with an embodiment of the present invention. Note that for actual
chip design the targeted value can have +/-5% to +/-10% over temperature,

power supply voltage, and transistor’s threshold voltage range.

Description Specification Units
Max Typ Min
f osc Oscillator’s frequency 256 320 384 kHz
f1_broadcast Low broadcast frequency 8 10 12 kHz
f2_broadcast High broadcast frequency 16 20 24 kHz
T_brdcsten  Holding time before enabling chip to 8 10 12 Sec
do broadcasting at power-on
T_brdestoff Time for broadcasting 8 10 12 Minute
Signal Signal amplitude=Vbat-{voltage-drop- V=16 ~157-148 volts
Amplitude over-Rbattery)=a sirong function of R=500
Vbattery and Rbattery V=16 ~1.6
For slow cycle, VCC droops so much R=5K  (ZoutputTRX
that output driver's impedance can be ignored)
increase which wili reduce the signal's V=12 ~1.14-1.08
amplitude. R=500
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000000000000 11010! 1110001 0 01010001 11011010 disabled for 984 bits TABLE 1 FIG. 5
illustrates an exemplary transmission sequence for a bit pattern of "0010" in accordance with one
embodiment of the present invention. Each bit is represented by 16 clock cycles. Depending on the
battery configuration, it might be desirable to limit drive transistor 306's duty cycle to maintain sufficient

power 5 to the 030"'%8{-JPV8;?€ em%gqé@ nt, the “on" state ot\ﬁ_qv transistoy 306 is maintained to be

. e | £ =1. Bl S
substantially equal to orless than ps. Thus, during the 20 kHz transmission where a clock cycle is

50 ps, the driver is on for $9955 be4EeR R5A8s. During the 184 traiomwatiivh, the driver is on for
25 ps and off for 75 ps. A logicabueyuERSmission begins with the risingeetigeneta data-clock cycle, 10

and lasts for 16 clock cycles). Correspondingly, fAggieak"1" transmission begins with the falling edge
of a data-clock cycle, and also lasts for 16 cycles. Note that other duty-cycle configuration and
encoding schemes are also possible. FIG. 6 presents an exemplary waveform for 20 kHz

transmission of a SeEYENEREHIONY S AFSREIANES Wil aNp STaRAGHERA asisePRRsRRER ENIion. 15

Note that for purposes of iIIusétratlon, each logical bit occupies 3 clock cycles, instead of 16 cycles.

FIG. 7 preséﬁf@?a@f@xé&ﬁ]‘ﬁfﬁy Resess of 1*@@@8&%%5%%@*%%@@%%@? o f&ordance
with one embodin A ARBPLESE RIEWEE UL TE MOLR: ﬂﬁ&a@éeﬁiéﬂmgigmm@@&ﬁmdw clock

cycles. In certain embodiments, the operation of the IEM can be divided into the
to most types of pills. For example, a IEM IC chip can have a size less than 2x2

mmZ2  In one embodiment, the IC chip can be 1x1 mm? or smaller. In one
embodiment, the chip is Tmm x 1mm. The bottom side of the chip’s substrate
serves as the S1 electrode, and the S2 is a pad fabricated on the top side of the

10 substrate. The pad's size can be between 2500 pm? and 0.25 mm?. in one
embodiment, the pad is approximately 85 ym x 85 ym.

Although the previous description discloses a chip configuration that uses
the same electrodes for battery and signal transmission, in certain embodiments
separate electrodes are employed for power generation and signal transmission.

15 FIG. 9 illustrates one exemplary IEM chip configuration where two
separate electrodes are used for battery and signal transmission, respectively. A
ground electrode 802 is fabricated on the bottom side of a substrate 800. On the
top side of substrate 800 is a battery electrode 804 and a transmission electrode
806. Also fabricated on substrate 800 is a circuitry region 808. During operation,

20 the battery formed by electrodes 802 and 804 provides a power supply to the
circuitry within region 808. The circuitry drives transmission electrodes 806 and
802, and produces a current change in the patient's body. It is possible that the
current flowing from transmission electrode 806 to ground electrode 802 may flow
below the circuitry region 808, causing changes to the electrical potentials in the

25  circuit elements. Such potential changes can cause undesirabie latch-ups in the
transistors within circuitry region 808.

One approach to avoid such latch-ups is to separate the transmission-
electrode region and the circuitry regions so that there is minimum lateral current
flow that would change the potential under the circuits. For example, the

30  substrate contacts can be located in regions that can divert current flow from the

circuitry area. FIG. 10 illustrates an exemplary chip configuration that minimizes

20



20 following four periods: storage, holding period, broadcast period, and power down. During the
storage period, the IC is turned off and typically consumes less than 5 mA. During the holding period,
the IC is turned on. However, the broadcast is disabled for the oscillator clock signal to stabilize. In one
embodiment, during the broadcast period, a packet is transmitted 256 times. 25 During each

2 period of M NRER HBRIA ASFHIEP IR a ToAER ST R Bl 5 FESER R PCHRne Bowered

on. In one Wmﬁmzmewena@ephﬁsubwlmdpme thebemitie heoatieastartad istniadnfained at
approximately 3.9%. Other v s of the avera re,also possiple. 30 uring the

power- dowrﬁ%’éﬂ e& %ﬁ‘i’ﬁ%e%ﬁ %J\ﬁ g &E? igcéa &tﬁ%‘f Bﬁ&’dp@ﬁ eftgﬁl FIG. 8
presents ansﬁmﬁtertssiat@rwagmslwwgét& apesafiomofte Srtuascesdincevhith @nie
embodiment of the present invention. Duri eration, the s stem first ente torage

702, when aw ‘&Pﬁ{ % Y@ﬁ aP&ﬁtag%bg é‘gt e(fé%‘ctst d‘ésh%é l@tvv%@n FﬂS‘%ﬁS‘ battery
electrodes. ¥leantie, cthq;ICcamﬁgwetr@aéed FIGAfteM tt‘émmme@naa detestigargirtayiodstents a low
impedance, far exa anl edanc roximately 10 kOh ircuit releas the EM IC from
the power- gﬁlé%?ﬁg &d%sﬁoﬁdfﬁyy&ﬁ );Htse eerda 8(1336 p%ﬂ t&%cﬁ? Win ﬁoldlngS
period 704, $ubsthijts hovddrast Mgaieotisdisa0ez. foDatproxopasily b sabstatfaibe maek signal
to stabilize. th s a proadcast p 7 this erlod ts are
broadcasteogt't)\ﬁg "ﬁf&% ((i?/cliab)eﬁ‘e atE1 Cilfﬁi’? q‘(l;#(tbg tafﬁjD Iljéra%ltﬁ% ?/CI% pgﬂ %Plgﬂy(lo KHz)
for 32 pos - @lekctfori#é8and -1RAINsEibia) édeGdoohss: OFBéfoleIi&m&I&amsﬁeydeﬂﬁ He a
approximately 2.4 secponds, and the system finishes 256. ¢ in.ap mately 10, miny Note
o, at o HENE 8 (AR TR CNRE U, ESBIETS RMa L H: BB AEe 3%, During
the remalnlrmeﬁﬁtiéﬁaofdhm&maydme re@hemgtr@ialp@uammsumhwgmh 008 i dottettheab it m
enters a power-dowrn, state en the C|Ilator iS.S ch is power-g ated down. Note
15 that if, foFEB]’%E Pg %b ?H mﬁ(g@gs Safi%e{? tf?é)\ﬁ Audod F‘Befo[:r)ae' Pe ant (%ﬁwelrﬁ-minute
broadcast pwwd;dh&tsyMgneimﬁemﬁdﬂQM’s alivest el Epagniidie tlbmamramtaumessmsmtwted

again. Such situatio occur when, . for example, the stoma h's co uct|V|ty suddenly drops so low
that the"oscilf&5? aﬁréqugze%rg e%’%\g’(gl%%%}tac?? thEﬁoH E)rogerfgls'ﬁgufable 2 presents a set of

exemplary operatidfl@artineteviiEs an Epiodecovianae ittpecdie mididieardfahampiéddnn
invention. Oggé%triggnggn% SR é) elr%:\llflecn Poonn 'tﬁiéﬂ I’JII‘N affiﬁpﬁ%nﬁtciudes silicon dioxide
substrate 1201, e.g., having a thickness of 300 um. Present on bottom surface is
electrode layer of Magnesium 1202, e.g., having a thickness of 8 um. Positioned
20 between Mg electrode layer 1202 and bottom surface of substrate 1201 is
titanium layer 1203, e.g., having a thickness of 1000A. Positioned on upper
surface of substrate 1201 is electrode layer (CuCl) 1204, e.g., having a thickness
of 8 um. Positioned between upper electrode layer 1204 and substrate 1201 is
titanium layer 1205, e.g., having a thickness of 1000A, and gold layer 1206, e.g.,

25  have a thickness of 5 pm.

While the signal generation and emission protocol above has been
described in terms of activation and transmission occurring at substantially the
same time, e.g., following contact with target site and/or environment, in certain
embodiments the activation of the IEM and transmission of the signal can be

30 separate events, ie., that may occur at distinct times separated by some
duration. For exampie, an IEM may inciude a conducting medium that provides
for activation prior to ingestion. In certain embodiments, the IEM is encapsulated

in a fluid, electrolyte sponge, or other conducting media such that it can be
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Temperature 20 45 C Storage Temperature 0 60 C Storage Humidity 20% 90% Relative Human body
conductivity/pH value 0.01/4 1000 /11 S.m-1,

activated externally prior to digestion. In these embodiments, the receiver is

configured to detect a transmitted signal only when the signal is transmitted from

the target site of interest. For exampie, the system may be configured so that

transmission will only occur upon contact with body tissue insuring proper event

5 marking. For example, activation can occur with handling of the IEM. Pressure

sensitive membranes that break with handling or contact may be empioyed,

where braking causes electroiyte material to enable connection of the battery

elements. Alternatively, degradation of the gel capsule in the stomach can aiso

release stored electrolyte and activate the IEM. Encapsulating the 1EM in a

10 sponge (composed of conducting material which retains water close to the IEM)

allows for activation to occur in the presence of small amounts of liquid. This

configuration counteracts poor transmission performance in the absence of
conducting fluids.

Note that other jayout designs are also possible. In addition, silicon-over-

15 insulator (SOl fabrication techniques can be used to insulate the iogic-control

circuitry region from the conductive substrate, so that the transmission current

cannot interfere with the control circuit.

in certain embodiments, the identifier compositions are disrupted upon

administration to a subject. As such, in certain embodiments, the compositions

20 are physically broken, e.g., dissolved, degraded, eroded, etc., following delivery

to a body, e.g., via ingestion, injection, etc. The compositions of these

embodiments are distinguished from devices that are configured to be ingested

and survive ftransit through the gastrointestinal tract substantially, if not
compietely, intact.

25 In certain embodiments, the identifiers do not include an imaging system,

e.g., camera or other visualization or imaging element, or components thereof,

e.g., CCD element, illumination element, etc. in certain embodiments, the

identifiers do not include a sensing eiement, e.g., for sensing a physiological

parameter, beyond the activator which detects contact with the targeted

30 physiological site. in certain embodiments, the identifiers do not include a

propulsion element. in certain embodiments, the identifiers do not include a

sampling element, such as a fluid refrieval element. In certain embodiments, the

identifiers do not include an actuatable active agent delivery element, such as an
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pH TABLE 2 25 Table 3 presents a set of an exemplary IEM circuit's DC parameters in

accordance with an embodiment of the present invention. DC Parameter Description Specification
11111=Max Min Typ Vcc

element that retains an active agent with the composition until a signal is received
that causes the delivery element to release the active agent.
The identifiers may be fabricated using any convenient processing
technology. In certain embodiments, planar processing protocols are empioyed to
5 fabricate power sources having surface electrodes, where the surface electrodes
include at least an anode and cathode at least partially on the same surface of a
circuitry support element. In certain embodiments, planar processing protocols
are employed in a wafer bonding protocol to produce a battery source. Planar
processing technigues, such as Micro-Electro-Mechanical Systems (MEMS)
10 fabrication techniques, including surface micromachining and bulk
micromachining techniques, may be employed. Deposition techniques that may
be employed in certain embodiments of fabricating the structures include, but are
not limited to: electrodeposition (e.g., electroplating), cathodic arc deposition,
plasma spray, sputiering, e-beam evaporation, physical vapor deposition,
15 chemical vapor deposition, plasma enhanced chemical vapor deposition, etc.
Material removal techniques included, but are not limited to: reactive ion etching,
anisotropic chemical etching, isotropic chemical etching, planarization, e.g., via
chemical mechanical polishing, laser ablation, electronic discharge machining
(EDM), etc. Also of interest are lithographic protocols. Of interest in certain
20 embodiments is the use of planar processing protocols, in which structures are
built up and/or removed from a surface or surfaces of an initially planar substrate
using a variety of different material removal and deposition protocols applied to
the substrate in a sequential manner. lllustrative fabrication methods of interest
are described in greater detail in copending PCT application serial no.
25  PCT/US2006/ 016370; the disclosure of which is herein incorporated by
reference.
in certain fabrication protocols, a sacrificial layer is used. For example, in
certain three-dimensional embodiments, such as ones described in greater detail
below, where gaps or spaces are desired, sacrificial layers may be employed
30  during fabrication, where such layers are removed in whole or in part prior to use
of the battery. Sacrificial layer materials of interest include, but are not limited to,
photoresists which can be hard baked to make them stable processing. The
photoresist sacrificial layer can be removed using any convenient protocol, e.g.,

with acetone, once the deposition of the top electrode is compiete. Other
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Power supply for the main chip except the impedance detection circuit, and the output driver. 1.0 1.6
1.8 volts 1(s2) DC current for the chip during recharging fl10 12 uA V(s2) Battery voltage 1.01.6 1.8
volts Zon Output driver's ON-resistance (function of Vbatt.) 711

materials that can be used as a sacrificial layer include, but are not limited to, a
silicon nitride, silicon dioxide, benzocyclobutene or tungsten. Other methods of
removing the sacrificial layer include but are not limited to gas phase removal, dry
etch removal and hydrogen peroxide.

5 As mentioned above, in certain embodiments planar processing, e.g.,
MEMS, fabrication protocols are employed to fabricate batteries that include an
anode and cathode that are at least partially present on the same surface of a
circuitry support element. By "least partially present on the same surface of a
circuitry support element" is meant that at least a portion of a cathode and at

10 least a portion of anode are present on the same surface of a circuitry support
element, where both electrodes may be entirely present on the surface of the
circuitry support element, one electrode may be wholly present on a surface and
the other electrode only partially present on surface, e.g., where the other
electrode includes a portion that is present on a different surface than the surface

15 on which the first electrode is positioned, and where both eiectrodes are partially
present on the same surface and then partially present on different surfaces. The
implantable on-chip battery can be deposited on the chip in a variety of ways.
The circuitry support element may take any convenient configuration, and in
certain embodiments is an integrated circuit (IC) chip. The surface upon which

20  the electrode elements are positioned may be the top surface, bottom surface or
some other surface, e.q., side surface, as desired, where in certain embodiments
the surface upon which the elecirode elements are at least partially present is a
top surface of an IC chip.
Using MEMS fabrication techniques, batteries of embodiments of the
25 invention can be manufactured to be very small size, e.g., as reviewed above.
The electrodes of the batteries can be deposited in a variety of thicknesses, e.g.,
ranging from about 0.001 to about 1000 um, such as from about 0.5 to about 10
um. Where gaps are present between electrodes, the gaps may have a width
ranging from about 0.001 to about 1000 um, such as from about 1 to about 10
30 pm.
in one embodiment two cathodes are deposited on the surface of a chip
with an anode separaiing the two cathodes. A dielectric layer is deposited In
between the electrodes and the circuit chip with circuit contacts penetrating the

chip surface. This configuration allows multiple batteries fo be put into series
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55 Ohms Zoff Output driver's OFF-resistance. 75K100K 500k Ohms Vbattery Battery voltage when
fully wetted 1.01.6 1.8 volts Rbattery Solution's conductivity for Chip to function properly 500 5K ohms

which provides for a greater voltage to be applied to the circuit chip upon
activation of the battery by contact with the target site. FIG. 30 shows a planar,
inter-digitated battery layout. The dielectric material 9 is deposited on the circuit
chip & which contains the circuit contacts 7. The anode 3 separates the first

h

cathode 1 from the second cathode 2. Embodiments employing this configuration

include ones in which batteries are in series (e.g., as described above}, which

provides for higher voltages that may be used by the circuit upon contact with the

target physiological site. In certain embodiments, this configuration also provides

for low battery impedance because the electrodes are placed so closely together.

10  This embodiment is characterized in that both the cathode and anode elements
are wholly present on the same surface of the chip.

in another embodiment, at least one of the anode and cathode elements is

partially present on the same surface as the other electrode, but also partially

present on another surface, e.g., side, bottom, etc., of the chip. For example, the

15 anode may be present on a small portion of one side of the surface of the circuit

chip and wrap around that side to cover the bottom of the circuit chip. The

cathode is present on the remainder of the top surface of the circuit chip, and a

small gap is provided between the cathode and the anode. In one aspect, a large

cathode plate covers a majority of the top surface of the circuit chip while the

20 anode covers the bottom surface of the circuit chip and wraps around the side to

the top surface. Both electrodes, e.g., plates, can be connected to the circuit chip

via a circuit contact through the dielectric layer on the top surface of the chip.

FIG. 31 shows the dielectric material 9 covering the circuit chip 5. Cathode 1 is

deposited over a majority of the top surface of the dielectric material 8. The

25 anode 3 is deposited over the remainder of the top surface as well as the side

and bottom surfaces of the circuit chip § saving a separation between the

cathode 1 and anode 3 on the top. in certain embodiments, the separation

ranges from about 0.001 to about 1000 ym, such as from about 0.1 to about 100

um, e.g., about 2.0 um. In certain embodiments, the circuit chip 5 may be flipped

30  during fabrication in order to deposit the anode 3 on the bottom surface of the

chip 5. Circuit contacts 7 for both the anode 3 and cathode 1 are provided on the

top surface of the circuit chip 5, traveling down through the dielectric 8. This

configuration provides a very large electrode area since it utilizes both the top

and bottom of the circuit chip 5 as well as one of the sides.
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TABLE 3 5 Table 4 presents a set of an exemplary IEM circuit's AC parameters in accordance with an
embodiment of the present invention. Note that for actual chip design the targeted value can have
+/-5% to +1-10% over temperature, power supply voltage, and transistor's threshold voltage range.

Description Max Specification Typ Min Units f_osc Oscillator's frequency 256 320 384 kHz

fi broadcast Low broadcast frequen
- In another e ubog%nent, a cathode is positioned on a top surface of a

circuit chip, e.g., present as a layer that has been deposited over a dielectric on

the top surface of the circuit chip. During fabrication, a sacrificial layer is then

deposited on top of the cathode Iayer. An anode layer is then deposited on top of

5 the sacrificial layer. The sacrificial layer can then be removed leaving a gap

which provides an area for target site fluids, e.g., electrolytic stomach fluids, to

contact the anode and cathode. Using this embodiment, additional electrode

layers can be stacked on top of one another after depositing another sacrificial

layer on top of the anode. In doing so, the implantable on-chip battery can be put

10 into series, e.g., where a vertical series configuration is desired. FIG. 32 shows

dielectric layer 9 disposed on top of circuit chip 5. The cathode 1 is deposited on

top of dielectric layer 9 and through to the circuit contact 7. A sacrificial layer (not

shown) is deposited on top of the cathode 1 to provide a base for the anodes 3 to

be deposited. Once the sacrificial layer is deposited, its surface can be etched to

15 provide a rougher surface. Therefore, when the anodes 3 are deposited onto the

sacrificial layer, the bottom of the anodes 3 will conform to a rough surface. The

sacrificial layer could also be deposited using cathodic arc, which would deposit it

in a rough and porous manner. Multiple anodes 3 can be deposited in multiple

sizes to provide multiple voliages to the chip circuit 5. Once the anodes 3 are

20 deposited, the sacrificial layer can be removed to create a gap, where in certain

embodiments the gap ranges from about 0.001 to about 1000 ym, such as from

about 0.1 to about 100 um, and including from about 1 to about 10 ym. In certain

embodiments, the gab between the anodes 3 and the cathode 1 is chosen fo

provide a battery with desired impedances and different currents. The areas of

25 the anodes 3 can also be manufactured to provide different voltages to the circuit

chip 5, as desired. Therefore, the anodes 3 can be manufactured to provide

multiple voltages with multiple impedances and currents for the same chip, with
minimal use of chip space.

in another embodiment, a cathode layer is deposited over the dielectric on

30 the surface of the chip, and multiple anodes are deposited over different areas of

the cathode. A sacrificial layer is deposited to separate the anodes from the

cathode during fabrication, and upon removal produces a gap between the

common cathode and two or more anodes positioned over the cathode. As can

be seen in FIG. 33, the anode 3 may be anchored to the outer area of the circuit
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8 10 12 kHz f2_broadcast High broadcast frequency 16 20 24 kHz T_brdcsten Holding time before
enabling chip to do broadcasting at power-on 8 10

chip 5. It is at that point 4 where the circuit contact for the anode 3 may be
placed. FIG. 33 differs from FIG. 32 in that only two anodes 3 are deposited
above the cathode 1. The two anodes 3 are also different sizes, and therefore
provide different surface areas. The anodes 3 can be manufactured to meet the

5 requirements of the application. If multiple voltages are desired, the anodes 3
can be manufactured out of different materials. If multiple currents are desired,
the anodes 3 can be deposited in multiple sizes. If multipie impedances are
desired, the anodes 3 can be deposited with different sized gaps between the
anodes 3 and the cathode 1.

10 in another embodiment, two anode plates are present on the surface of
the circuit chip with a cathode circuit contact deposited in the middle of the
surface. The cathode is then attached to the circuit contact in a way such that it
hangs over the anodes, thereby forming a gap between the cathode and anode.
FIG. 34 shows another embodiment of the implantable on-chip capaciter that

15 utilizes the space above the circuit chip 5. An insulating layer 171 is formed on
the surface of the circuit chip 5. The circuit contact for the cathode 1 is formed at
the center of the chip with ancdes 3 formed at either side leaving a gap between
the circuit contact and the anodes 3. During fabrication, a sacrificial layer is then
deposited on top of the anodes 3 to form a base for the cathode 1. Once the

20 cathode 1 is deposited, the sacrificial layer is removed providing a space for the
fiquid to enter.

In another embodiment, a cathode is present on the surface of the circuit
chip with an anode positioned in a manner sufficient to provide an open chamber
above and at least partially around the cathode. Openings are provided that allow

25  electrolytic fluid to flow into the chamber, which produces a current path between
the anode and the cathode. Muitiple openings may be provided as desired, e.g.,
in order to ensure that no air gets trapped inside of the chamber. In FIG. 35, the
anode 3 surrounds the cathode 1 creating a chamber 173 into which an
electrolytic fluid will enter. An insulating layer 11 separates the cathode 1 from

30 the circuit chip 5. Upon contact with the target site, the eleciroiytic fiuid will enter
the chamber 173 through the openings 175. The openings 1756 may be situated
in opposite corners of the chamber 173 to make sure that no air gets trapped
inside. The configuration of FIG. 35 may be desirable in certain instances. For

instances when there may not be an abundant amount of electrolytic fluid present
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12 Sec T_brdcstoff Time for broadcasting 8 10 12 Minute Signal Signal amplitude=Vbat-(voltage-drop-
V=1.6 -1.57-1.45 volts Amplitude over-Rbattery)=a strong function of

in the stomach, the implantable on-chip battery can be fabricated to contain the

fluid it comes in contact with around the electrodes, e.g., as shown in FIG. 35. By

doing so the battery would be assured of having a continuous reaction whereas,

if it were open, the fluid may enter and exit the reaction area and cause the
5 battery to stop.

Where a given battery unit includes a chamber, e.g., as shown in FIG. 35,
surface coating to modulate fiuid fiow into and out of the chamber may be
empioyed, as desired. In certain embodiments, the surface of a portion of the
chamber, e.g., an interior surface of the chamber, may be modified to provide for

10 desired fluid flow properties. For example, the surface energy of one or more
surfaces of the chamber and fluid ports may be modified to provide for enhanced
fiuid flow into the chamber. For exampie, the surface energy of one or more
surfaces of the chamber may be increased, such that the surface becomes more
hydrophilic. A variety of different surface energy modification protocols may be

15  employed, where the particular protocol chosen may depend on the particular
composition of the barrier and the desired surface energy properties. For
example, if one wishes fo increase the surface energy of a given surface, the
surface may be subjected to plasma treatment, contacted with a surface energy
modification such as surface modifying polymer solutions described in, e.g., U.S.

20 Pat Nos. 5,948,227 and 6,042,710, each of which is incorporated herein in its
entirety for all purposes. In certain embodiments, a hydrophilic substance may be
employed to attract and retain the electrolytic fluid within the chamber, e.g., as
described in PCT application serial no. PCT/ US07/82563, the disclosure of which
is herein incorporated by reference.

25 in certain embodiments, one or more surfaces of the battery, e.g., intertor
surfaces of a chamber, are modified to modulate gas bubbie formation and
positioning on the surface. For example, activation of a battery may result in
bubble production, e.g., hydrogen gas bubble production. Surface modification
may be employed so that bubbles produced during activation, e.g., on the active

30 cathode, are drawn from the cathode to another location, e.g., away from the
cathode, outside of the chamber, etc.

The above embodiments are exampies of the inventive planar processing
protocol produced batteries in which at least one anode and at ieast one cathode

are present on the same surface of a circuitry support element. The above
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R=500 Vbattery and Rbattery V=1.6 -1.6 For slow cycle. VCC droops so much that output driver's
impedance R=5K (ZoutputTRX

description is in no way limiting, as other embodiments may be produced which
have the above common characteristic.
In another embadiment of the invention, planar processing protocols are

employed in a wafer bonding protocol to produce a battery source. In certain of

Lh

such embodiments, a dielectric can be deposited on a circuit chip. A cathode
fayer can then be deposited on top of the dielectric. An anode can be deposited
on a separate support wafer. The anode may then be bonded to the bottom of
the circuit chip at which point the support wafer can be etched out to allow the
anode surface to come in contact with the electrolytic fluid. As such, another
10  fabrication technigue that can be used in making the implantable on-chip battery
is wafer bonding. The implantable on-chip battery can be manufactured using two
wafers, such as in the embodiment of FIG. 36. The circuit chip 5 provides the
base for the cathode 1, which is deposited on top of a dielectric 9. This
composes the first wafer assembiy 179. The second wafer assembly 178 is
15  comprised of a support wafer 177 and the anode 3. The anode 3 is deposited on
the surface of the support wafer 177. The anode 3 is then bonded to the circuit
chip 5 and the bulk support wafer 177 is etched away exposing areas of the
anode 3. The amount of the support wafer 177 that is etched away is dependent
on the areas that are desired for the anode 3. This fabrication method can be
20 useful for the implantable on-chip battery because if more circuitry is desired it
can be placed in the support wafer 177.
Ail of the embodiments and figures discussed above can be aitered to
switch a cathode with an anode and vice versa, providing yet additional disclosed

configurations of the invention. Additional planar process fabricated embodiments

o]
wh

of interest include those described in U.S. Provisional Application Serial No.
60/889,868; the disclosure of which is herein incorporated by reference.

Optional Physiologically Acceptable Carrier Component
In addition to the identifier component described above, the ingestibie
30 event markers may be present in (i.e., combined with) a physiologically
acceptable carrier component, e.g., a compaosition or vehicle that aids in ingestion
of the identifier and/or protects the identifier until it reaches the target site of
interest. By physiologically acceptable carrier component” is meant a

composition, which may be a solid or fluid (e.g., liquid), which has is ingestible.
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can be ignored) increase which will reduce the signal's V=1.2 -1.14-1.08 amplitude. R=500

Common carriers and excipients, such as corn starch or gelatin, lactose,
dextrose, sucrose, microcrystalline celluiose, kaolin, mannitol, dicalcium
phosphate, sodium chioride, and aiginic acid are of interest. Disintegrators
commonly used in the formulations of the invention include croscarmellose,

5 microcrystalline cellulose, corn starch, sedium starch glycolate and alginic acid.

A liguid composition may comprise a suspension or soiution of the
compound or pharmaceutically acceptable salt in a suitable liquid carrier(s), for
example, ethanol, glycerine, sorbitol, non-agqueous solvent such as polyethylene
glycol, oils or water, with a suspending agent, preservative, surfactant, wetting

10 agent, flavoring or coloring agent. Alternatively, a liguid formulation can be
prepared from a reconstitutable powder. For example, a powder containing active
compound, suspending agent, sucrose and a sweetener can be reconstituted
with water to form a suspension; and a syrup can be prepared from a powder
containing active ingredient, sucrose and a sweetener.

15 A composition in the form of a tablet or pill can be prepared using any
suitable pharmaceutical carrier(s) routinely used for preparing solid compositions.
Exampies of such carriers include magnesium stearate, starch, lactose, sucrose,
microcrystalline celiulose and binders, for example, polyvinylpyrrolidone. The
tablet can also be provided with a color film coating, or color included as part of

20  the carrier(s). In addition, active compound can be formulated in a controlied
release dosage form as a tablet comprising a hydrophilic or hydrophobic matrix.

"Controlied release”, "sustained release”, and similar terms are used to
denote a mode of active agent delivery that occurs when the active agent is
released from the delivery vehicle at an ascertainable and controllable rate over a

25  period of time, rather than dispersed immediately upon application or injection.
Controlied or sustained release may extend for hours, days or months, and may
vary as a function of numerous factors. For the pharmaceutical composition of
the present invention, the rate of release will depend on the type of the excipient
selected and the concentration of the excipient in the composition. Another

30 determinant of the rate of release is the rate of hydrolysis of the linkages between
and within the units of the polyorthoester. The rate of hydrolysis in turn may be
controlled by the composition of the polyorthoester and the number of
hydrolysable bonds in the polyorthoester. Other factors determining the rate of

release of an active agent from the present pharmaceutical composition include

36



Output voltage is the result of voltageV=1.2-1.2 divider between Rbatt andR=5K(ZoutputTRX
ZoutputTRX.can be ignored) TABLE 4 As to a IEM chip's physical size, the chip's dimension can
be between 0.1 mm2 and 10 mm2. Because of the special IC configuration, embodiments of the 5
present invention can provide a IEM chip that is sufficiently small to be included to most types of pills.
For example, a IEM IC chip can have a size less than 2x2 mmz2. In one embodiment, the IC chip can

be 1x1 mmPBHGikaAZe | ReHd ke RlooE MatURe Bfifek TR ohAXeRabEEIR MtTbABEhip's
substrate sgsHg§ias! @ﬁﬁ@ﬁ%@ﬂg@i&@@ Sfane 2t fageRRindinARrdep side of the 10 substrate.

The pad's size can be between 2500 pm2 and 0.25 mm2. In one embodiment, the pad is
approximately 85 pin So8aPgition iRt dPrMethravARSHIS GARt e dssRaERdausiNg cERiifiR ation that
uses the sagecalesiiafen robaliarsarerisRrhpIRNEPIFRIBHHANARKAH SEeiBIARELIRPaRe

electrodes are employed for power generation and si&lnal transmission. 15 FIG. 9 illustrates one

exempldry |EXFPIF Eog B RS WRBIN KBRS e r AR nathsits R USRS Badn oL ¢ Enal
transmissioroigpReFid elbd AR URE BIRAEOIRBPR [soigbtipatatkogybs bsaﬁpﬁbsp@;%:%ét&wate 800.
ec

On the top side of substrate 800 is a battery electrode 804 and a transmission electrode 806. Also

fabricated ofi§hEHAR BRXS gl GRRAHEISK 8GR Wi E RrtEGRMRPIRIRRI Y fSERDy

electrodes 8gigNbBRH figpkleschPRMEAIBIPRIY, iRothexarapiey WIhin paeiemmeB fieisHatdRY drives
transmission electrodes 806 and 802, and produces a current change in the patient's body. It is

possible thaf 8@ RILEABNR § FEATehASH ISSHRIR & 3Rf $BIEYP GRS Pelectrode 802 may flow

below the circuitry Tefif BiisauaRE eAANGESHEIUR¢erl i cRIRMeHRthICEIRIGae bbRigments.
Such potential changes can cause undesirable latch-ups in the transistors within circuitry region 808.

One approatARPXYBIGEYIGE |LtaseinReY ¥ RPN FEREdRR AR SYIRRNSH: VAR FRB T asi Yhe

circuitry regigsis s ibrreds Sririm ail aieratenmest flowshaame ulkbekanassthe fotaatialainder the
circuits. For example, the 30substrate contacts can be located in regions that can divert current flow

from the cirdTR SRYTFREAFHR R BIBE M AR RS c SHRBTFREI tsisARTlvid Bicuit

latch-ups in geseklankeeanithcensi¢anendament of the present invention. As shown in FIG. 10, itis
possible to place s%\'t/)astrate contact reéizons at the four ¢corners of the substrate. As a result, the

electrobe current fIGIAYYNEREHE SUBSARRERREERN tPHhe HIPIESHTERE SRS JAYREGrcuitry
region whiclpistieSikee ¢aifidsoSpilasbu spadibexmut denign Beadeleaisiedtdoatie anesasnthglectrode

chip configurations. FIG. 11 jllustrates an exem Ia(%qlggout that minimizes latch-ups in a IEM chip. As

shown in FIGIE2 B BRABIHETOPAISLIIFABABOR SIS BleRsR %'b%?z%??tﬁé'{?b&? of
substrate 106@ isradud€! electrode 1006. Electrodes 1002 and 1006 serve as both battery

Other components suitable for use in the formulations of the present

20 invention can be found in Remington's Pharmaceutical Sciences, Mace
Publishing Company, Philadelphia, Pa., 17th ed. (1985).

Optional Active Agent
In certain embodiments, the ingestible event marker does not include a
25  pharmaceutically active agent. As such, the identifier, and any carrier or other
component that make up the ingestibie event marker, do not include an active
agent.
In yet other embodiments, the ingestible event marker includes an active
agent. By "active agent/carrier component” is meant a composition, which may be
30 asolid or fluid {e.g., liquid}, which has an amount of active agent, e.g., a dosage,
present in a pharmaceutically acceptable carrier. The active agent/carrier
component may be referred to as a "dosage formulation.”
"Active agent" includes any compound or mixture of compounds which

produces a physiological result, e.g., a beneficial or usefui result, upon contact
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10 electrodes and transmission electrodes. Below CuCl electrode 1006 are a number of transmission
driver circuitry regions 1004, which are located at the peripheral of the layout. A control-logic circuitry
region 1008 is located at the center of the chip. This way, the current flowing from the transmission
drivers toward the Mg electrode 1002 is diverted away from the control-logic circuitry 15region 1008,
thereby avoiding ané latch-ups.in the transistors. FIG. 12 proviges an exploded viev¥ of a specific

embodiment'8P 2 N9 UEBETh R Wit P tIRaRBALFUE FE 2 2UERN 280 Y RIEEIRGh dioxide

substrate 1stirgyGisthaiedrariniskbr ssopi LR, dyessities bosieiersuthvenit elediedatiayer of
Magnesium 1202, e.g., having a thickness of 8 pm. Positioned 20 between Mg electrode layer 1202
and bottom %‘l'}lgse% grduBt tg rﬁb‘lﬁqg'maﬁl i} Iﬁ%rﬁ@%‘?%‘.‘é%ﬁgvmgcmﬁ ﬁgsgré%%ﬁy@A.

Positioned @amppeeatsfausdcilistigin R isclavirodadayiy, @abIN294irdinghmosigneothickness

of 6 [1m. Pasitioned betwee er electrode layer 1204 and syhstrate 1201 is titanium layer 1205,

.0 nabing TR LR TbODA. 1od Y oy, TSGR0 2 PRSI URERE DA Brkv e the

signal genegaligscantheaissinreprbadieh aiteyeHanadtnen slgsotibeslibteemsubistativatiosednith

transmission occurring at substantially the same time, e. .,éollowingpcontactwith taﬁ;getsit and/or
plnd ieoraTa U

environment"h SAIRRSENOSRMEHIS tRE RERVAREA o WEERE (PAn8hRsRATHRY afcan be

30 separatepgy@tstide., thateayimcemiaidiatng tintes seppaeated dytsomag dbeatncenmeimple, an
IEM may include a conducting medium that provides for activation prior to ingestion.,In certain
i W ohid! Bistys ey

embodimen?é’,b[ﬁtgméﬁ RUE ?)ﬁj%ﬁé%o g Lé‘l’é‘l:?ﬂ)%p[e"g ,8Pt8t &6h @&t[ﬁ%gaia such
that it can beystetivaind exteeaithangesdrdigesiidor.In these embodiments, the receiver is configured

to detect a transmitied signal only when the signal is transmitted from the target sitg of interest. For
example, the syste ?ngg%"@ cﬂ%ﬁﬁr@& 'so%ng‘ﬁ1 NS r@gn ifpg%rﬁc C&r{PoR c%rrﬁgét Wifh body
tissue insurigryopebjeventihentaigey. mayerempleyaaibstion adiffeeir tytedaofdivajwbthe IEM.

cavees oL R Rt Con LB P STy MR C Al Hegihaon s

dhatve §/J Jegradation of
the gel capssi¢rindiaistomaicafuasaagiessersiprod pledtivlyiehodmutiipits theutidit Badspsulating

Al CA R T e R T L X e
transmissiongrgeiermehcénietbet abiseiaieof eutithutingriiitaiomNotetzgtragber kyput desiges,are also
possible. In Sﬂgist;i)%ndtgggg,n_r%\@rétases, cyclooxygenases, proteases and the like, targets
comprising domains invoived in protein-protein interactions, such as the SHZ2,
SH3, PTB and PDZ domains, structural proteins, e.g., actin, tubulin, etc.,
20  membrane receptors, immunoglobulins, e.g., 1gE, cell adhesion receptors, such
as integrins, etc., ion channels, transmembrane pumps, transcription factors,
signaling proteins, and the like.
The active agent (i.e., drug) may inciude one or more functional groups
necessary for structural interaction with the target, e.g., groups necessary for
25  hydrophobic, hydrophilic, electrostatic or even covalent interactions, depending
on the particular drug and its intended target. Where the target is a protein, the
drug moiety may include functional groups necessary for structural interaction
with proteins, such as hydrogen bonding, hydrophobic-hydrophobic interactions,
electrostatic interactions, etc., and may inciude at ieast an amine, amide,
30  sulfhydryl, carbonyi, hydroxyl or carboxyl group, such as at least two of the
functional chemical groups.
Drugs of interest may include cyclical carbon or heterocyclic structures
and/or aromatic or polyaromatic structures substituted with one or more of the

above functional groups. Also of interest as drug moieties are structures found
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15 insulator (S01) fabrication techniques can be used to insulate the logic-control circuitry region from
the conductive substrate, so that the transmission current cannot interfere with the control circuit.
In certain embodiments, the identifier compositions are disrupted upon administration to a subject. As
such, in certain embodiments, the compositions 20 are physically broken, e.g., dissolved, degraded,
eroded, etc., following delivery to abor@{/ﬁ,e. ., Via ingestion, injection, eic. The cogmpositions of these
embodimentTReC BIPGHERUER o GIHHIAE REPURES o RIS e HRIBEFERd SRR dransi
through the gasteintestinatirass sdestaatiadly, istataaaipigtelicgetast. 2omiestednenhedioients, the
identifiers dg not include an imaging system, e,q., camera or other visualization or imaging element, or
componentSHRIETRG-NEE Yo SRR P IO EIRSE ! NG Sl RSO RHAIRY, P
identifiers dgifferenekssiesnsey pracionens kndwioirsersimg. a physiological parameter, beyond the
activator which deL@(_:l(t?s contact with the tarlTnin ﬁsiolo ical site. In certain embodiments, the

I i

! ted 30
identifiets do not in d@%’}f)‘?oﬁg%M¥ @iﬁ?ﬂvgéjr? B BaHH: ¥s AR HEFifRE Y (S’tolnclude a
sampling elegrepbwughtiastarfiaig ietrienahrlemeaninin sevidde evabietimentsotiredderitiiergidg not

includ tuatable acti t deli I t, h I t that retai ti t
with the conlBERIN I G0 R GPTBP LA Ses TS BEATEFcRATFHES AT HFactve

agent. Taeaitidnéfidss maydesrfalrndataiiaie) apnbesiensntzpratdssivgrieghndlogygdnicertain
embodiments, planar processing.protocols are empl }/ed t(ﬁ? fabricate power source havin%surface
electrodes, Wg@ §urﬁ.{§z egégf%)g%% (ﬁudg‘gﬁég al'SnoBEFBAPLRho & affl %‘5& lly on
the same susfees ofiastimestareliphgsheleticest. [Altarativemblisiarey s piatargeoessingdyotocols

are employed n a wafer ppndjng prqtocol to produce a battery source. Planar processing techniques,
Suich s Mol R ST PL BRI S USRS PRENA T KBS BA i AR LR AR Gl 2 ace
micromachipingiacedo vk ditioramachatinaltecsycihesicaiby fredunpbb yibtafizapasdicortgeiumgses that
may be emploged in,certain e%m%){ﬁimen s of fabriciéatin tcgpt str.ucﬁurlfezﬁ incls{fe, but are_not Jimiited to:
electrodepogﬁ or’ie(%. X&EOCC{]M% t 53“9 tSANEIEES S i%ﬂ',cﬁas g%'ﬁ ?ESu gﬁnsme'gr?eam
evaporationpwsical alghomdapodion ubdhémicalodyner depastitioatapiakmidb e cedraemical
vapor deposition, etc. Materjal removal techpiques, included, bug. are not limited to: reagctive ion etching,
I eyl T AL 7 T R o 2 N
polishing, lasssdifitationseleatrionis dastatige, makcyiniog (FERid)ifetatidis caofithfersEbmrestthdgraphic
protocols. Of inEEJf?%t |tr|1 cgrtaingO Fmbodiments is the use of planar processing protocols, in which

|

structures afe B B BRarPT8N3YEs from a surface or surfaces of an initially planar substrate using
a variety of differerAsnateril tleenavdivendgipositiyn eotdoaineppliedtatib i stheausabgquential

manner. lllustrative fabricatio ethods of interest are. described in greater detail in copending PCT
olication S RS PR AURBRUE) BRS T Ee TIRRLS, ool iR B EomRats AR
refererée. Irtvergn tamisatator@iotoealss a isacrii ctalrepymu s uswersitr exanbpiatanigeltaiary.
three-dimengj %EH e(%leg;dinaer}t%, ng,u%rclcs q!%erg rtlaleescr{ged 51 ggr‘eater. g{sta%rt?]elgwegvhﬁg \;s,eor
spaces are desired, Aarcial Irayers may be emdeye S30%44 ngn}gl‘bn%atlon? ere such layers are
removed in waolerstiaipdrspria tieasatiéthethsiyeiry sBaapficizd i@jersostenily absagrést thelude, but

are not |Imlt% tﬁ

eity. Combinatorial libraries, as well as methods for producing and screening
such libraries, are known in the art and described in: 5,741,713; 5,734,018,
25 5,731,423, 5,721,099; 5,708,153; 5,688,673, 5,688,997, 5,688,606, 5684711,
5,641,862; 5,639,603; 5,583,853, 5,574,656, 5,571,698, 5,565,324, 5,549,974,
5,545,568, 5541,061; 5,525,735, 5,463,564, 5440,016; 5,438,119, 5,223,409,

the disciosures of which are herein incorporated by reference.
Broad categories of active agents of interest include, but are not limited to:
30 cardiovascular agents; pain-relief agents, e.g., analgesics, anesthetics, anti-
inflammatory agents, etc.; nerve-acting agents; chemotherapeutic (e.g., anti-

neoplastic) agents; efc.

PERSONAL SIGNAL RECEIVERS
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photoresists which can be hard baked to make them stable processing. The photoresist sacrificial
layer can be removed using any convenient protocol, e.g., with acetone, once the deposition of the top
electrode is complete. Other materials that can be used as a sacrificial layer include, but are not
limited to, a silicon nitride, silicon dioxide, benzocyclobutene or tungsten. Other methods of removing

the sacrificial layer jnclude but are not limited to gas phase oval, dry etch removal and hydrogen
peroxide. 5As merftioH&Y '3\5’8\%?%0&’&&5}1 %alﬁil'} nﬁgﬁ&ep' T H}%é\éﬂ@,se‘.’é.:‘rméﬂ’}@,%ication

protocols amemHostshén febeneie haistizndbtondbelodn angrs heaodsckaerteast
partially present on the same surface of a circuitry supp ement. By "least partjally present on the
e curfadb Bt & B TEPE e PR TSt B B ) SaSARt P e MRS Rt 10
Ie;ast a O?ortimg%tapmﬁ@ginmﬁm M:Wﬁ%m§$?¢©p&wimtrymml |Qm§ﬂbr\|/\lhgl§£db0th
electrodes ma e enre resent on the surface the circuitry support element, one electrode may
be whotly pr‘é%é(nﬁgﬂ' & gc@% %%%@&ﬁ%‘&% Bﬁﬁhﬁa?{%nﬁfg?@ééﬁt%?@{ﬁﬁéegﬁH‘.‘?Where
the other eletgiaslegincirdesragierienthalgs neerenbned Bifevenisuiate thansigasudasidd on

Curface and oA GARINEHTBRE B aREr e AL TR o ARSD SH e B et

deposited ondhdigiitpdnta:vRetgighwkysmBmsiic Uudighaippedreiaatte mmsatakeldnysignaenient
configuration, and,in certajn embodiments is an integrated circuit (IC) chip. The surface upon which 20
the eIectrodgcagﬁﬁ'é:nst@H?éspg?ﬁ‘ioﬂﬁmwgﬁtﬁg ﬁ‘Reo surface, bottom surface or some other surface,
e.g., side surface, &s desued, avhiese imeeitaithembodinenis thersiyiase uporevdiigh thesglegtrode

elements are atéea t partially present is a top surface of an IC chip. Usin S faprication
fechmaues, SHHTEN Sy ah RN GF e Thvertol CaR G T R rOd o168 427y Qe size.
e.g., as reviewedahpenchie ekectioddsoaf,the hiasterigeoambedepositad traoranesdiohthicknesses,
e.g., ranging fram about 0.0Q1 t .agout 000 pm, such as from about. 0. bout 10 pm. Where gaps
ve brosent BUsliel SRR, hd BASIETHEY REOK R TG o a5 TR 2KELe 1000
pm, such astfsesisativotditaiedaddl0 30 reqguirct thachertbedirttenichrigcatbodes digedeposited on
the surface of a chip with an,anode separating the tv odes. A dielectric layer is osited in
potmeon, the e N SR AR B A ST E P Eo MER e ek TG R CFAT SRS i
configuratioared ovtisenbitipie fssterse otdhee puibjato sedes nmthishfpnovicke eltatdogicaltervaliage to be
applied to thg cr:rlrc%n@:rég uBRn activatio gf the battegpebét%ggﬁct with bhe é)ar ettsite. FIG, 30 shows a
planar, inter-éﬁgﬁge b tgy?a%?oﬁ{g?ﬁée‘ Fé’f?é&?ﬁ:%? it [ 8%?1% il.t § S ErdTec f)%which
contains theresalijt sontacmbodimentsdd® separaged¢hahistadditbode dinden dinetsadondreathode 2.
Embodimené[:soﬁme%lﬁ Ii}nqj}hrlﬁ“(a:onfi%{r Itic!%n ii(nclude ones 1jn V\é‘hich baﬁteri %are in seri éﬁ"% as
described above), which prowdqeg for ?g er \?&?Q&gg?ﬂato% F)?B%nﬂf é%pa/ %333P§5it(%3 Bnntact with
the targjet plisiciatpoainsies |saestainupitsbtalithentsnthes barfaynittingn arsorpomides fonitcanbattery
impedance hecause the electrodes are placed so closely together, 10 This embodiment is
characterizetggi%?rﬁgl Eh%%g%nﬁ@scgﬁ%fe S&E%?%oé@ %?e?n\g)r/\?s? Qrew %]‘R/ %'f%scgrrl %{F’Ytﬁécshaamngesgurface of
the chip.  via the skin and other body tissues of the subject. This communication protocol

has the advantage that the receivers may be adaptably arranged at any desired

location on the body of the subject, whereby the receivers are automatically

25 connected to the required electrical conductor for achieving the signal

transmission, i.e., the signal fransmission is carried out through the electrical

conductor provided by the skin and other body tissues of the subject. Where the

receivers include sensing elements (see below), one may have a piurality of

receiver/sensor elements distributed throughout the body and communicating

30  with each other via this body conductive medium protocol. Such a body-based

data transmission additionally has the advantage that the transmitting power

required therefore is extremely small. This avoids the generation of interference

in the electrical operation of other devices, and also helps o prevent the

unintended interception or tapping and surveillance of the sensitive medical data.
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In another embodiment, at least one of the anode and cathode elements is partially present on the
same surface as the other electrode, but also partially present on another surface, e.g., side, bottom,
etc., of the chip. For example, the 15 anode may be present on a small portion of one side of the
surface of the circuit chip and wrap around that side to cover the bottom of the circuit chip. The
cathode is present o the remainder of the top surface of the c and as aII rovided
between the Eﬁth"ﬁd’é’ HAG MEYNRYL. RPWRE Mt %e'ﬁaﬂ%ﬁﬁ d ¢ %?Q § Bgt f the top
surface of theigiesinictrip \ywbile sha 26rapatmomeitdhegh astpacialifate aptieationst leiyngnal wraps
around the ?rde to the toP surface. Both electrodes, e.g., plates, can be connected to the circuit chip
via a circuit BBH%CEPW&@W dielectric layer on the top surface of the chip. FIG. 31 shows the
dielectric material Tieo\signegl ttmelvealt@h@ﬁgﬁmbctderéoendeoos@chbﬂena amjdentififatiertop
surface of tﬁz dielect rﬂf mamg The 25 apode 3 is,deposited overt @rnde{ oftt e toR surface
as wellas t 5 5okt Lﬁg’rcﬁgc(?f‘t ec.?b‘lf‘ﬁ'érf C?’é’gvrnﬁ 8%% tBe & cathode
1and anodea’to@rﬁlze @mgnateetaittarnbommanmmaaeoamtrmwangasemam abmtnmd]raemtm about

1000 h f t 0.1 to about di th
crout e S SRS AP e e TS R R R
surface of trmﬂttwd&:@ﬁmnt RS, lrfm:drtztmtbmaodmﬁemmdmmgdai Jrareumovsdeapmrme top

surface of th cuit ch| 5, tra gdow throu the |eI ctric 9. conf uratio rovrdesavery
large eIectrdﬁ Qr%a &R Bq{"[ﬁlg é gﬁd et 'grgth@g'&?t S Sgr &' nPO| malss

as well' as one of the

sides. 10 Wbdﬁhemcﬁﬁmhﬁmte@q&rmdawepdﬁmnmmt@ma topsorgaescof a circuit chip, e.g.,
present as a layer tﬂa@t has been de 05|ted over Elgeelectnc 0 the to urfafe of the rcurt ch p.

During fabrication, AdiRe If%?g hgﬁide'ﬂg gn‘fg he cAthode a)yeorein ano%na‘ayer IS
then depositedeindp@iehretits, swum‘nelahmymtu‘r'beoé&befrrmidwmreiemﬁrﬁnrtm;eesmﬂgd/msng agap
which provi rea for targe srtef ds e elec 0 ach flui ds toc tac node and
cathode. Usiﬁego %88&!?& %ﬁhéf&dﬂg @doqa)clé#s: H;J Ss?agkg R o?))% cl)%?ﬁa?nother
after deposrlmg:arnaﬁhmhodﬁmaﬁlayﬁreomgmraIorfetbermronhem nneddirdlge sethar implanedddéroneship
battery, 0 into serr re a vertical s r|e confr ired. Fl shows
drelectr C Ia;?(g @ %oE%%’%n C%SC I?(:(hrrpn%m 8%8 de1 s de%%%rte?eﬁ? g CQlesée%tnc layer
9 and throughdreth® orrnnm”eontactrﬂomsmmmﬁld@mmdm statw\)n))rsdmpoﬁngcsrgnatmmmw cathode
Ito provide e far th anodes. 3 to be deposited. Oncet ifici r | surface
can be etch gatirelg Br Iggner rherjb W enﬁteer% Br%mwﬁ éé%ﬁm? € \r%e 'gé)%\c})%% \gﬁonto the
sacrificial Iam pfwlnkmdomtbﬂm ammmemmmmmsmamghesdﬂﬂaeﬁhe gaaqifidtaaeoger could

also be depogiediisinagaibadi ale hishuaudenasl D Ao A p AT Gar e

anodes 3 ca %e d posr ed omLTpIe S1288 T provide le"voltages to the chip Once the
anode&( arardd niepeﬂaedembcthémﬁalrWy@e&dmbe arbmdv@d ttocabatd & gup, alriraain feemain

o BHot 48 AR o7 200 LR AP A LA AR AT AR fhd 1RR000 100

pm, and inclf Ing from Sobout 1 t68bout n certain embodiments een the anodes
3 and the catfecteotigsishoserntagirawiticon Eaeetjoatih mdedtl‘mpbddm@sraﬁdtd|ﬁ@er’alogﬁrents

The ares oLz i aades 3CanAR R TBNMBEECIO NS ATHETRYOLIARR @ Uppcu chip

5, as desired There ore e anodes 3 can be manu acture o provide mult ges with multiple
impedancesrafaticarrentsdir therstuntivenippaitheténiamil ueedof aﬂwgpacélswenbtatér dmbstiment, a

cathods,layeys deposiiat over o dieleell 0nyA0. 1 Sudaes AEibe fiBARY Cufipls apoles are

deposi ed overd rent ar athode. A sacrificial layer | p05|te to Separat he anodes
from the catlvedidueind talimeaionthendigpah detactian rotipeagaEpatoilietoae o Mefecathode

and to oF MR AR9cES0aRke LRt aY Uit B 4Re S GAR RGeRRRRIBT erfianth R ki Eafh MY be

anchored to uter area _
embodrments the signal detection component includes an acoustic detection

element for detecting signal emitted by the signal generation element. in certain

30 embodiments, multiple pairs of electrodes {(e.g., as reviewed above) are provided,
for example to increase detection probability of the signal.

The signal receivers of interest include both external and implantable

signal receivers. In external embodiments, the signal receiver is ex vivo, by which

is meant that the receiver is present outside of the body during use. Where the
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chip 5. Itis at that point 4 where the circuit contact for the anode 3 may be placed. FIG. 33 differs from
FIG. 32 in that only two anodes 3 are deposited above the cathode 1. The two anodes 3 are also
different sizes, and therefore provide different surface areas. The anodes 3 can be manufactured to
meet the 5 requirements of the application. If multiple voltages are desired, the anodes 3 can be
manufactured out of diﬁerer}tm[gater;%s. If. multiple currents are desireﬂ_ the anodes 3 can be deposited

in multiple SPEEMEm it SRPAINEGari0ss SIRNALSRAEYRE Mioled™Rar BE RBRRldGEYCifRrent
sized gaps behfigardinecbe dtsbbyamsktitatathadte thed Badgnetider sithbodinard, dwexanodeatlates are
present on the surface of the circuit chip with a cathode circuit contact deposited in the middle of the
surface. Th @&W@ggﬂ%ﬁ@ﬁﬁﬁé&%?ﬁé@ﬁgﬁﬁggﬁ%%ifiﬁ'%r\ﬁ%ogﬂiﬁ?ﬁ "hangs over the
anodes, thereby formitig: Hasuribstwensdh escativede eihthanooentdt nddysbe witiaeothebitendodiment
of the implantable gn-chip.capacitor that 15 utilizes the space above the circuit chip 5. An.insulating
ayer 171 o ORI AL % PRLE B A WG s T P SRESAELRE 7 AREEAFOMPDS formed
at the centegpitibdivkinteitf ahedsigRaiorawshalreititucidefeayitigt gap brvedn the cirmbily contact
and the anodes 3, During fabrication, a sacrificial layer is then deposited on top_of.the anodes 3 to
form  basc RAGFIEIHNENE P R PROIRai G A Bo DBk PR Eh MR A T o
providing a spaventienthef ltheidiimgriabject. IAssadier anthodinmentt theatiigaial isspetsenhandhe

joned in a manner sufficient to provide hamber
e

face of the circuit chip with de posi
Zbove and ATBECH ST o URE (RO RAREACVEbEn AR BHGYcEt Tt Iy S BRelytc fui

to flominto thet carsbehaendubieprodwaedencecanpatiifbeineeintite abiite tnchdive chtlibdse Multiple
openings may be provided as desired, e.g...in order to.ensuyre that no air gets trapped inside of the
chamber. IEEOBER S, R a5 i L B O G et AT B PR ARET T8 TSI ar
electrolytic fhidityithicthie s bjeictsid atiyg ieair tibseparates the cathode 1 from 30 the circuit chip 5.
Upon contact with Ehe taFrF%{et siteg)itﬁe eleﬁrol tic fluid IWiII enter theachggtéghﬁnrtefgqggrpa%eaopenings
175. The openings RS 9 RS OE Ik ’oﬁ&ogf%ngorrﬁg%wo%r&g EhambE L9 T MakE Sare that no
air gets trapperyinsidall Thieeonitaraticthef Bigh:35 rmegiveer dessalzde smedhtaizénstanceetdior

i when th be an abund f electrolytic fluid i h, th
mptarable G BRNer) LR G AIEh 2 FHHIE MO LoTHBE T ToPaa S arcli the

electrodes, tegs, asustinas iabiei®. 3By doitessp iheludittgrabhoutidiberadsorddssf. haviogrtain

continuous reaction whereas, if it wer en, the fluid may enter and exit the reaction area and cause
the Shatteny 10 CEAT e, e oa<FEE AR o TSNS A R R RRIRI TR 5o

surface coatiagrargesahiabaftarg. flow into and out of the chamber may be employed, as desired. In

certain embodimer\ts,ég%gurfa}ce of a portion of }\heﬁ (%hamber,. i) inrfe igrhﬁegrej igfébgrﬁhamber,
e t

: : I
o n receiving. a. sl rom an’i er o
may be modified to provide Tor o geRtePrtid oW properﬁes. or examplae, surface energy of one

or morisurfacrkert the cigmal ezcaidef uithy dristneayirdude difiedoiomeoei dis timob phws cdddiced flow

i he chamber, F le, the surf A : - b
inorease, sLR B e g e B e Y e S R esh ety
modificationqapabiiits nfagensing erpiypaoginateparampatecutar tpinm:arbachsseh ragy ldeatpenlbl on the
partouar cofpppafiono" e fPYicend e dspled sYIeCR SN pOPIYEs i XUl f one

wishes to increase the 'surface energy of a given surfac rrace may be subjec asma
treatment, contaptesitioithcd Buidacegenenghtediéitatiom sochlasduiittidestatelifpinghdlgymeatsolutions

described in . . Pai..Nos 4 . ,0 21,0, ichiis.Jncorpo erein in
its enti?éty foargzﬁ% %ﬁ?&%ﬁ% ﬁgégﬁagn%gm ggﬁr@:@% r% é%/%(fryi)%pgw ﬁ? %ﬁé)égrﬁé?emm%%j b%{%mvg oyed to
attract and rtheirsigreaé kestedbptichsicphysiviapeahpatberetey . pabidosarisedcsenPICT appieditpn serial

no. PCT/ U%Ré/ %ﬁﬁéePthdé?%%WSé’ﬁaW@%}ésWEEHQFRE‘PQ%SF mer%fi‘@@c?eceive{ may
sense may vary, e.g., 1 or more, 2 or more, 3 or more, 4 or more, 5 or more, 10

or more, etc. The term "biomarker" refers to an anatomic, physiologic,

30  biochemical, or molecular parameter associated with the presence and severity

of specific disease states. Biomarkers are detectable and measurabie by a

variety of methods including physical examination, laboratory assays and medical

imaging. Depending on the particular embodiment, the signal receiver may

accomplish one or more of these sensing functions using the signal receiving
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25In certain embodiments, one or more surfaces of the battery, e.g., interior surfaces of a chamber,
are modified to modulate gas bubble formation and positioning on the surface. For example, activation
of a battery may result in bubble production, e.g., hydrogen gas bubble production. Surface
modification may be employed so that bubbles produced during activation, e.g., on the active 30
cathode, are drawn from the cathode,to (ﬁnothfe{ location e.gi aWﬁﬁfTom the. cathode, outside of the

f [Re FRA

chamber, et%t.eme%eeagooyé'g%l%%‘%% & &e Q%Fﬁﬁ%g% ti(/%CS'XWé]r spgfgggﬁg%rotocol
produced baiiplieationehich ahteasimmieravonenndagt laakidmenathwdmere plistiaot @etisingame
surface of a circuitry sypport element. The abgve descrjption is.in no, way limiting, as other
embodimenfgerwz%e %%{da&%oc@? & Il(?é‘}r%ﬁb%@é‘%loﬁ%%’ﬁ"éﬁa%%%nrs‘wlp‘g nu%%%eorf
embodimentistithet isgasiign epanetpr teatssiy fretqreteateemidoadieast vealepledntbihdheotocol to
produc%a battery source. In certain %ﬁch er;b oglments a dielectric can be dergf)altgrdng')grg circuit

b
chip. A atho§& 9’8?%%{.*?‘1}'&%%‘@% § BP¥top Sf t’ﬁ‘é":ﬁe ST AR an36ECAR be deposited on a

separate supparimeader! T be rmpesestaay then be bonded to the bottom of the circuit chip at which point
the support wafer can be, etched ouchto al{ow ﬁhe anodF surface to come in con%ac% ith the eéectrolytic
| U g f

fluid. As such, ano He?ﬁ%afgbﬁ%% %%hﬁiqtug R N B T aﬁ'l‘:’ng'l‘al the imp an?ébTeoon-chip

usédin
battery is waflechondindhaherovidentablduei-tnmetiatte ryf caiy el mecrifaugusrdiusergsing Wafers, such

as in the embodiment .of FIG..36. The citcuit chip 5 provides the base for the cathode 1.which is
deposited oﬁ’{8B“8 % H]e?é!écfﬁ'8 @.tcf‘ﬁ?scggﬂqgo?ﬁ'ﬁ%eliﬁFsFV\%ﬁEP%b%%ecr%BI? 179> The gé}gc'){/rg%\%\;afer
assembly 1%2nsiby donyiitsed bf astgipoemiaidinigms nithéhelentdded ahe sl genedsited on
the surface of the support wafer 177_.The ano is then bonded. to ircyit chi bulk
support wafglﬁtplcsao@%é?%rg 'Ma%}%x%%%%%haar%%%%%f grgn%rc?e@?'%ﬁ?‘ gr(r%&lrf\t%gp E%eégu ptor wafer
177 that is etelnedawdyris,depgndientdmictic eacias thateadiate sirathfer thechneade achyisafaimication

method can Qe .20useful for the implantakle on-chi t ' ircuitry is ired it can
be placed in'k@ﬁre'ﬁ%‘#BB%rthﬁg{gﬁtﬁe% aiheo &t(eé’é{r)%%%é%%é%% ﬁ%&%ﬁggﬁséﬁsgﬁ g%%\a)eﬁ():an be
altered to swvitcite matticdtomith eambenoskedaiod eiestyevbanpeaovidipgryanbddigeabdisigodfwant

configyrations of the invention. Additional plapar,proces icqte | 50f interest include
thosez scri%?é %mdngﬁ?o@gic%ﬁr;%%ﬁcg i&@i‘?ﬁ%@?%?ggg,i@gﬁ%%gg%iﬁée%wﬁic is herein
incorporatec:bytagfe mmbedOptittaafd? hpsiolibgitglyhkect prailel eiC grétietonvdometic Imatididea to the

identifier com Eogr%rétk%?ssgnbed )r%%%\'t%‘“ﬂi ﬁ%%?-ﬂlglg 1Y §XEQE{E Spgﬂrﬁ%%)gg RE%SQL\I)QR?C'%’ that aids

combined wit physiol Eﬁigéﬂl acceptable carrier componen ., @ composition or
in ingestion ahthateteatifier indietipntievtbahaigbhtifieraatly itresuire sathdaliegesiritof imer@st. By

B CARTARIERRI% AP KBRARRE ek B Y 2 SRRIRSULRY mENRB MG At M

o 20 ’activity of the heart for ..24 hours or other devices. An extended recording period
is useful for observing occasional cardiac arrthymias that are difficult to identify in

shorter time periods.
Another sensing capability that may be accomplished with two electrodes
of the signal receiver employs measuring the impedance between the electrodes.
25 The measured impedance will have some component which is determined by the
trans-thoracic impedance, which relates to respiration. In this manner, the
impedance data can be employed to obtain the respiratory rate of the subject.
The electrodes may aliso be employed as sensors of the fluid state of subject.
Over time, particularly for a heart failure patient on diuretics, fluid status is a very
30 important quantity. The obtained fluid state can be used to titrate medications.
The obtained fluid state can also be used for alerts, because right before people
go into the hospital, their lungs start filling up with fluid, which could be detected
with this system. In addition to measuring fluid status, impedance measurements

could also be used to measure body fat. In certain embodiments, electro-dermal
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Common carriers and excipients, such as corn starch or gelatin, lactose, dextrose, sucrose,
microcrystalline cellulose, kaolin, mannitol, dicalcium phosphate, sodium chloride, and alginic acid are
of interest. Disintegrators commonly used in the formulations of the invention include croscarmellose,
5microcrystalline cellulose, corn starch, sodium starch glycolate and alginic acid. A liquid
composition may com a%ension or solution of the compound or pharmaceutically acceptable

rise a su .
saltin a suit’?&@qmo&%?r%ﬁs) (HSSHEBIRN RhSHEN BVadiAk NG WRBSSoneYEBNLIR™ht such
as polyethylepgiglycol, oils gpwater, withpf suspendirigiiggent, preservplagdsurfactant, yegtirag 10
agent, flavoging or coloring agent. Alternatiyely, a liquid formulation can be prepared from a
reconstituta @%thg?ggfﬁwfé?é QBﬂ%f%Me?d@%BﬁﬁH?gﬁgﬁ%ﬁding agent,
sucrose and a swegteRRintidnde sevastinécdritbre AgditolainpRysicpgRsivBcABHre Gigtifcean be

prepared from a powder containing active ingredient, sucrose and a sweetener. 15A composition in
the form of & EBISPEr PRERFBS RS H%H{fjﬁﬂy'gué%lé;'ﬁﬁ n{ﬁggﬁ’t‘ﬁfal%raﬁigw;g%tiﬁely used

for preparing=safigreaireasitiens, Bxpmalaseafrisieh, caraesdntloiesmgnese sighieaaiesiseich,
lactose, sucrgse, microcrystalline cellulose and binders, f mple, polyvinylpyrrolidpne. The tablet
can also be DTGB S S SOEHIRTRRSIAHE D CEHGE TS B i BPER UL GRHY Y addition,
active compeiayd isarchepioypdlatebinarcproked reiersedinsags trmeapeartailel connpiking a
hydrophilic or hydrophobic_matrix. . . "Contraolled release’, "sustained release”, and similar terms are
et to clonBTESERTRRTD PSS A BTG IR BTN AR S COBBEB from the
deliveryovehintenbangpscelibjaabie tantheaatiiod ablectatgsogersa BoSdyetépdpefrtitoes raiher thae,
dispersed immedijately upon application or injection. Controlled or sustained release may extend for
nours, days B1mbrR AR SREPUARS A M AR n RS R O e B AC e N
compositionzefditiemicpantiokyitiansdhedate of iatdade will HEQeaddda thiectyiokoaktheekdhsdnt

selected and the concentration of the excipient jn the composition. Another 30 determinant of the rate

peavtan i i HC i P ST e e e A

The rate of kyisitdlysigoinlduralstay dieecoinfeitadtiynthatssm pgsitien @frtespayorthbesteigrediche

number of hﬁ%ﬁ%ﬁ bonds in the o%orthgester. (?therf ctors determining the rate of release of an
SHYHIE! i

active ben %séﬁpﬁwar &al @on?ﬂ&%ﬂ%%qn ﬂJdBeBEPH&eGET g,“gci Y of R medium
(either interrrliplistxic roalttadtiSeatestPgtandApniriatibandc 200D PR ties of the active agent in the

iX. itiop, in the f . I b d usi ' lati
prococures, for AR R TSRO R ve i BRG JFGPL R NENREn s T ol

capsule. Altematorely. g. sevhieselithmationall aetigrvyeonizpuptbatedhigixmtdeanlaaneigtbpgbtethylene
glycol can be regaared and filled intlo a%?arg %(?Iatin é:aplgule; ora s(;)ejut{'ﬁn ofr active corsngoutrﬂd in
polyethylené“g%? 81675 %ﬁsﬁ ﬁ&gﬁ% qitte oﬁsf%‘f’ 8>'<an%|$,xﬁ‘(5{}§’ pa iR OF Ao AtEd Coconut oil
can be2preparet) an diiittadedtdy sofinge @ tmespnselsehliialdenbmiean¢han the berfackedddrare
acacia, methylecllulgse, sedim crhegmetiyiceliose: Boiavnvipyriolidons (pavidongl., o
hydroxypropypmethyF-cel?uIose, sucrospe, SBIF N er%ﬁy CRIBSE T ubricants a{ canbe’used
include maghesugii stegrateroityticeeithetatic steéanates astesinc soithailiestbdladetsl@uisesed, oils and
colloidal silicg, dkayoring QoS RISHEN SSRRPPSHA P bR IEReB Y SRV iute
pressure reading is obtained. Alternatively, a sensor having outrigger cuff
25  configuration, e.g., in which the sensor cuffed around the vessel (such as an
artery) is employed. Strain gauges are presented in certain embodiments to
measure pressure deflections, which are then attached to the signal receiver. In
another embodiment, strain gauges are used to detect uterine contractions. Such
embodiments find use in a variety of different applications, such as the monitoring
30  of high-risk pregnancies.
The signal receivers may also include analyte detection sensors. For
example, specific chemical sensors may be incorporated into the signal receivers
to detect the presence of various agents, e.g., glucose, BNP (B-type Natriuretic

peptide, which is associated with cardiac disease), etc. In certain embodiments,
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or the like can also be used. Additionally, it may be desirable to add a coloring agent to make the
dosage form more attractive in appearance or to help identify the product. Other components
suitable for use in the formulations of the present 20 invention can be found in Remington's
Pharmaceutical Sciences, Mace Publishing Company, Philadelphia, Pa., 17th ed. (1985). Optional
Active Agent.In cerlain embodiments, the ingestible e\éTélt%ark r does not include a_2

y

5
pharmaceufiEHVEN ORI IMRedabre Fe T ATRRTRIRY SRS SNERL SFNASR (St make
up the ingegiivlefexemdimarke ihdm nokingndeanipcivfetlage changdniy ehetizsarednbytianeritss the

ingestible event marker.includes gn active agent. By "active agent/carrier component" is meant a
compositiorﬁ'%ﬁ hrﬁ?z%’/"ﬁé f%’%%%ﬁda& fﬂﬂ%?{i?g Jﬁ&?ﬁhj‘%%%ﬂ% ﬁ%ﬁ?&fm&%&ﬁ‘é 1(':rf&ent, e.g.,
a dosage, pshapehincanitsncaetigicetyintheptipiaicasteivarie activaragenticdifierecdrazysent may

be referred to as a "dosage formulation." "Active agent" includes any compound or mixture of
compoénds%ﬁigﬁ CQSSE%WS%E?Q%QH%%%E %?Z%H‘(?«l%&%@%%éﬂﬁ’%éaﬁ? u‘ﬁ’gj}?)%dﬁtact with
a living orgasesmestie fotanmanisoob aaatbumaetduttivaadentsrovizldistwheishttiiBesfienarsuch
components as vehicles, catriers, dilyepts, lubricants, binders and other formulating, aids, and
Tatet el REr g o AS B enal baSrhe MURHSE R MED e A EhEhSS

encapsulatit'?gO e f%% P88V ?n%%%% P@SPRE QURE g}eﬁt%ay 3%?1y @ u?eq as well as
binding portihe prépla@rscosilatiicefethatas paymhticsf ofothdatelly wihithoagiedhprocesasaradiving
subject. In certaiBembodémgnts, i-ue activeI a%ent mﬁy be $ sutéestaq %used ir\ the diaeqno 'sa
treatment, Olpp$g A& BPE'AIs! %‘eao?rggla 8%8 e(m(t) & A Sh S G R ¥R b ot iments, the
active Iagenhmaybber@ chepesaltsisbstaployesl) cinasedardricati coc higtu biebigenit vidhickeafentd the
central nervqus 1Q system and cause anges in behavior, The active aqgent (i.e,, druq).is
capable of ifgt%f’ae in %ﬁ%aafgr%qwgﬁiﬁﬁ%%%cwhﬁe a{(ragté F’neé%/ e g%%% igéo?f [ éjlrg)rﬁ types of
[latur?IIySOC(tr? :tmg wmsmurgauwhgr_a tar?]agae%fﬁlnﬂgagesbmwldm’mmtlmlimmt?huﬁnhndim&rﬂsemIar
argets. Such targets may be proteins, phospholipids, hucleic acids 15 and the like, whe teins are
of particular%?i‘?%g‘i.\é%%% i€ %r% éﬁﬁagg%%&%?r%g { c%{%]rﬁrer%rsqqﬁgﬁ ,%?thconlﬁrﬁ?ﬁa\l%&%ﬁeﬁi%mes,
g.g., k_inafsesnlphan@hatgs_egzronteduamm,dyommmgteame?qﬂmtedses and the like, targets comprising
omains involved ip protein-pyotein interactions, such as the 51-12, SH3, PTB PD ins,
structulr I proteins,ge%.?%f&ir%tﬁﬁﬁﬂ Seﬁ%& r‘%‘&%é%ain%”%é%t%é,?rrﬁﬁ%dné‘éég‘l%?r%,'%’%8.%5, cell
adhesion redestoiseduichths ifatigvinsg etpplicatichanbye st tlaastreenieasfetbenpesntars afgiien factors,

signaling proteins, and the like. =, The active agent (i.e...dru ay j ne re fupgtional
groups nece%rfgr?/h%r%?&f?: al%r]anlhteura%tigﬁ% 'Plgth%pt%(rlggﬂoer?g%égr?oaﬁp@%%%ggséa Bf%[rgﬁgﬁy r%phobic,
hydrophilic, 2E®tk380R br eifien coVliethittefandiorSy sdependioy diehégrintcuarddrigeaihils

necossary 151 TEONIAT it ARSI prote b BB g b a s TSt 28rophobic

interaclibns,286600568RANtEadtioib]attndandnthy Apgladatas |cBet aiasiae AaiiddioBOshiTbydryl,

carbonyl, hygyoxyl,ar Sarboxd JrRrnafCch ABRIEASHh WA NepcT/US2005/046815  titled:
"Implantabie Addressable Segmented Electrodes™; U.S. Patent Application Nc.
11/324,196 titled " Implantable Accelerometer-Based Cardiac Wall Position
Detector”; U.S. Patent Application No. 10/764,429, entitted "Method and

25 Apparatus for Enhancing Cardiac Pacing,” U.S. Patent Application No.
10/764,127, entitied “Methods and Systems for Measuring Cardiac Parameters,”

U.S. Patent Appilication No.10/764,125, entitled "Method and System for Remote
Hemodynamic Monitoring”; International Application No. PCT/ US2005/046815
titled: "Implantable Hermetically Sealed Structures”; U.S. Application No.

30 11/368,258 titied: "Fiberoptic Tissue Motion Sensor”; international Appiication No.
PCT/US2004/041430 titled: "implantable Pressure Sensors”; U.S. Patent
Application No. 11/248 152 entitied “Implantable Doppler Tomography System,”
and claiming priority to: U.S. Provisional Patent Application No. 60/617,618;
International Application Serial No. PCT/USUS05/39535 titled "Cardiac Motion
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functional chemical groups. Drugs of interest may include cyclical carbon or heterocyclic structures
and/or aromatic or polyaromatic structures substituted with one or more of the above functional

groups. Also of interest as drug moieties are structures found among biomolecules, including peptides,
saccharides, fatty acids, steroids, purines, pyrimidines, derivatives, structural analogs or combinations

thereof. Such compounds may be screened tq identify those, of interest, where a variet djff t
screening p BE%%%@EHB\%'Y i “?é”a&.aé‘?ﬁ%‘la tﬁ?gﬁgaeqﬁiﬁ%@%@ &éﬁ&é‘&‘?FBﬂé%ﬁ%@’%iﬁ?mng

or syntheticeiairsowydrdietanay herebiained from a wide variety of sources, including libraries of
synthetic or natural. compounds. For examEIe, numerqus meaniare availﬁ% for random and directed

synthesis of a wid VAtER S N&gﬁﬁﬁ'e fedR'pdmsed [ESENE (14 gﬁ’é‘?&f of
randomizedatOaflgaorHeerlitesardoligapeptideminlitd maive kriinsdinerat ntterabasomainds in the
form of bacterial, fungal, plant and animal gxtracts are ayvailable or readily produced. Additipnally,
natural r s%?ﬁr&ﬁ:% sﬁ%%‘?fc@ﬁ iBrBﬁgsofFf&'&W RS %5%9#%&%’@@&8@&%33& Entional
chemical, paysipgeandibinehericabmests santhseaybiheseabieqtroTiieereoeenatnsialflittasies.
clch s acy BUHEAGHIE, CoRUANE R 2 RSBl AD hob e IR P SAUBLEC A
such, the adjivetrgbotinay the chibjeed fnapibriableidestralypeitayrung. of ey mbromolecules,
Civersity comBIGHAES R e S ETHAT IR SHEA ARG e CHA HloIGs ERIBICy L wil have
demonstratedetitae sedicabihpsicalydatasaciprapriate sereemiagagadydoraiee hidddhoxygerbinatorial
e L R
5,541,061; Q&0 eEitmba}REPam data, electroencephaiogram data, respiration rate data,
perspiration data, body temperature data, activity, motion, electrode impedance,
and the like. In addition, the component includes the ability to receive a signal
15 from an intermal device, e.g., the identifier of an IEM. The transmit/receive
electrodes of each autonomous sensor unit are adapted to transmit the acquired
sensor data into the body of the subject, so that these sensor data are
transmitted via the skin and/or other body tissues of the subject to a central
transmitting and receiving unit. Other signais, such as monitoring signals and
20  poliing signais can be transmitted from the central transmitting and receiving unit
through the body tissues of the subject to the sensor unit, where these signals
are picked up by the transmit/receive electrodes of the respective sensor unit.
The basic system according to the invention, comprising sensor units, a
body transceiver, and a data recorder or data logger, allows the data to be
25  recorded in electronic memory cards, or on magnetic data carriers, or the like, or
to be downloaded through an appropriate interface into a computer such as a
personal computer or an onboard computer system, for carrying out further
processing or evaluation. The data transmission from the body transceiver to the
data logger or data recorder is carried out by telemetry, for example by a radio
30 link, whereby the transmission range is limited to a few meters, for exampie less
than 10 meters. The portable data logger itself can be worn on a belt or in a
pocket of the clothing of the subject, for example.
The sensors integrated into the present inventive system are

predominantly sensors for measuring the medical or physical conditions of the
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5,525,735; 5,698,673; 5,574,656, 5,463,564, 5,688,997; 5,571,698; 5,440,016; 5,688,696; 5,565,324
5,438,119; 5,684,711, 5,549,974, 5,223,409, the disclosures of which are herein incorporated by
reference. Broad categories of active agents of interest include, but are not limited to: 30
cardiovascular agents; pain-relief agents, e.g., analgesics, anesthetics, anti-inflammatory agents, etc.;

nerve-acting agents; chemotherapeutic (e.g., antineoplastic) agents; etc. PERSONAL SIGNAL
RECEIVER&UDject, for exampie measuring parameters such as the body temperature, the

EKG, the pulse, the blood oxygen saturation, and/or the skin conductivity, of the

subject. Nonetheiess, additional so-called environmental sensors can also be

combined into the inventive system, for example sensors adapted to measure the

5 prevailing ambient air quality such as the oxygen content, the surrounding

ambient temperature, and/or the respective location of the sensor by means of a

global positioning system (GPS) or the like. Thus, the sensor data transmitted or

exchanged via the skin or other body tissues of the subject are not limited to the

data relating to the medical or physical condition of the subject, but instead can

10 also provide information regarding the surroundings of the subject. All of these

different types of data are received, processed, and retransmitted by the body

transceiver. Alternatively, the various data streams of interest may be fused or
correlated/processed at a remote location, e.g., a network.

In certain embodiments, the signal receiver (i.e., signal detection

15 component) is an implantable component. By implantable is meant that the signal

receiver is designed, i.e., configured, for implantation into a subject, e.g., on a

semi-permanent or permanent basis. In these embodiments, the signal receiver

IS /n vivo during use. By implantable is meant that the receivers are configured to

maintain functionality when present in a physiological environment, including a

20 high salt, high humidity environment found inside of a body, for 2 or more days,

such as about 1 week or longer, about 4 weeks or longer, about 6 months or

longer, about 1 year or longer, e.g., about 5 years or longer. In cerain

embodiments, the implantable circuits are configured to maintain functionality

when implanted at a physiological site for a period ranging from about 1 to about

3]
L

80 years or longer, such as from about 5 to about 70 years or ionger, and
including for a period ranging from about 10 to about 50 years or longer.

For implantable embodiments, the signal receiver may have any
convenient shape, including but not limited to: capsule-shaped, disc-shaped, etc.
The signal receiver may be configured {o be placed in a number of different
30 locations, e.g., the abdomen, small of the back, shoulder (e.g., where implantable
pulse generators are placed) etc.

The implantabie receivers of the invention generally include a power
source. In certain embodiments, the power source of the receiver is a

rechargeable battery. The power source may have a natural life of 2 weeks, and
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As reviewed above, in addition to the IEM, the systems of the invention include signal receivers
configured to receive a signal from the identifier of the IEM, i.e., to receive a signal emitted by the IEM
upon contact of the IEM with the target physiological site following ingestion of the IEM. The signal
receiver may vary significantly depending on the nature of the signal that is generated by the signal
generation element, e.g., as reviewed below. As such, the signal receiver may be configyred to
receive a vARERPEFTHOR RSl LS HEIBirE R AGE it to- SR B s RGN BBe signas
conductive @switdely) rignalgirgoustiesiginglentiodinreingicaiedsimereddineeririp eabodiments,
the receiver Ls configuredﬁéo receive a;{igrb%conductively from another component. e.g., the identifier
of an IEM, dhal §aPwe" odH{)‘ﬁ’ﬂ)b’ﬁg e%@%lody of the patient as a communication medium. As

such. the signal thi igdrerisfereaheieasdeaitent thed Bidmaldréterancives tsteds sloaggh the
body, and requires the body as the conduction medium, The 15 identifier emitted signal be
ARG R S P M R e e
of electrical @digigrating Getresihe. corvbbagasignalhthairpreride cidgriirotateirer badyytisslies. As a
result, such embodiments do not require an aijdii al cable or hard wire.connection, or even a radio
ik omec TN AR IR SEFCDR JHIE AR E RSB o Ao E LR S R SR S Lot
transmitting andatéseiviitg Wit and mther phpxiciogiisi afdhe@ystemesintestiizseasanalatoeate directly
exchanged via the skin and other body tissues of the subject. This communication protocol has the
ivantage (RIS R A0 e B BR TR B CErip o AU SRR BO By ot th
subjectpwhersiglcibestrdeivirsdiiedutiznatioallp2 neendéstiedttpiaisiqyited eleatidesl egductor for
achieving the signaj . transmission, i.e.. the signal trangmission is carried out through the electrical
conductor IRTRBADS (REQulh AUy (€200 e LR BRI R et ELBIR FRe
sensing elegtien(fecila@ont aire maty linaitedatplliraptgtisieepudss ayamsratene(@gdidCbejed
throughout the body and.communicating,30 ir ?ach other via thi§ body conductive medium protocol.
Such 2 body UL TR L AEMAES o R MR8 JoRRY B 2R/ 2nElGe that the transmitting power
required therefore Kkspdotsnefytsmativé hinavinicis diee rgessratiohhat ihtavee rah deaist therebzdtacal

operatign of gther devices,.and also helps to prevent the unintended interception or tapping and
chrveilanoe DPUTR Loty R A e g BRI R RR (e 3 SURmERBHES &dfftonaly
advantageoetefiraids\dand thepgearojenersiter alenoainrieg, eapieattdiy jnvapoictiiersattanng a
limited power supply. The signal recejver is confiqured to receive,a signal from an jdentification 5
clomen of MRS TSR g ok eS8 AP L B AR Hiab AR BB o i emited
from an idengifieeofgeniEifion edetaientnbacbmantedthe signahdetpoticar coirgleoselnt fsaoneahat is
activated upo)r(1t dretaelc\t‘i)orét?gna signal emitted from an identifier. In certain embodiments, the signal
receiver is cgpe?ope ot (I.e., configured to) simultaneously detecting multiple pharma-informatics
10enabied composkitditipeal.e@memisré)d araypdre présamnoréhetsignal Teestvgnah chodtydrunay
include a vaety of iffscery vRes olsignaldgcelver elementsuhers s Dare LB sGRlrer
element necessarily varies depending on the nature ofthe signal produce e signal generation
element. In egstiden bedivhemskéne siggalaieraivanitiay iegudosending e sgeaiciies B€e.g., 2or
more electrod r.m lectraodes, in¢l .multip Q2.0 rmore,4 q re pairs of
electrodes, g@ﬁﬁﬁﬁ%ﬁ&%?ﬂ% s%'ng eér{#%ﬁe:#%%%f e’s%gr’%f %e%ntg%gégg}%%ngengt. ?r'gc‘:’eg aring té?ﬁ%bidiments,
the receiver dizt ceegalidiegp eo vesteiveit hsigiood | autvsiais gica lapa wispiesedaia a nisthoake recgria

distancg thag, allows th tect a differential yolt Fhig distance Y, and in
certair?' Pgm bé(%{r%’;%?[% ’r%r%%%ﬁ%‘ié%a%)%% 21 %%%Sosugt%ggér# ét?c%‘ngg;sﬁ?r?r% %tt%}o&lﬁ]t %%%t%é/z%o%%%% cm,
e.g., about lasmedriptrhin sgnsddinmeatsnpdffastelpatropedssaasaoneagt viith cooadétatiogllgrepnductive
body element b is.in.; ith.an electrically insulative body
element rel.erl%it\‘/g1 tgor%é%ﬂf%ra uthlgvﬁetsbﬁoﬁd%/ﬂg[gérﬁggg%%ﬁég%%ﬁé%ﬁ%%m). In an 25 alternative
embodiment, a recéispectamt ofiliroplardaijie eletiote isfertipdoysignal ceatsiivempaliirhawes, he signal
detection co ' 0 e,coils f tecti ' iite '

generation e@l@n%g?ﬁlr&] c%%&eﬁ%gﬁﬁéﬁg ’tﬁ%’%s%rn%ﬁ%%t%%?i%% ?%@%r%f ié]j f}/ﬁsegf 5@2%0&&
detectidh elowhétit fopdidteitingy siunal primadybyehessigeahgeneadtientaiarntoaretdinat is

30emb0dim%%%e?éﬁtiﬂl/eiﬁggécgs@ﬁ%m%ﬁ? % ’aaécgﬁw%%dsefaﬂ%i?)r@é&@é?% ralso have

circuitry that includes a demodulator to decode the transmitted signal, some
storage to record events, a clock, and a way to fransmit outside the body. The
clock and transmit functionality may, in certain embodiments, be omitted. The
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for example to increase detection probability of the signal. The signal receivers of interest include
both external and implantable signal receivers. In external embodiments, the signal receiver is ex vivo,
by which is meant that the receiver is present outside of the body during use. Where the receiver is
implanted, the signal receiver is in vivo. The signal receiver is configured to be stably associated with
the body, e.g., either in vivo oy ex viv |least during the time that if receives the emitted signal from
the IEM. In 8?8’3&«53?% S ‘?r@@eBEﬂ' tRE %%%f%'ry n;@ éao ei{ Ao (fc} or Mr?r?m[?ﬂl'g' relative
to the patiefddat ddticlstthrageate aondigersd!tdapestimddaridambodiments of the signal receiver

include ones that sized to be stably associated with a living spbject in.a manner t not
substantially impaiﬁﬁﬁog%mgﬂﬁﬁ? e%mg%%rj‘gct%&g%ueﬁese%rﬁ ojatl]r%nPseth%Hgigé%H?é(Sé%\%Zr have
dimensionsdbatocdiianenyrfigededitd dambjdctatitieasgnbliemitied Hjoon, thél ite mifteraoithehe
subject to experience to move..In tihesg embod{'lmgnts,I e r%%gl\éﬁ{ IS

ny djfference in jts abilit .
dimensionel gﬂqngﬁ@g Sdoe%nr?%}l% de haerrggltﬁ%y g‘f\‘?he suBJrBEtO o pchysica ly move. In
certain embedibtitsetits, sfundkeraceiviate ciandeinovifiguretdsnissienadesiydan diadizadowhéoe the
signal receiver has a small size, in certain, 15 embodiments the si receiver QCcupi ume of
space of abaﬁ?'éreiﬁss’gpés ? %@W%é}g 0|8¥V§ %\rlneg%gpeagsﬁ\r’w% uﬁ?r?éﬁ%ég%?éﬁgmﬁr'éﬁﬁcﬁﬁ J[certain
embodimentsigee desitgd dusctisihalityief thepsigvizcheceiveruisiashiessd (oith gasveschbrgeable
battery. In addition.to recejving a signal from an.identifier of an ingestible eyen r e signal
receiver ma?rﬂhﬂgémﬁmuégeo &G 2?%”512}|ﬁ%¥0&13(/}se|8?ogelcra Spé%;lsfﬁrée gtrj s‘é‘gnséln%)oza{t}t‘)kﬁlitlg n%%/
physioldgicalpiztameter medsiageabiliting binant aagaishitit deyinsitRSH)y sibhegwghphcaneter or
biomarker, such as, but not limited to: heart rate, respiration-fate, : re.p, ical
compositior?li?ﬂ}c?, é%@%én%@tee%g?é%ﬁoﬁ |¢1’a% 8%%?%8% S@@%ﬁ)&ﬁ%ﬁ%ﬁé g%?:\%g%@o eter
motion dataafpGidindresyerbac releoweyrdeghtttuetto Wer€ tsdasighetpeceitmithds piyiglogical

parameter oL Bigmarker sensing canadlliye.ImReL ol distiogh Raramtess anhiamakegaiihat the
signal receiver may sénse may vary, e.g., L or more, 2 of more,” 3 or more, 4 or more, 5 of more, 10 or
more, etc. Therteoin (SEG) abkeck reféretA$Camdtomicaphgsisityloe3thpicirengrest, beausieey ar
parameter associated with the pres a ver| pecific, di th'l%lﬁ e
detecthle a%%nrﬁgggﬂg I?gt g@@%ﬁé@%ﬁﬁ%dﬁé&ﬂﬁhﬁiﬁ 'E)%ys?c?f?seg}g% éa%ion, %écﬁ%i@ assays
and medicalth?a;jg'rgﬂ Ihapgimjingedptmaqjgsﬁdﬂtar%meMMQﬁ-ﬁ@QigM r@@@iu@ﬁoﬁdyl &ttbafgplishf
one or more of the Juncti usi S I mant,.a: in es o
the receiver‘?czi‘rE gig()ﬁﬁrge%iq\zﬁﬁ%@hdﬁﬁs%ég éggﬁctﬁ?ﬁ%?%%g%igﬁrﬂ?ﬂeg:g@grsﬁz{aay\%gﬁ%ﬁ %ne or
more distincp‘sémsiirg:erleim@migmlanhn‘muﬁﬁeyeanﬁdﬂﬂhﬁ émmec@nmgi@mhéjﬁuwmrﬁwer of
very, ana S e a B B L e U ot
embodifhentse ties g 40 momnalizin thalsigbalgrarer to moreeateromaditatysroitistapaeaMunctions
of signal recgjving.a 1sing.. Far le, J It Vi i ro n also
serve additi(ﬁfll}gﬁj% SBegnzalednJ?%%%tig%%%ﬁéﬁ all!ﬁe:r%%g |Im%ﬁ@%ﬁr:%f3§§r?é}g§ grgéﬁg%d Fzg%.g%erate

electrocardisgriediaent toe Mm@amamdmgm melbelyiragivet e BeHRiY e.g., to
e BRI e e g eaenet,

change or sigréféeatt For example, if the signal to noise ratio (SNR) is sufficient, the sampiing
25  rate can be maintained at a low value. If the SNR decreases below a set
threshold during the decoding process, the sampling rate can be increased. In
this manner, the sampling rate can be kept as low as possible without
compromising the accuracy of the recovered signal. By actively adjusting the
sampling rate to be as low as possible, the algorithm saves power. Further
30  aspects of such in-vivo transmission decoders are provided in pending United
States Provisional Application Serial No. 60/866,581 titied "In-Vivo Transmission
Decoder,” the disclosure of which application is herein incorporated by reference.
in certain embodiments, the components or functional biocks of the

present receivers are present on integrated circuits, where the integrated circuits
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15 abnormality in the heart rate or rhythm is detected. This data is also helpful in certain embodiments
for monitoring heart rate in patients who do not have pacemakers (e.g., monitoring heart rate in
patients with anorexia nervosa) or as an alternative to patients who might normally require a Holter
monitor or a Cardiac Event Monitor, portable devices for continuously monitoring the electrical 20

activity of the heart for 24 hours or other devices. An extended recordin %e%(r)iod is useful for observing
occasional S3FHAE FrRYmER 1R diRFaRfiPESIRNA iRIORKShokRer t|ﬁ‘%éH d¥Yithin AR o8& Sensing

capability thedgurgDeACRABPIEHIRE Wbith /¢ ete@resiemeténeuporAldRCRI¥RICARAPIAY SoMeseuring the
impedance %?Ptvf‘\r/ﬁee@he electrodes. 25 The measured impedance will have some component which is

determined RIRREP RN RE IR REN iR P e B HALBR B T HRE S ERRRERY

impedance gmrigigantegramgleieditahiatinthe sgisatroLitiotilrestieaiclilirelanterdas may
also be emploﬁéed as ?ensors of the fluid state of ubj%c%l. QOver time, particularly for a heart failure

patient dn dRIFSHES AT SRR iDIPGERy IDSimpHtan amﬁﬂ‘?ﬁ%dot%%td i@ @RI used to

titratE;] mﬁdiqat'é}:n&atadlle@m@ine(@ﬁ?id m@tercﬁaﬂsalgq,br?mr?wa%?ﬁatﬁjm@g%ehg?]bbhefwmpe0ple go
into the hospital, their lungs start filling up with, fluid, which could be detected with this system. In
addition to rRATRHIEE 10 QLA &S AcR IREINTIFER S1REEONIG SHEHbAMAER FaNdAS R body fat.

In certain ersbatlivedisteleduvidesnahg espsinsad seassivethedhnsussing)oftiueh fiagndhatthe
website having an adress made up of "http://" placed before i ,
“outier cc TR OB G RH6 2 21 i S RGP IR HATDIERn SuelRE MARTRLERR, one o
more gdditianfgraysibioaiaitssheataidiginbolifremtthefelasippdesnniay deticerasdoe Wgbatgnal
receiver. For example, a temperature, sensor, e.g.,.a thermistor, may be included in the signal receiver.
A tenativel) TECIEITE R 1 GHE (EVORI B0 nBE T ot AT RS BE EtmeRbyodtt
obtain precigedingRgiiresreitionaiictorasatices, Aothel e edisrentoainipenesits avhvptansalle fertility
monitor which coulcicome fro!r;rhlo monitoring a subject's temperature, such as core body temperature,
[

over time, aﬁHlﬁSH@ 580 YO fﬁﬂ%ith additional sensed phsyiological parameters. An additional
physiological sens@i@ay3nsipdeemnd EEhanthtiqolupnsiedtatiombingduntianaiiskokidiateanvhich

b loyed ¢t lood tion, whjch Isp_give inf fi t
prossLit, ARHONUNG 18 GEETRA) o o SRR LGyl o orEBirt R RE S o .
Published Uaitdcs&tatas Slattridesplgading &lo( P0E10R28888ctivelly) adbithrarensepaiaridpf the

i I i incl .g., wh the si | i is implanted 1
ery 1o e TR oy AN ST UR A B ADIF T AL FECENE AN, JROSTRE by OIS pody is
obtained by gutinghapnesisioensatisiti e atdach sinenom teaticufacerad tisitisignhe ceivemdeonexample,

a membrane on the side gf.the sjgnal receiver is brought in_proximity t 't[%)er an artery or a yein, so
that as the arngyyv&%e%nﬁ &Hs?ﬁé{ ‘6‘ne{?€‘§ ?) 8’9&5\% 5%&%8?&\%% é%%ﬁ&@r% gﬁ%ﬁéo?ﬁwaﬁ%ésolute
pressure readingdsokitained. Alteraativiely, 5 sensaghaastngioutrigger AnibRbecotBigistms, thay., in
which the sepsor cuffed around the vessel %u h as an.arte é&ise ployed., Strain gauges are
presented inéligr giﬁ@m 'SHFFQeaﬁ{é’ B ?Irﬁgagu 8{:E)Or§§§urrtﬁ ef? %%tﬁg] Wﬁﬁ#ﬁ? %gﬂ%ﬁtﬂﬁﬁe%'?o the
signal receivmoduiatbetémbizdirseorsicamaaoged Site stee tiheeleciadelaedcdateactvnsk Such
embodimentyfind iae i avaeiphdlisient splicaions, sush.as e motorag 200k high sk
pregnancies. e signal recelvers may also include analyte ‘detection sehsors. For example,
specific chefiggN€orisams feraydataificarptiratetemoryheusigpn dhecediseraltredeteet thetpshsamje of
various agenifefds Uese, B (ivee NAUHRICRSRLIE IEL Fgagaietindh saiee
diseasg), etc. In certain embodiments,

embodiment depicted, ailso present is a microprocessor 18, which coordinates

the function between all these blocks. Finally, a coil 19 wound around the

perimeter provides for RF transmission out. As summarized above, all of the

different functional biocks shown in the embodiment of FIG. 13 could be on the

30 same integrated circuit.
An alternative embodiment is depicted in FIG. 14. In FIG. 14, the main
portion of the receiver 20 includes all of the functionalities listed above (not

shown) and ep (21). Also shown is e; which is at the end of wire 23. This
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electively porous impedance cells are employed, where the oxygen changes the pH of a cell, and then
the conductivity of that change is measured. Where the signal receiver includes an analyte detecting
sensing element, this sensing element can be configured in the signal receiver in a number of different
ways. 5 For example, a sensor that includes a selectively permeable membrane which is permeable to
the agent one wants o detect may pe prqvided, where there is an isolated cell behind it, and the agent
passes throﬁﬂ#ﬁ’l‘ér %B?%%E%%?%h%&%@?ﬂ#e P %&?mﬁ%ﬁ‘lye&g&aic% 5?0%%%%53,‘?‘0?@@ cell,
which are theffestRastaedivir eerdajetanihpdiresitise assrall stsenfdinerstwvad@f the signal receiver
with a 10 membrane across it is employed, and electrical circuitry behind it.is measured. Also of
interest are Cheml’ﬁ:sT E%Yigg'r%gswﬂrpc%vg;e *Eas%ed%rlpthgrﬂh Haecﬁtgnéme %(')g%aéfesé %%F%%u'sslng a
change in thehgsieigtiviiyplaccrtaimedibadoarids, a.gateieddyivdsielelestrioal ip ope ies e other
properties) are changed when the material, e.g., protein analyte, bipds to it are employed. 15Sensors
of interest f tﬂgﬁiﬁmﬁ%‘? R %%Q?ﬁ?ﬁﬁe!:i‘tg}lf#b%@éﬁ@&é%%s [Pl%el%qé m@¥;ﬁ§%%8n§p8ﬁcations
by at least s of the.inventorswbtbethrescot appieafmir: bl Sndate bt drpplwatjcabiot 10/784490
published as 20040193 titled: "Method And. System FEqr Monitoring And Treating Hemodynamic
Parameters /8. i}%‘?&g?‘kp%ﬁé%%% NG 1 }Eqi'é‘%dg‘}ﬁﬁ87%%'é’éqa%e£‘§%oe‘!§b%’§5%%etiﬁ%’&§° ethods
And Apparatnay-dreTiasye sertamtian Antdivkinitochgiingtentsgonafekpaliciticabhiee. FIG. 15
PCT/U520051046815 titled: "Implantable Addressable Se nied Electrodes”; U.S. .Paten
Application ﬂ%?"i%?zﬁ,ﬁ%"ﬁﬁ%ﬁg‘%ﬁ%|8?1t%b%9ﬂ\%§cé?e°r ‘qugﬂrﬁ- a'éq'eaoég{ |5%a\/\7§ﬁﬁg(s:l E|fceYn¥E)>retector";
U.S. Patent dgeplicationitdaniOéna/tifingntitletidd/etinditiand IRSFABpaG tosdeivEnbarotigdeardiac
Pacing," U.S. Patent Application No. 10/764,127. entitled "Metho nd Systems,f e ing
Carcint ParEiRR AR CLIBRT AR, K TR 5 s Mo o s

Remote HeraadymaeroiViifféozintgdie hsers anchtl kpfireattay e, RETrAdI2006H M8 1issetedr

"Implantable Hermetically Sealed Structures”; U, licati 0 9 "Fi piig Tissue
Motion Senig"ra; Ir?{eﬁ@[l%'dn/aqs,&pBﬁ?gé{%noRlz.éaf’:%é%%o%%@?f’}%%té#ﬁﬁp an?£¢§%$e§§0re
Sensors"; UiSmatantiepsdinato b4 positi@4ed152 reattade’ the lteraiseaDop pdé isiondogragtingSy stem, "

and claiming,priqrity to: U.S. Prqvisional Patept Applicati . 7,618, Int ional lication
Serial No. P l&gé ’0%%%%? OEH[Sd a%ésré%ag %/Ié)gt’%ﬁ t%%?rg&gte?@éa%%our{%y%rgé@z% e. These
applications terapecahmerasethée thkEickeodestbBy peftones Hereneasur©frioteeastin cbnalevant
embodiments_is.a sigpal receiver that may. be vi an aut 0 nsQr unit,. in of
these embo&ﬁn%%lr?t%, he %gns%onrcfmsl '{'}Hc%)éﬁgs é?é\é?w%grg gncfa; pc;ﬂﬁg; t%lgﬂ%%nitﬁééjei\gglﬂfggt{ﬁes that
are adaptedetebtfcaieang@iyobeheisgi&Wsﬁa&gmmtﬁmetﬁcﬂh@aﬁcaveSﬁwéutﬂﬁér
include a Ce@i&%ér%{;s%‘t' HE‘:{%P‘e“‘f's%&éﬁ?%ﬁi”&&’é}t%%s SYABISHL e ?[(Eﬂﬂ&esd f\):vr%ﬂgei RRgheor the
subject, anda por?aele ata recording unit. The autonomous sensor units are adapted to acquire
sensor2data érgm tterdsndyrofioeesulsjelerding., fumedicalcied/chgparsital dﬁ@@ﬂ&h &eomends. more of
Pulse rate, DIARRLOASCO0 0l blantlcest 50! ofRLPIgnc! GRmeasop dai Rlghehpressure

data, electrocardiogram data, eléctroencephalogram data, respiration rate data, perspiration data,
body temper@esial dbes acBRGl/UB2085/etdabstdittagde detbpdadand likeparaldgititn, thessmponent

includes theﬂ‘a‘mftfé?ﬁ%gwed ﬁnﬁ%ﬁiféwﬂ@@ RIRRISY IS5 889 ﬂ’%?ﬁwgﬁ%]ﬁfhhcﬂ“ﬁ The
transmit/receive electrodes of each atitonomous sensor unit are adapfed to fransmit the acquired
sensor data fitiectHénplaytabise AdtjessabiehSegreeatednEdealrndese Madsantibesaimberskih and/or

other bacly 5548 M8 SURISGIE BRI IRIYTULGN SRELPLRENEIE L AIBFEIOBR etieh a5
monitoring signals and 5 polling signals can be transiitted from the central transmitting and receiving
unit through appliatiptisseeis @ heve isubewporgiedbdeiensinashdrnthessihalshrelpiirasteup by
the transmit/é%g%ix.ﬁjﬁéescltﬁ% %eoélglﬁbﬁeﬁﬁ%ggecﬁ?ﬂ\%%%‘n ledfe basic system according to the

i its, a body A d :

invention, comprising sensaor units transceiver, an ata recorder or data logger, allows the
data to be 25 recortiedhe etethastimoent rabpyveaitisFe oft fndiise i da@css feps) dnthdanaiver to be

downloaded J3pHARGNABMAANEBANILEACH I GLRVBRUB! U ARARRIGEPARIMRALRE Qren

onboard computer system, for carrying out further proCessing or evaluation. The data transmission

from th&dbodyrieagsiced/er td iprdd ieariginie: dxgatetditie DiOedrRESSSUIDY RAVPBEN! featBample
oy @ radio SG{MgCreRCIAP aERSIREGRNIBARITAE AR R T8 BRIGRsKNIARAMRIIRRY (han 10

meters. The portabl€ data logger itself can be worn on a belt or in a pocket of the clothing of the
subject, for es@miplience. The obtained data is stored in the receiver. Embodiments of this
configuration may be employed as an early heart failure diagnostic tool. This

configuration may be put into a subject before they got very sick from heart
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The sensors integrated into the present inventive system are predominantly sensors for measuring the
medical or physical conditions of the subject, for example measuring parameters such as the body
temperature, the EKG, the pulse, the blood oxygen saturation, and/or the skin conductivity, of the
subject. Nonetheless, additional so-called environmental sensors can also be combined into the
inventive system, for example sensors adapted to measure the 5 prevailin%ambient air quality such as

the oxygen CltEht WD Sh§o8RAlng, SHNERT Rgn e RurRSE N/ G REDH ABERR IBeREEBINGe sensor
by means ofpieebal nasteRninw/REFesaREOAT erdle. Ehusqieaenper esiailansnalitaskor

exchanged via the %tin or other body tissues of the subject are not limited to the data relating to the

medical or JRPASAENERiANATRITIGRIE:, BHiSHsIERPEAR 1 MSH prodidhsior Ry rdh&rding the
surroundingstihiiiatirghisstilies teeso ittt rypratelsiRmgIpsassivRStHy pesesad, and

retransmitted by thi body transceiver. Alternatively, the various data streams of interest may be fused

or correlated/proceS88dS8 A FRERVRICZREN PE. &, SORMRRBRNY PEAR I BIAR IR ARY 88 ERnal
receiver (i.eingignesdairatiumclionaimpreiximasidmplariabls comepanatinbeimplanidiens meant

that the signg) receijver is designed, i.e., configured, for implantation into a subject, e.q.. on a
Somi-permalior, TERRALH TSRS 1SRRG BB HFiLs AP BRGF PG Rl WG ddfing use.

By implantapleisdensantibat tedpceiyesnaisicgnfisergdtiemainss fuactinnalivsWwineadyiesent in a
physiological environmeni, including a .20 high salt, high humidity environment found inside of a body,
for 2 or morEAEHENGIEn 38 A55AAMGAAY FRBRRIEN Ol ey SRS SBD i TRRFIHES or

longer] aboulohryeaiert langet«: greabivet Siysts05@ATENHIN RLIEAE esinaentsoBe mdantable
circuits are configured to maiptain functionality when implanted at a physiological site for a period
ranging fron??é% t% ?ﬁ?ﬁ%?‘ Sa?gtSP%%ébr?Egc%aﬁn@oﬁ?ﬁﬁ%ﬁCé ‘%bout 70 years or longer,
and including for a\pdvérd taegiigrispTeebivetd Gife abxaeird), Vs atdprgeiconfidiretniplamigble
embodiments, the signal receiver haye any convenient shape, including but not limited to:
capoule.shaf AN e ARGk CHBIAY G PRI TE BRHORERt B e IS & MHomber of
different 30ldestabedeabotieevatit osspacsmalhgiitrdinckesihaditrettsg asviesrdnplagiahie pulse
generators are placed) etc. The implantable receivers of the invent erally include a power
sourcggn c ?f&%f‘@ﬁ %?H%fﬁsﬂﬂ% s&ﬂl%é'%f ﬂ?qugé%(ﬂg‘ggggh%er’geﬁﬂfg 88&8 .ef’ihe power
source may #toereea Watcoadiifgipf 2ieeekss aagl dechrtgeiaatsovaticaliyrofasf sigiginrdueheatient's bed
so that it Woyld be constantl recharl%}igr;]%. In certain em%)dimenés, the sisgnal receiver mz% be one that
is powered R %rﬁy ?&‘ra?. Shehia ﬁiﬁﬁmﬁ O Lin Bt iaN S SR P Qﬁls a stand
alone 5 devieeeivetizatdf isheotiphystizally ssndesiesitofegy ettenplpe hfrictigaatatilaglravice.dih yet
other embodiments, the,implaptable signal receiver may be physically coupled to a second implantable
ovics, e.0 AU LA oh R LS ALeSP ARSI RI I3 BAREVAorD Iy CRIIE S5 GErukRars the
devicextay BiGSlet?lAsant 4B dBlGioVaAcplavidad, avheretionz tdotioidiagsan robadisraiNgthe

70 according to the invention, where the receiver includes an external interface

block 71, where the external interface block may include a wireless

communication element (e.g., antenna), serial port, conductive interface, eic.

Also presence is signal receive circuitry block 72. Also present is receive

25 electrodes functional block 73. FIG. 17B provides a view of a circuit 74 found in
a receiver according to an embodiment of the invention. Circuit 74 includes
external interface 75, memory 76, digital signal processor (DSP) 77 and real time
clock (RTC) 78. Also shown is analog to digital converter (ADC) 79, pre-amplifier
80, optional reference (common mode cancellation circuit) 81 and electrodes 82.

30 in certain embodiments, the signal receivers are configured to be
associated with a desirable skin location. As such, in certain embodiments the
external signal receivers are configured to be contacted with a topical skin
location of a subject. Configurations of interest include, but are not limited to:

patches, wrist bands, belts, harnesses, devices configured to associates with
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10 cardiovascular lead includes one or more distinct physiological sensors, e.g., where the lead is a
multi-sensor lead (MSL). Implantable devices of interest further include, but are not limited to:
implantable pulse generators (e.g., ICDs), neurostimulator devices, implantable loop recorders, etc.
Aspects of the invention include receivers that have at least a receiver 15 element, e.g., in the form of
one or more electr%ges (such as two spaced apart electrodes) and a powerqgeneratron element, e.g., a

battery, whAE HRSRIRANTNG BOrcthor§enpikiates fltnethiofis BROVEsHoGAtaR) eSS Fments the

power geneggorheingnaiganue GRib i seepidetng Wies WHelapskaiicsn amexterarl teraiienn
90Additiona| eIeme ts that may gﬁﬁresentl e signal receiver |nclude \?jt are not limited to:

signal demddt \éﬁn SreRy ihesy Perr?r?t?éﬂ’?ﬂ)ﬁt%beééttrlﬂ@e REFRIRST R I

transmitter, @J@ctrfﬁtﬂé@@dlwﬁcﬁlgé@hfr @ﬁéﬂt@r%@tﬁl aelvectn ajbaz@emalslecai@mr agtigatorage
element, eg for storrn dat; drn a recei §€ B%nal siological parameter data, medical
record 75 dRtACERINER Wi IrSJ AMEQAImG Qg ‘:‘{\é HiRE with an event, such as

receipt of a signal; | ResramikRIirANYAIDEIRRIRS! tR rdfosivcen dinaling ndignmare dabéh different
functionalities of the S,Lagal receiver. As¥5ects of Impslé?ﬂ able versions of the s?ggnal recei er will

have a biol RESAG B AbRSSREIBE oD PREFS SERAIAEY ol FowEPESIHRY 3t which

could eitherdyeamprémailee!tios r&@@éﬂ@@b|§\J@ﬁttemaﬂ{@nesthat:lﬁeﬂ@w{:é&dd@)ﬂﬁg@@t&t&smﬁductlvely
to a coil. The si Fall re |ver ma also have cir urtr hat mcludesv\ﬁfﬁmodulator to decode the

transmitted & trsnr%\é fd cﬂ?’c? &)Vt?ﬁrt%?rYH‘@uté“aé'ﬂg&"body
The clgok aetiettﬁoaent &mmm@ﬁwsnaypmcerg@stemhﬁdmnmwetnmlﬁedeﬁheoumrﬁt@ could
be an RF Irné or conductrve Igr 61 qurmform \Hﬁ% om Iocal data storage to an externa) data
storage deviiECTCIRROHERSS RS RMAN IR DAL BIRINGR B MTeHIE d% odulator
Cﬁnf igured tméleracdwate th@osigaﬁiuanmegffémm &igndemﬁﬁr@r ﬂtéh@mtragnawntemrrtm:smabled
pharmaceutical co sitign. In in embodim tor Vivo transmission
ecoder thab AR RE G I SRRA LGP RS ISTTET €L P L S ek e i
significant nbgsaammﬁamtltawleomptwmmhmoesmmgswewdewrpmmtrmm@ter@lpmﬂmnt the
in-vivo transmissio der i | desi to decode si ch were odul inary
hase St Bind ISR A Sr,ALRIRIN I BAohSTaDA AN i Sel CRIE 0 1R WRary wode
is recoverechieprppbanga. s@rmimlmamwwhmwmﬂw@mmmmmm ltheoreeeiver
embodiments, the,i ln -Viv rﬁ? SMIissio decor% can includ,[e(gm a(taomatlcggg trol (AGC) block.
The AGC brbsc&%%r%é? SR %?r% 8&&%@?‘1’@@ YahéhPah g°rt‘cé¥ WEPEthe
incoming sigrea). tiEres girdigg ést @mnetmwbﬂmeigmalrm@eémblesemmoeadm& figestaally being
voltage- controlleq( krr ators in ot er arts of the algorithm. Th can heI the re ervﬁ]r actively
SHES I el &

adjust to varid *.ﬁ&‘@ﬁ%‘%& a eped\a%r 4n drﬁ‘?% %‘ée ﬁt@g Al g'ﬁgy By
measuting tlsecsngaalthewaedtmaﬂtﬁ@lslpeksmrﬁher%a&hﬂam an@F EpphBtheisme2enboesBary to

normalize the ‘?ﬁ' wercto arpee t |ne ue T?igarhncan further b éjthStetd hnglreadrng the

signal power T4as'108p p. In Bhe’ e ﬁp (tlh -vive tram arh’ts&@na Odercan ggtrvely

adjust the saeglirglesteané the itheo rfong sanalmdgdmtmo cathditiamsanleas thetieniovontdatoise
present. For exar‘r}pl if the srfgenal to noise r tro R) iS su |C|e t thae samplrn 25 rate san be

maintained a? TaWw va"I'ue 9% Smﬁ gecreasens! 6’1 b gtgre d?%g he 3%%0(%9 pfocess,

the samplrn@mm@mﬂmeildcssaé'edalertrtt%nmtmrt tihmztsamrtlmg r’axeaimwrbedqeptlas |thve dsopossible
ithout, com msn recover l, ac djusting th ling rate to
hous ORISR Rn L iae Ieetpd el Syact emagh g duesac iy

be as [ow as p ssr%le saves po such'in-vivo transmission
decoders aré%prbmndédtuemett@r@wmds&mesrﬁrwmlwmmemhcﬂ? Serimkk&agﬁﬁ!%éﬁﬁ& titled

o IRy PR Aot AR LRl FRRlealon e ReomarElry
reference. n certar e com nents or functional bleks o t e present receivers

are present imgesttsgtate@ﬂrmhush\/\Mt&iasetirrEelﬁMe@ndctmmhes a right finger to the right

finger electrode 84B and a left finger to the left finger electrode 84A to complete

30  a conductive circuit with the receiver. Upon emission of the signal from the 1EM

which is associated with the pill, e.g., when the pill dissolves in the stomach, the

signal emitted by the identifier of the pill is picked up by the receiver. At this point,

the receiver may provide an indication to the patient, e.g., the form of an audible

or visual signal (such as a green light} that the signai from the pill has been
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include a number of distinct functional blocks, i.e., modules. Within a given receiver, at least some of,
e.g., two or more, up to an including all of, the functional blocks may be present in a single integrated
circuit in the receiver. By single integrated circuit is meant a single circuit structure that includes all of
the 5 different functional blocks. As such, the integrated circuit is a monolithic integrated circuit (also

k IC, microcircuit, migrochip, si ip, ter chi 1iR). that is, a. miniaturized
cloctronia TR AP GECARED IR AR EESoNE T U SEaUR DOMpORLAS that has
been manufsstiergdsrstheduldace ahRre il subratratex @S anmicdedudstectatedatultng, Hoeimegrated

circuits of certain embogdiments of the present invention. may he hybrid integrated. circyits, which are
miniaturize@@%&?&%@ifﬁﬂﬁg%ﬂl&lﬁeg -8f=iﬁ&dq888['98%§hﬂﬁéc§P??%\ﬁ%zbs?%{? \fev'é*?zr}aggssive
componentagpindedis i subatiatearatiyoviitdiardnf-tStiliyprevgleson Jeihematiosisprasentation of a
functional block dia(%gram 113@5 accor in%to an embodiment of the invention. In FIG. 13, receiver 10
include firs?%rlfaqge ORUeREaRGY g, SI’HEHSei (11 & 12 respectively), which are separated by
distance X and seIFEGast prieies t@ reigaivers signasydredieddsivan iderttifidnuét of the
pharma-infarmatics enabled pharaceutical compagsition. The distance X vary, and in,certain
embodimenlSVERIRE 5 BA0: B8 (5HBEEH § S ol TR -Bo0e 08 1 b LB, e.g.
about 1 cm.aAtopliierskicedeicis tHR differmcttialistyaathec tositaime alaticdesor lveoetetmgdtbgnal then
goes into the demqdulator 14. Also shown is,memo to store the demodulated data..Clock 16
which Writesv\f'as{hg%iﬁ&ﬁ’gﬂm;hi Ip%rgoé)sggﬂ‘tsg?tﬁe%\r/éa%p? 5enns%|%ﬂ ?I‘L(]:{l:ﬁt W%(Téjabggéqg?g data
from the megwhygousdo Deriextersalokites de i, dnpovningéstiberefiaal$oM, thegrademicthad which
powers all the microelectronics. In the embodiment. depicted,, also present,is a micropr sor 18,
which coordm%né‘? %ni ﬁ,,{@?}ﬁg&ﬁe h g\?tﬁggeaﬁtogfs.oﬂn%ﬁ/,rg c%ﬁ%b%?oﬁ%@%m%r%ﬁﬁe’%erimeter
provides forddRitrensritissiom @fit. wssswismesiziedta B2y déheledit modifiertng ftimeteiraliblddkershown in
the embodiment of FIG, 13 be on the 30same, integrated circuli rnati odiment
is depicted :ﬂ%?@%{ﬂolfn&ﬁé%wgﬁ%e%gﬁ &'%Béh %‘ﬁ eggle@cnei\(/:earnzP tﬁ?\%ﬁ?&%ﬁﬁﬁﬁ%ﬁﬁ%nalities
listed aboverguatiwitown) and e0 (21). Also shown is el which is at the end of wire 23. This

yot milimizes the ST 82 T A ritener b, - ReTo P aorE. ol imnts the
ignal iveers physcalbgi lecttg.a mbdieal iogestior.gof atlead]BMicls hassatiatate ailimore 5
s o P
physiological bensatisnivhere trensezisase ey becaivesendortbeimextédimiadbatrifienpsteatered to
and2ar elya i inglgdersa eu nForoag Brefore
censors 53, AL e B e S R e B e e
heart, temperagiesssrabbelostioned to measure the coronary sinus temperature, sense electrodes

56, positioned to mzasufe, MAVERIGIhALRISYANLEAURA Unshs) ACASILYRHNGRIsrlfosieriody The

sense and stimulating'e es may be ring electrodes or'segmented electrodes. By segmented
electrode straleitiremicmeadnchnasizontefratedcwit the isthatiesigsotor inore 220 ang-atskeaide more,

including f d t ' - | t

are distinse %ﬁ\“p%ﬁ*ﬁceatﬁﬁé‘@ﬁaﬁq@%f%@%%%%5&2%%%@%%@%%Eﬁﬁfgtﬁﬁﬁc o

Tissue Activhaodaiddsivierpaithgndiydecorostpueachier e Zowdti PDTAE206b/8a81de

"mplantable pgcgsable Beamepted Eleqradsnefied anDasaber #2 25 2008idaigpsires of
ted electrode

the various segmen Str ‘ctures of these applications being herein incorporated by
reference. Oembedinantuchelceneiveracenificnayapdconitadrathiy fecaivimsigaalsgfiead.

devices inside of the subject, e.g., from an identifier IEM. Bandaid style receivers

30 that may be readily adapted for use in the present systems include, but are not

limited to. those described in U.S. Patent Nos. 6,315,719 and the like, the
disclosures of which are herein incorporated by reference.

For the external signal receivers, embodiments include structures that

have electrodes opposed to the skin, the demodulator, storage, and power. The
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In the embodiment shown in FIG. 15, the MSL goes from the receiver down into the heart, and can be
employed to measure cardiac parameters of 30 interest, e.g., blood temperature, heart rate, blood
pressure, movement data, including synchrony data, IEGM data, as well as pharmaceutical therapy
compliance. The obtained data is stored in the receiver. Embodiments of this configuration may be
employed as an early heart failure diagnostic tool. This configuration may be put into a subject before
they got verPSERYASGATRIAMBNILPE, WHIS'ERS 5BhI RETREMEHi )Y BlefNE0SE AR ERIFTHEE N Hrom
gettling sit;kﬂﬁelui@,métgly, whe@ﬁsthfpulﬁiogmﬁl@e@p%tﬁ fﬁﬁ]Uiééﬁ?ﬁhe mlsbmrré@ms,betmepljambwith an
implantable pulse generator, which may then employ the stimulating electrodes to provide appropriate
pacing ther Oa%spaf%n‘f.sng Sl e E@?%@gt'%rﬁi%ﬂ@fﬁ o(?)gﬁ iﬁﬁﬁg}ﬁgblg’ dtvice that

includes othgridunatish fdissh At anierspnmpleoiteirisives) Iecivracewilie the ORPNAMerE a0 mplantable
pulse generator 58, such as a pacermaker, etc. FIG. 16 provides a view of an implantable pulse
generator 5?‘&19?@&%’@5%@%8%@# 12 iSoHE R RIS QRIME WS PO BY ﬁt%ﬂﬁ?iﬂé)éjﬁtion,
where the reggiviick@ catpanpet lackided ragetre avastinakd Ihdrecsive£lechidses SORFAISO

shown is external interface antenna 60 and pacing electropics 61. Where the signal recejvers are
cxternal, thdSRAPNE BG4y EORVBRRID ks eScor) B A SB el any of
the elements@desertbpitioboue pitiivespeaio snmisiabitisniiasinaeintsy aodestieddAsmspidy, 15
external recejvers may. include circuits as depicted in FIG, 13, and described above. Accordingly,
clements 2Rt b0 B0 S Ton e s oo S AR RIRE R or b ROV
demodylatotpreictan @yekegdesent in external receivers of the invention, as desired. For example,

functional di f circuitry that b finext I ' fthe | ti id
in 20 FIGS. 17 aifd 78, RS, 194 BovIGEE Afn OHEFBlod ol SR 8t 2HIDBRRF o aliBircing to

the inventiogowipersetite rreseiveivincludpstadevitesn dbinteréadeiniock. gl, wheie tredéxteviwlahterface
block may include a wireless communication,element (e.g,, antenna), serial port, conductive interface,
etc. Also pr 'S [ [ . Als e cél ‘electrodes functiona
50 praSEHHR S A PR By R R AP TSob Se U R BB S8 ot it Eunctiona
block 73. FIGhd 78xpeavitesompencoit amiiguitigé fingidde aarecritefassopding tia awieictbdtlienent of
the invention. Circuit 74 includes external interface 75, memory 76, digital signal progessor (DSP) 77
and ol iSRRI 5 B E0 PR 10 2 ORF et S P e o Ser e ier o0,
optional reference {¢wrgigamede ivansatnioneaircit) @l amed déectibddsBEn80iylircéstans of
embodimeng the si%ﬁal recfii\‘(ﬁrs are. configured Lofbe associated \%l}h a des@rablerkskrin !ﬁ\ﬁ{ion. As
such, in cer ?ﬁn@m% [HERE ¢ e@&%’rﬁ%l%ig’gﬂ%’?? cé‘f’@r@grén&%}gu?eg\fg%e'Egntgcté with a
topical skin doatéamQfthssshjral. r€osiigmsasiohe oh veteliest malude, ingsoniiyliredetd teqgeatehes,
wrist bands, belts, h?rnesse devices confiﬂlﬁjred toD sgo%atren%avgith tﬁ:r‘%‘if:!:esmof Ocsl%ghng@t e.g. éshoes,
necklaces, eqcsag&aé) Iﬁ%%%&y 35@8&5{8% 8e%’,1%.ge., He Er’ing algg, eye é:\a Ses, an ' IR, For
instan@é, a wWatdnibedh el VAT eappiinaitioanBertplipped UWHGLMEHIBIECEi\ang iniestble esggrdlectrode
or pair of electrgdes, as described. in greater detail below, can be used as aSé%r)' 3. iver 5in
accordance Wﬁﬁ‘%ﬁé%?nb%éi 2 ?@f% e"?c;r%rs.oélﬁ%i?}n%aén?%ﬁcat'% geerrt'g?’inné)ﬂernalhgerggo ir??er?ts, the
receiver magthartonfagerdertd beéanicent@cgwittasr desoclaext] with BQaleBLOAK/ témporartiyei.e.,
transiently, for example while.the ingestible event marker, is actually being.i K ample, the
receiver ma;g ' 8@%%%9%?&35\[ aiscgnagxtﬁe?rr\%{mg\‘/:%??\?v%%? cgef%b%él?(cl% éﬁ%@r%%é? %QF H%erl%fips. Upon
ingestion of the IEM, the patient touches the electrodes or grabs the handgrips completely to produce
a conduyctive.Cjrcuit wi receiver. Upon emission of the signal from the IEM, e.g., when the EM
contacts th(fss?égnga%%\lq t ’g}lgri’é%%l emitted by the identifier of the IEM is picked up by the receiver. At
this point, the receilretheaynetboiie aitinglitzkibsytstémspafidhe iBvenfipim tvdorarofratividisible or
visual signal, that the signal f h b egel indi . ve, i rtai ternal
embocimentoUTe 1ECIE & Gt Tom e e e e b L et SR o
temporarily, ieretrmngsstitle orveakamplsarinfettiee ipitendigestiblemeekicer anayidbadngdyiediny

i ted. F | fi |
medication TG bS 64 I oh e R e A R AR e AR 0
and 848, In wéenintbmbddinisitatinoswetedepylsraindastomparthandispsatiota ismainient

tfient contact h SO i . N o th
a8, To o e B e R B T M e e &
signal or alagvetipmareenoeafof Bydsvajiewing tihve doMvermpositionsafyeviarigysoht gifigrent

t i ' ided, ) igh tingic j 5.Th

patient then Woes. 8 B e e S Rl > The
electrode 84Bnantraalett tngenacimalien fingbewethasée lBAmso dEmpte@ broadly to describe
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30 a conductive circuit with the receiver. Upon emission of the signal from the IEM which is associated
with the pill, e.g., when the pill dissolves in the stomach, the signal emitted by the identifier of the pill is
picked up by the receiver. At this point, the receiver may provide an indication to the patient, e.g., the
form of an audible or visual signal (such as a green light) that the signal from the pill has been
received. The patient can then release the receiver until the next #me that t &Hpatlent is scheduled to

take pill. THE"BBRIEM AR A& MBIN dhe RIISBIABI IR HaRHSHRS, dffy SATBIYPs

described agoye. S fRabesis)eresi8aNS @Ilcmt@gsgpjm@gdgggnghdqfaﬂg‘)‘em sﬁentnwése g., for
Tuberculosis patlents 5on long term therapeutic regimens.  FIG. 19 provide ew atwnst band
receiver emGo8irtdTEPthENRRARFESSEs eA vmoﬂ%@ﬁl:e'i@eﬁe%rﬁ?%%}’ﬁl E%ﬁj@tﬁa&gﬁd 88 which

includes a tgg@é@gwm%@nuﬂzae@ntact where the bottom contact is for contacting the wrist of the

patient. The top contact is for the patient to touch with ar ht finger 10 during use. During use of this
device,upon ingestEREIHAIERD t1BS aRBFIGHIR 1GRRlE tﬂf?@ r%ﬁ?flﬁﬁg HBaFie WIB.H?%_”L%“I the

receiver 93 whishtiispalsn duaintastieithhihpdeft mmmt u@ﬁmﬁﬂ@h&a;ttharehmompdﬁtﬂ%m sircuit.
Upon detectlon of the IEM ted signal, the move the finger from the receiver.

2 Such a SJ ARSI th o ST ORI RGBT b B BENSBRb 6 & e
ingestion ofdtteetﬁwrﬁaasmmaéedmtbraﬂmusuﬁtmwmfﬂhaeapm&rco@mpem@mbtaaatmmbed in
greater detail below). Th tlent can ele e rece |I the next time tha the atlent IS
scheduled t@%{kéﬁﬁsé%g %? Sﬁ’eﬁt ﬁﬂg ® ﬁé\i%ﬁpft Qﬂbﬁé’t‘ﬂpé’% ‘t:i/ of
differeng settﬂ&;ﬁbegngf@smdoeequeﬁﬁam@t@n@t ehdangriertiniberangiuéino sagmmwsnawﬂeiude
embodiments of such s stems re furt Fer dejmnbed in Laterﬁ}etau @8 Inc ta in

embodlmentggﬂ‘f’e‘%‘}ta faPEIGA f‘t@@@ e fhctiBey rﬁﬂ EfSHYNIRL Wﬁl\l:l?% fhtdiP&ted with
the electrodes diffeerents dramehdid glyiethl paieh.abpiqation includeaielectioodisndatsyimentippplied,
contact the skin. The bandaid style tch be confi uredt be posi on a desirable target skin
site of the s Q&'} Peri} ”b?t/tr?éecﬁég éng‘?(lj E‘I rggeg (o ?ngthei% @al’%‘&?m ﬁ%r fhe) &Zceiver
circuitry mawheteoeﬁgu@eehmwtese@aslmb; faie diffeiess msidens tharsiibietdiffgrefibtypas identifier
IEM. Bandaid, style receivers 30 that may be readily adapted for use in the present systems include,
but aré hot IFhREGTE ‘those described in U.S. Patent Nos. 6,315,719 and the like, the disclosures of
which are herein |mmtamm@smmt maﬁ@rtmeﬁ&rtabstgrgétrphqmteg'emtbsitzﬁmeats
include stru% thatéh&l) Eﬁtrod sedt the sa]n the demodulator éorage pal r{oc?wer The
communicatioh éﬁf&? ?ell ?osrt%n nfore Shiftcive e , optical
fibers, etc. |regeitain ma’rtotbdlmﬂetmctbwedrdeteleetg)desta@ frsed @cbrerem@mahgmlttettatrmmmamg
signals. One ex le is a wristwatch format which is con uctlv |n co twn%;t bod where to
move 5 the HEQQ%H tﬁgeﬁipfgﬁ Sr?h@WY%'t\ﬁgf’chng WOU|dsg 18 %aqcs Sl e pads & those
would De recetesvieby sepiyistetthsiteretaee aatamber ahR témmtqude\tmegqmsg thesing
transmission out of the tLolg that ma be e 5.5”0 ed, %lr%té cjiuctl %Rrotocols that em%g ¢
Alternatively; FUNE 86 EI f 3132: CRURL .5' fe one wouF uSe IRstIAied &RdFo es, Aot
conductivehtiffizontactedteleasodite datsViterstdhedsignal retceags |et¢mtet$tamfetkterratmmponent
that compo ave output devices for providin Vi aI back: examples
include audlg%coram@yLE[% Raa splgv(is)gfjeer?sp tgtﬁjl GT”L&?%FHS Cexterna‘ cgrsr'tstp%ne%?%t\%ﬁa sgcgé‘lnclude
an interface foorsukmeduenthetransmission to an external device or for use in processing of

oils.

25 subsequent data (e.g., detecting a change in some parameter over time). For
instance, an implanted coliector may include conventional RF circuitry (operating,
e.g., in the 405 MHz medical device band) with which a practitioner can
communicaie, e.g., using a data retrieval device, such as a wand as is known in
the art. in other embodiments, the signal receiver processes the received data to

30 determine whether to take some action such as operating an effector that is
under its control, activating a visible or audible alarm, transmitting a control signal
to an effector located elsewhere in the body, or the like. The signal receivers
may perform any combination of these and/or other operations using received
data.
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15 component can be connected to a computer for reading out data stored therein. The signal
receivers reviewed above are described primarily in terms of being configured to receive a signal from
an ingestible event marker (IEM). However, the signal receivers of the invention may be ones
configured to receive a signal from a pharma-informatics enabled pharmaceutical composition (e.g., as
20 described in PCT application

g éINo usS200 /01 70); an mg Sti le event rkeré as
described in provistonSFABRi EHORLBIRSo. 66/ 2RI I3RS, RIS Rite P HGIEQ ag%
described I%ﬂﬂ%@ké&é&hﬁwgwm Whishohrd netein iaﬁonmawt@ymﬂeaence or
analogous device, 25 SYSTI;:[H gPERATION In the m thod of the lEl\\ﬁ] r{ ms of the ér}&entlon
when an mdﬁﬁtmgﬁfvéﬁtg toHRA HIRKE éﬂé?éd’r?a? S1ias) |ﬁf§]@38 2 'ﬂfﬁﬁﬁa 8ne or
more Ingestrt&awmmeaékﬂf@fdémmem@m bEnehe zdiarmBaYyrizeriagestad kythsosityecbusing any

ot leastin pAROBH 8 DaR DR R Ao 18 RSB o A8 VeI R BRO M VBvce

ingesting th%%ﬁ@ﬁi%@@ﬂhmd@u@gnwwa&cwmr@mompnsuwmjéwamtmfmfferent

types of individuals ma ractice, the ethod neraII such nd|V|du

mammallar’} &Y I‘F\ e%?ﬂ%aé U§§j B %}' g%ﬁ'ﬁ@ 'Bpgﬁ‘rﬂéi]n %ﬁ‘r‘é&&ﬂn%fﬂﬂ]t%e class

mammalia, miudlngg@et@ed&fmarmuora (e®m., nlogemmd @iﬁ)omdmﬁta (¢he. dateepDin@agtigs, and

rats), and prlm%? (e humans, chimpanzees, and monke é}ln r sent t|ve emb?ilme ts, the
i 5 il

subjects will mo B@H@:’ﬁdm %?Pfﬁé“ﬁ& cullrér‘é% n‘BH‘ g %’déqﬁa 215

ingestingy anmetmad@ieby tselfzy tissosjprotientiedthianotricamimsiior ofsntttedathere in the
later embodi entt e |d ifier ma be co-ingested with the other %gmp sition o¥ matter %'1 ombined

with the othdNEEHTHo 8? RSP LR Benn Cdted "TRBHITGREER, the RS TNt andThe bther

compos|t|onrefsmmtmh11@magyl-b&elngested sequentially or at the same time. A given method may
include ingestion OJ asi naI |dentqf€|§e &iwo or more dentlflers (which ma the same b d ifferent)

depending on the R/é:ﬁ IB“%Q]:P ﬁ{%% r[}?ecﬁiéleﬁ?uﬂ Elé)?d’er?\fﬁe 3 a?soe emp oyed to
mark an evesysizm, t0 indtvaiekdefreeraiond)areceivibs ewend isphoeatiyulottekediifieent batrkers to

indicat%dlfferr] g}nt ggd’L 5x{e?¥g t\§vhlch provide a variety of different types of information that

is ultimately collected and processed by a processor, such as an external

processor, which then can provide contextual data about a patient as output. For

example that sensor may be a member of an in-body network of devices which

can provide an output that inciudes data about pill ingestion, one or more

20  physiological sensed parameters, implantable device operation, etc., to an

external collector of the data. The external collector, e.g., in the form of a health

care network server, etc., of the data then combines this receiver provided data

with additional reilevant data about the patient, e.g., weight, weather, medical

record data, etc., and may process this disparate data to provide highly specific

25  and contextual patient specific data.

In certain embodiments, the signal receiver is configured to provide data of

a received signal to a location external to said subject. For example, the signal

receiver may be configured to provide data to an external data receiver, e.g.,

which may be in the form of a monitor (such as a bedside monitor), a computer

30 (e.g., PC or MAC), a personal digital assistant (PDA), phone, messaging device,

smart phone, etc. In one embodiment, if a signal receiver failed o detect a signal

indicating that a pill had been ingested, the signal receiver could transmit a

reminder to take the pill to the subject's PDA or smart phone, which could then

provide a prompt to the user to take the medication, e.g., a dispiay or alarm on
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Once the ingestible event marker reaches the target physiological site, the identifier of the IEM emits a
detectable signal, e.g., as reviewed above. A signal receiver may handle received data (e.g., in the
form of a signal emitted from an ingestible event marker) in various ways. In some embodiments, the
signal 20 receiver simply retransmits the data to an external device (e.g., using conventional RF
communicatjon) ., immediately or following some perjod of time, in which case the data is stored in
a storage eﬁmeﬁm’th@réggﬁgﬁgcﬁopﬁﬂﬁé ﬁ?@eﬂ%iélﬁnﬁmﬁﬁe‘ﬁﬁg%e %‘&n’ala}e(r:ee?\%aes%ores the
received daadessydsentient retreigsiaissiosileameytdiaatoefifteat tor teteangpnidcaatingfoé 25
subsequent data (e.g., detecting a change in some parameter qguer time). For.instance, an implanted
collector me[)??r%‘l’ %Sﬂéi(ﬁﬁid?ﬁ fé?&%&ﬁ&%ﬂ)@?ﬁ ir?g?,“iﬁ!"%’? ﬁ%-er% rﬂ/?lﬁ\zle%egﬁ:%lsd%f\}%e band)
with which aereréionicoading Mhunidaie caafigusist) dodate rdtenalgdtetCebpucnasdevaall as is
known in the art. In other embodiments, the signal receiver processes the received data to 30
determine WHIEHERR B R AT G AR Db Sary 2 SHORP Al T Gr R Rt
activating a visible & audiv|eralesrtaitransivddingen otleokyisieat soiachefte cordatateal elsembere in
the body, or the |ike. The signal receivers ma rfarm any cambination of these and/or,other
operations 0¥ ‘@Hé% -@Qgcagﬁgm%ﬁemegggygﬁ/ @?\'EC m%’nﬁ? t'ﬁ%ol?aqide%g{ i%s?Pé%%r;f‘ & 8|rlwea data
storage elererttnf theriecsivanmitag|udesaat et omxtefridhotialicd, timeyidate, anchamkwemtisier (e.g.,
global uniquge serial ng.) of each composition administered tg, a patient, where the identifier may be the
common et B S NE LG pSRH b A B A a1 CATo B 08, TR o STD Rk storage
elementof taadeggiveprady flirtlval eguidéioneridhbrpatiethinfSunhtdefitdeccaubiake witly which the
receiver is associated, e.g., idenfifying information, such as but not limited to; n tment
record, etc. ﬂ’r’E’@?%{n?ﬁ?%@érm r¥tspf E‘Hﬁiﬁa%fe irﬂg\r’é%? irelldss %Qﬁé%%%rﬁc%@e%ﬁ%&egn s. In
certain embeogithentsh¢hpataiat o0& 1) ircpeskidel udesitardathessicerpadpanddisdén bektare not
embodiments, the dat interest includes pressure or volume mea te re, activity,
respiration r @%ﬁﬂ%’?ﬁs Asins(%arﬁ;i%HgnQ%%)'dlﬁrﬁ@n%s?%neo ggeﬁgl %?Sewé%@%}%%r%ﬁgﬁ%%ﬁ légsociated
system or neéhaoit misatisordesecitigdra; andreptetallynottbedeeicksnd ah the istéyest aratexternal,
which provide a variety qf different types of infarmation that is ulti I I . ed by a
procescor, SRR BUe e RO b BB A AL ot e e B o
output. For esearsiple thewiseasaustayabeia predibezdfirieinalydpnetvpsrkarhdkeicdsvittgclocan provide
an output that includes.data about pill ingestign, one,pr-mor i [ e r ters,
implantable %39%3%82;@1 |oar§?t£)& ,d%[%% thg(r%rrl][aecgffgcfgrg oﬁﬁ%‘%ga%ﬂﬁ% %%Eéﬁ?gj C gc%)qrafge.g., in
the form of dshealjetctie datearit serties, patieof Hreldata terestaTinhdevite reCuiecieatovidet! data
with additional releyant data about the patient, e.9,,. weight ical recor , and
may procest RIS b ie ALY S AL EEBatAR, S Bamaete = |,
certair2émbacfiornatiothénsaiatme dbatecis coafijarsthittediothideuditaofr anecissarnsioeslitdna location
external to said subject, For.e , the si ' nfigured: ide da an
external data Lrjgcae?véeﬁ E?&éhﬁéﬁi%n%y eai%%%ﬁrﬁ%%{gm n%/lilll%t%r% sélc ligégﬁg{cﬁ%e morﬁﬁrc%r:s, a
computer 30nferjtoREdAAT), a personal digital assistant (PDA), phone, messaging device, smart
phone, etc. In one odiment, if.a_signal [ il detect a.5] ingicating thata gill had
been ingested, the%aﬁ@c |b%¥1%%séjlﬁrz§r%§r%ﬁtg§m%l% er t%t ta%<eas r?lgggpil t?#}ig éup%?ect's PDA or
smart phoneemhintiroenid ahénepovéadianporomplGo 2k systeotdddiircndarangasiédls, aveRblay or
alarm gy the BRAY %?8?#%!‘%%%%’1%%% %é@ﬁé%b?ﬂﬂrlﬁéesgst%rﬁegﬁ%ﬁ MERAIRLELC. The
iglre signal to

signal réceiver may be con to retransmit data of a received's | to the location external to
said subjectiidtdFridiit @ ishe piljrthiatcbai dresrcoudfittethayitbearvidigutiiand bl i iemdgateinby an

exteral integgaion devieR B IOYS S Alas es sonatingn HEaLIORANM or AS Such

in certain embodiments ystems include an externa is distinct from the receiver
(which may lestivatiechtied arstopitatyiopifdime vérelnngestrinaediSEisefeUnUSanal edce
provides a an@eF é%?tl&)b‘lﬂltl%?.tﬁgcﬁa%g a&pm&ﬁ%ﬁ? mg_l }t’@agﬂpamty egrt%lquf%edback
10 and appropriate clinical regulation to the patient. Such a’device ¢an take any of'a number of forms.

By exabfiple, tatiaéviceutdhaeccartiferentelsicanitesiga def WaiesiRientde @ﬁ?‘éﬁ%g‘d@mopitor.
Other formatgfncbifieri! SR GEAEN R 19 Bhthe PREARATCEP RS, GRIEN R DcRifinEliflevice

can read out the in ed in more detall in other sections of thie subject patent
with the pharmaceutical dosage. The microchip is composed of silicon-based
materials that pass easily through the digestive tract and other compounds with a

long history of use as vitamins.
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15 application, both from pharmaceutical ingestion reporting and from physiological sensing devices,
such as is produced internally by a pacemaker device or a dedicated implant for detection of the pill.
The purpose of the external apparatus is to get the data out of the patient and into an external device.
One feature of the external apparatus is its ability to provide pharmacologic and physiologic 20
information in a fory that can be transmitted t h a transmission med| uch as a telephone line,
to a remote Iocatio‘rglgﬁc ¢3 mirtﬂli@aﬁﬁﬁef@ é’%ﬁ%aﬁédﬁi%ﬁn@%%ﬁ&jw \'é?@giﬁ Sré?/rrb%s a
schematic vigredf aveystie aGagrding te aambadisebtuizhedoyeintplantabits refkisgstémat1 00

includes i ipl 5 ker 104 | heal iver 102. In th h in FIG.
WO the |ENF LD A R W BER YA L el ARl SRORAl

digestible mintottop-kessichtiota theashities, Tompatatina)sbidtsd ip@siivakedifal/arsbtivepdasyd of time
when ingested and sends a urﬁ'ﬁue Sriv%é]al to a (t‘iatggreceiver 102, In tg(: ?ase of méulti-dru Ihqrapy,
each pill ing QERBFSs pgﬁ il CI%W@Q it EERETo M PAGN! A7 F&tE Wgnn}'a ‘Fovided
by a differentripliheithendakas pamardeiibespiapiactiticat slakiagealefibnitaigrs) aiearoitiyitz
pharmaceuti al.dosa%? The microc%is mpii,?e%ﬁf silico 'b%’,s,%d r?saterggcl-:ﬁ \}hgtﬁ@%s t%z?gily
through the ?d’é%?ﬁ/e gcgsﬁ’r?d%ﬁie MpSindS Wit & Torg st ry%’? Gse B vitamIng, Also
shown in thetystémpottalt and isititeddrmitcaf? datachlisraatimeratied, sveartibie (eogrdas a patch)

or subcutaneous irgpgint@ble rec? $r @t.containga d teth(:)c;r%) re%?r(\jN tr\llee rin%%StSiBPn OfaEr!\z/I %nd
physiologic sensor 5 MEBr e Jl at ,I%@aﬂt? 8”}8 [SETA % 80§ pressure and/&rster key 5
biomarnkers. db ezt dimecsybtEainmaats jribkideceive s pareod gie mrds ehepmeetsc & diywkBret asuble as pump
devices, implantable cardiac defibrill neurological gdevices, etc (see e.g., EIG. 16). In certain
embodimenfg,s’?gef(]:%ﬁilé)rn 19 g%%ré%el)ﬁ%ﬁ'?‘np%f g‘n A gel?a gg%@’altﬂcgpe g?aqtgﬁcﬂraseg’@gﬁent's
medical recammboteshewabing|S2@0ead avreldssndatedademidsiveVerras sacewarized 1Eabove, the

system may inclu ne.or mare external elements. Software can be inst. éed g% PDA,
cch a5  BERRLETR 47 BH oo SR S R i ey TR TR

transmissioraﬁmdaata@ﬁeermddaﬂsmecamualléimm_mm'mtal m&medt&:@iw pﬂmgdnm mﬁb@segivers.
These systefoalo dafagaiafe gn isagalime s love plmedicaten dosing b pafignts 1510

be integratecPw ystologic parameters and presented to patients an ysiCians In ways that
support bettphisitichsalipeviays aifee @upare dieteclimdalideaisipademibdice agptmaacmveent.
FIG. 21 showl? an tripbodimgnatn(g issgggee%cgntgt%i%ve tion that includes an IEM and receiver, as well

tional Bnical gedsion 51 : ,
as additional physiological parameter sensors a ata sources of non-physiological parameters. In

FIG. 21, patient 11FiGgetsshowsMi Embitdisnphhohscevstety efctive inyenticththBEMtiudesits a
signal upon con ith stomach fluid which i i ' jve S tains
data from ne%%ro%@m\%rl}g?ré i?‘g,%ﬁ’re%s‘lﬁ)rgens%%sgoérsﬁf%f}ﬁ%%é{}ﬁs%ﬁéﬁ%}ajﬁ%rg@d%gmreéé‘%%ng the shoe of

the pafiént. HxssvartmssafaiarspbysicicgEeabnagmstesselndric cXlepalisatvEtOBngssisl aerver 117

processes tl1l Q i (éi/i akd %o tign, 118 .such as o al records
of the patien %@vﬁeﬁm‘?ggtéﬁﬁggﬁgﬁgﬁﬁ%ﬁﬁﬂﬁ éeﬁfghtlﬂcﬁa eﬁ@o%tair% ccl)t%text lize (§ata. The
following tabtestasiveviiffetereasdnioid tybieh tisatenaived b peogivein tlatdieceivgeididealion, and
the tyes of gata9LalnE 4rdfh NEIRE Wil A113 SRR O AUGH FaN 52 CARIPAAB RS
systems of these embodiments may be fused at a network layer, as desired, for subsequent use, e.g.,
by a health qadgrefessidhan Fecehne FdheopsitigpiarheSeranrss claieritre Bansues ot by
25 receiver to external server. External server 117 processes these IEM annotated
data streams with additional information 118, such as medical records of the
patient, weather data, blood pressure data and weight data, to obtain
contextualized data. The following tabie shows different sensors types that may
be employed in systems of the invention, and the types of data obtained
30 therefrom. The data obtained from such disparate components of systems of
these embodiments may be fused at a network layer, as desired, for subsequent

use, e.g., by a health care professional.

| Receiver Sensors | Implanted Sensors | Networked Sensors é
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Skin Electrode Temperature Acceler- Pressure Multi- Ambu- GlucoseF Bath- Electrodes Impedance
Sensor ometer Sensor Sensor latory Monitor

Skin Electrode Temperature Acceler- Pressure hulti- Ambu- Glucose Bath-
Electrodes | Impedance | Sensor ometer Sensor Sensor latory Monitor room
Lead Blood Scale
EKG Resgpiration | Body Activity Biloed Pressure | Diabetes
Temperature estimation Pressure Synch- Fiuid
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As reviewed above, in certain embodiments of interest, the receiver
element includes a semiconductor support component. Any of a variety of
different protocols may be employed in manufacturing the receiver structures and

5 components thereof. For example, molding, deposition and material removal,
e.q., planar processing technigues, such as Micro-Electro-Mechanical Systems
(MEMS) fabrication techniques, including surface micromachining and bulk
micromachining technigues, may be empioyed. Deposition techniques that may
be employed in certain embodiments of fabricating the structures include, but are

10  not limited to: electroplating, cathodic arc deposition, plasma spray, sputtering, e-
beam evaporation, physical vapor deposition, chemical vapor deposition, plasma
enhanced chemical vapor deposition, etc. Material removal techniques included,
but are not limited to: reactive ion efching, anisotropic chemical etching, isotropic
chemical etching, planarization, e.g., via chemical mechanical polishing, laser

15 ablation, electronic discharge machining (EDM), etc. Also of interest are
lithographic protocols. Of interest in certain embodiments is the use of planar
processing protocols, in which structures are built up and/or removed from a
surface or surfaces of an initially planar substrate using a variety of different
material removal and deposition protocols applied to the substrate in a sequential

20 manner. lliustrative fabrication methods of interest are described in greater detail
in copending PCT application serial no. PCT/US2006/ 016370; the disclosure of
which is herein incorporated by reference.

In certain embodiments, off-the-shelf components may be employed to

fabricate the receivers. For example, an off-the-shelf instrumentation amplifier for

[
n

the input amp may be employed, e.g., in bare die form. Custom logic, either in an
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FPGA or in an ASIC, that handies the demoduiator, the memory, the
microprocessor functions, and all the interface functions may be used. The
transmititer may be an off-the-shelf chip, e.g., made by Zarlink, in the mixed
communication band, which is approved for medical implants. The clock may be
a stand-alone clock, or the device may have a microprocessor that has a clock
built in.

uriLiry

The subject ingestible event markers, systems and methods of use may
be empioyed in a variety of different applications, which applications may be both
medical and non-medical in nature. Different illustrative applications are now
reviewed below in greater detail below.

As mentioned above, certain applications involve the use of the ingestible
identifiers by themselves to mark a personal event of interest, e.g., onset of a
physiological parameter (such as a symptom(s) of interest), onset of an activity,
etc. For example, in certain embodiments event markers are employed to mark
the onset of a symptom of interest. In such instances, when an individual
becomes aware of a symptom of interest, e.g., begins to feel flushed, nauseous,
excited, etc., , e.g., the individual may ingest an IEM to mark the occurrence of
the symptom of interest. For example, the patient may begin {o not feel well, and
ingest an event marker in response to this ill feeling. Upon ingestion, the marker
sends a signal to a receiver, which may then record receipt of the signai for
further use, e.g., to combine with physiological data, etc. In certain embodiments,
the received signal is empioyed to provide context for any physiological data that
is obtained from the patient, e.g., by sensors on the receiver, from an implantable
recorder, etc.

Another symptom of interest is pain. In these embodiments, the ingestible
event marker may be employed a pain marker. For example, where a patient is
being monitored for pain, if a patient feels no pain, the patient may ingest a first
type of marker. If the patient feels pain, the patient may ingest a second type of
marker. Different types of markers may be differentiated, such as color coded,
where desired, to assist in their identification and proper use by the patient. For
example, markers 1o be ingested when the patient does not feel pain may be

color coded blue, while markers that are to be ingested with the patient does
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have pain may be color coded yeliow. Instead of having different types of
markers, a protocol may be empioyed in which the amount of markers ingested,
and therefore the signal obtained, e.g., from a singie marker or two or more
markers, is employed to denote scale of symptom of interest, such as pain. So, if
an individual is having intense pain, the individual takes four of the positive pain
pills at the same time, while in response to miid pain the individual may take only
one marker.

in such embodiments, the onset of the symptom of interest, as marked by
the ingestion of the event marker and detection of the signal by the receiver, may
be employed as relevant point at which {o begin recording one or more
physioiogical parameters of interest, e.g., by using an implantabie physiological
monitor. In these instances, the emitted signal from the marker is received by the
receiver, which then causes a physiological parameter recorder (such as a
Reveal® Plus Insertable Loop Recorder {ILR), Medtronic Corporation) to begin
recording data and saving the data, e.g., for later use. For example, an
impiantable physiological parameter recorder may have only a limited possible
amount of time for recording (such as 42 minutes). In such situations, the data
may be automatically overwritten unless somehow flagged or marked for
protection. In the present methods, an IEM may be ingested to mark the onset of
a symptom of interest, as perceived by the patient, and receiver upon receipt of
the signal may act with the recorder to protect the data obtained around the time
of the signal (after, or even some time before) to be protected and not
overwritten. The system may be further configured to work in response not only
to the ingestion of the event marker, but aiso in response to physiological sensed
parameters, e.g., pH. As such, the methods find use as an event recorder in
terms of flagging a diagnostic stream of information, and protecting it from being
overwritten, so a physician can look at it at a later date.

In certain embodiments, the event marker provides the context for
interpreting a given set of physiological data at a later time. For example, if one
is employing an activity sensor and one co-administers and event marker with a
particular drug, one can note any change in activity that is brought about by that
drug. If a drop in activity is observed after a person takes both the event marker
and a drug, the drop indicates the drug is probably causing the person to reduce
their activity, e.g., by making them feel sleepy or actually causing them to fall
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asleep. Such data may be employed to adjust the does of a drug or be the basis
for a decision to switch to an alternative medication.

In certain embodiments the event marker is employed to construct a
database of multiple events. Such a database may be employed to find

5 commonality between the muiltiple marked events. Simpie or complex protocols
for finding commonality among multiple marked events may be employed. For
example, multiple events may be averaged. Alternatively techniques such as
impulse response theory may be employed, where such technigues provide
information on what exactly are the common features in a set of multiple sensor

10 streams that are tied to a particular event.

The IEM systems of the invention enable one to use subjective symptoms,
such as “I'm feeling funny,” to impart context and background to obtained
objective measures of what's really going on physiologically. So, if every time
somebody felt abnormal they took an event marker, one could reference a

15 database of the objective sensor data, and find common features in the
database. Such an approach may be employed to discover the underlying causes
of the subjective feeling. For example, such an approach may be employed to
determine that every time a person is feeling funny, they have some change in
their blood pressure, and that link between a subjective symptom and and

20 objective physiological data can be used in their diagnosis. As such, a
generalizable event marker brings coniext to discrete data from any other source.
As such, use of the oral medication event markers provides context for any other
associated health monitoring information or health event.

In certain embodiments, the event marker can be an alert marker, such

25 that ingestion of the marker causes an alarm signal to be sent from the patient,
e.g., indicating that the patient needs medical assistance. For example, when a
patient feels an onset of a symptom of interest, such as chest pain, shoriness of
breath, etc., the patient may ingest an event marker. The signal emitted from the
event marker may be received by the receiver, which may then cause an alarm to

30 be generated and distributed to a medical professional.

in certain embodiments, the event marker is employed to instigate or start
a therapeutic action, e.g., activate an implantable puise generator to deliver
electrical therapy, activate an implanted drug delivery device to administer a

dosage of drug, activate a physiological sensor to begin acquiring data, etc. For
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example, where a patient has a neural stimulator for treating migraines, upon
perception of the onset of aura, the patient could ingest an IEM. The emitted
signal would then activate neural stimulator into stimulus mode, and thereby
cause the implant to deliver therapy. Alternatively, if one has an implanted drug
deliver device, e.g., a device that delivers an oncotic agent, ingestion of the IEM
could cause the implanted device to deliver the active agent.

In certain embodiments, the event marker is employed to deiiver
information to an implanted medical device in the patient. For example, an
ingestible event marker may send a signal that includes update data for an
implanted medical devices, such as firmware upgrade data for an implantable
puise generator, €.g., a pace maker. In such instances, the sighal may include
the upgrade code which is broadcast from the IEM conductively to the medical
device, where upon receipt of the signal and code, the firmware of the medical
device is upgraded.

Other applications where event markers may be employed by themselves
is to mark or note the start of non-medical personal event, such as a commute
time, the start of an exercise regimen, sleep time, smoking (e.g., so one can log
how much one smokes) etc.

As indicated above, embodiments of the invention are characterized in that
the event markers are co-ingested with another composition of matter, e.g., a
pharmaceutical composition, food, etc. For example, the event markers may be
employed to frack ingesting a pharmaceutical agent, where one co-administers
the marker with the drug of interest. Applications where co-administration of a
drug and marker is of interest include, but are not limited to, clinical studies,
titration of medicine, e.g., blood pressure medicine, etc. Where desired, the IEM
could be provided as just another pill when the fili at the pharmacy essentially.

instead of co-ingesting the event marker with another composition, e.g., a
drug, food, etc., the marker and the other composition may be compounded
together, e.g., by the end user. For example, an IEM in the form of a capsule can
be opened by the end user and filled with a pharmaceutical composition. The
resultant compounded capsule and active agent may then be ingested by the end
user. Instead of an end user, the pharmacist or a health care provided may
perform the compounding step.
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Motion As reviewed above, in certain embodiments of interest, the receiver element includes a
semiconductor support component. Any of a variety of different protocols may be employed in
manufacturing the receiver structures and 5 components thereof. For example, molding, deposition
and material removal, e.g., planar processing techniques, such as Micro-Electro-Mechanical Systems

(MEMS) fabrication technigues, including surface micromachining and bulk micromachinjn
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processing pedgpentss.in which structures are bU|It up and/or removed from a surface or surfaces of an
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may be®mpliesiddedffett. bder dixdanple Cuslon wajuetithertienans prescribed a regiment of
multiple pharmaceutical agents and there are multiple different phsyiological
parameters that are monitored as indicators of how the patient is responding to
the prescribed therapeutic regimen, a given drug as marked by a given marker
can be assessed in terms of its impact on a one or more of the physiological
15 parameters of interest. Following this assessment, adjustments can be made
accordingly. In this manner, automation may be employed io tailor therapies
based on individual responses. For example, where a patient is undergoing
oncotic therapy, the event marker can be used {o provide real time context to
obtained physiological parameter data. The resuitant annotated real time data
20 can be used to make decisions about whether or not to continue therapy, or
change to a new therapy.
In certain embodiments, a dosing event (as marked by the IEM) is
correlated with sensor data {o develop a profile for how a given drug acts, e.g., in
terms of a pharmacokinetic and/or pharmacodynamic model. Sensors are
25  employed with the IEM marking of the dosing event to obtain a pharmacokinetic
model. Once one has the pharmacokinetic model, one can use the dosing event
to drive that model and predict serum drug levels and response. Cne might find,
as determined from various sensors, that this patient is not doing so well at this
time. One might look back at the pharmacokinetic model and say the levels of
30 this drug in the biood are getting low when the patient is sensed as not doing
well. This data is then used to make a determination to increase the dosing
frequency or increase the dose at a given dosing event. The event marker

provides a way to develop a model and then apply it.

65



FPGA or in an ASIC, that handles the demodulator, the memory, the microprocessor functions, and alll
the interface functions may be used. The transmitter may be an off-the-shelf chip, e.g., made by
Zarlink, in the mixed communication band, which is approved for medical implants. The clock may be 5
a stand-alone clock, or the device may have a microprocessor that has a clock built in. UTILITY The
subject ingestible event markers, systems and methods of %se may 10 be employed.in a variety of
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recommended therapy, and, of those who are titrated appropriately, only 40-60%

15 adhere to the regimen. With the subject systems, heart failure patients can be
monitored for patient adherence to therapy, and adherence performance can be
linked to key physiologic measurements, to facilitate the optimization of therapy

by physicians. In FIG. 22, system 120 includes a pharmaceutical composition 121

that comprises an IEM. Also present in system 120 is receiver 122 (labeled

20 "Raisin” in the figure), which is configured to detect signal emitted from the
identifier of the pharmaceutical composition 121. implanted receiver 122 aiso
includes physiologic sensing capability. implanted receiver 122 is configured to
transmit data to an external PDA 123, which in turn transmits the data to a server

124. Server 124 may be configured as desired, e.g., to provide for patient

25 directed permissions. For example, server may be configured to allow a family
caregiver to participate in the patient's therapeutic regimen, e.g., via an interface
(such as a web interface) that allows the family caregiver to monitor alerts and
trends generated by the server, and provide support back to the patient, as
indicated by arrow 126. The server may also be configured to provide responses

30 directly to the patient, e.g., in the form of patient alerts, patient incentives, etc., as
indicated by arrow 127. Server 124 may also interact with a health care
professional (e.g., RN, physician) 128, which can use data processing aigorithms

to obtain, e.g., weliness index summaries, alerts, cross-patient benchmarks, etc.,
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color coded blue, while markers that are to be ingested with the patient does have pain may be color
coded yellow. Instead of having different types of markers, a protocol may be employed in which the
amount of markers ingested, and therefore the signal obtained, e.g., from a single marker or two or
more markers, is employed to denote scale of symptom of interest, such as pain. So, if 5 an individual
is having intense pain, the individual takes four of the positive pain pills at the same time, while in
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measured biomarkers to generate a physiological index useful for management

of a weight loss or cardiovascular health program. This information can be

combined with cardiac performance indicators to get a good picture of overall

20 health, which can be combined with pharmaceutical therapy administration data.

In another embodiment, one might find for example that a particular

pharmaceutical correlates with a small increase in body temperature, or a change

in the electrocardiogram. One can develop a pharmacodynamic model for the

metabolism of the drug, and use the information from the receiver to essentially fit

(o]
Lh

the free parameters in that model to give much more accurate estimation of the
levels actually present in the serum of the subject. This information could be fed
back to dosing regimes. In another embodiment, one can combine information
from a sensor that measures uterine contractions (e.g. with a strain gauge) and
that also monitors fetal heart rate, for use as a high-risk pregnancy monitor.

30 In certain embodiments, the subject specific information that is coliected
using the systems of the invention may be transmitted to a location where it is
combined with data from one or more additional individuais to provide a collection
of data which is a composite of data collected from 2 or more, e.g., 5 or more, 10

or more, 25 or more, 50 or more, 100 or more, 1000 or more, etc., individuals.
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In certain embodiments the event marker is employed to construct a database of multiple events. Such
a database may be employed to find 5 commonality between the multiple marked events. Simple or
complex protocols for finding commonality among multiple marked events may be employed. For
example, multiple events may be averaged. Alternatively techniques such as impulse response theory
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dose of medication should be taken by the patient. An alarm can be triggered at

that time to alert the patient to take a dose. {f the serum level remains high, an

25 alarm can be triggered to alert the patient not to take the next dose at the

originally prescribed time interval. The pharmacokinetic model can be used in

conjunction with a medication ingestion monitoring system that includes an IEM,

such as that described above. Data from this system can be incorporated into

the model, as well as population data, measured data, and data input by the

30 patient. Utilizing data from multiple sources, a very powerful and accurate tool
can be developed.

In some embodiments, the data gathered by the receiver can be used

directly by the pharmacokinetic model {o determine when a medication was

administered, what medication it was and in what amount. This information can
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As indicated above, embodiments of the invention are characterized in that 20 the event markers are
co-ingested with another composition of matter, e.g., a pharmaceutical composition, food, etc. For
example, the event markers may be employed to track ingesting a pharmaceutical agent, where one
co-administers the marker with the drug of interest. Applications where co-administration of a drug and
marker is of interest include, but are not limited to, clinical studies, 25tjtration of medicine, e.g., blood
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ingested by the end user. Instead%‘\ an end user, the pharmacist or a health care provided may

perform’the SR RARGRG 2085 The n%/r@rmﬂﬁ?‘gﬁﬁiﬁ?d MeARL, $AB MErkeR oD R iMplRARH
compoundegawilvénatediescomrRasiEorR aidheysescevbl dRaidaresedatinpaih en s omprsitian, €.9.,

the manufacturer or producer of a pharmaceutical composition. An example of such compositions
includes tho&8&*G&&ribed in PCT application serial no. 5PCT/US2006/ 016370; the disclosure of which

is herein incorporaig&imypiefesancst the pRaeneddlgRdRAMREEcedEdmeltig inuantioatiare
employed to allow one to look at, on an individual basis, what a given result is with respect to what

drugs an indRitEPRMEKAGY SRS EYRERORRRRY BHIRRRIR IS RACE) tRERE MY HER) d B R ffect.

For examplesomisies gty enopaiRiis iy e60BE6:m egiotrairidmytinfuRhvy BareUHEsAERGHs and
indicators of how the patient

there are multiple different. hsyioﬁ] ical parameters that are monitgred a
is respondin@E}Buth h?re‘%% %éfd th é'ﬂf’éé%ﬁ%rﬁaé? e %ﬁ(a E@d YRPL SR rASrifr can be
assessed inpeysisiahitdingatied @rl dpneoravereofibe pRisiclagiaad dhspasaneiein afidniarest.
Following this assessment, %%us ents can be made accordingly. In this manper, automation may be
employed (AT 15: SLBLIBH AR At e AR S S et B ARSS
undergoing tmeotistidver anffene froamt prtiEer asrdenuseadioprogide el veisonierhibaiatained
physiological parameter data, The resultant gnnotated rea] time data 20 can be used to make
Cotision s HEHBH o RbPRRc AL SBPLdaC P e Ao PR SR RSN
embodimenthen gasing anent{alvazarkedtyatheflEhbyisfeelrdiatediviibrarnsor daiadoigvelnp a
profile for howy a. iven(ﬁt acts, .e.qg., in,terms of a pharmacokinetic and/or pharmacodynamic model.
Sensors are SR LIRBRoy AR T S LRI ARdHE o 1GEFG 8 AVG Bt s R Bt
model. Oncevastiehas the pharmacokinetic model, one can use the dosing event to drive that model
and predict serum drug levels and resppnse. One. might find, as determined from various sensors, that
this patient is not doi t .On t an
s patient s not AU B (FERTA AR SRS B3 B TRED RSk O IR AL RIGER and
say the{evesuch3fstiiedl tgipinatieodradengettimgtow FibreatbmphjahtapatiesedsataRiiglaing well.
This data is then eckg)m K etermination to increase the dosing frequen r increase the dose
at a given d s?%ag %i?g .rTﬁﬁafv%afr%?LsaE%? Fc%%e@@v%?% 889%?0%%5%%%@%15 "l‘l‘ﬁami%g‘ﬂ?it.

model. If the heart rate is going up, and there is no other physiological reason for

it, such as increased activity, then the model can assume that it is going up

because the beta blocker is wearing off.

25 In other embodiments, the actual serum level can be measured directly by

the implanted receiver and used in the model. Many serum level sensors have a

limited number of wells which can be used for measurements. In this case,

several measurements can be taken in the early stages to develop the initial

model parameters. After that, the serum level can be measured periodically and

30 compared to the model estimation. The serum levei can be measured at regular

intervals, or in specific circumstances, such as a time of high uncertainty, or a

time in relation to another event such as the ingestion of a pill. The model can be

adjusted using optimal estimation techniques in order for the model to adjust to

the data. Model fitting techniques are well known in the ari. in one embodiment,
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Where the IEMs are co-administered with a pharmaceutical agent, e.g., as two separate compositions
or a single composition (as described above), the systems of the invention, such as the one shown in
FIG. 12, enable a dynamic feedback and treatment loop of tracking medication timing and levels,
measuring 5 the response to therapy, and recommending altered dosing based on the physiology and
molecular pyofiles of individual ients. For example, a t tic_heart failure. patient .takes
muliple or ST AT, AR Y EHTedtclro P HEdr s AUUHRIc AR b THIAdoThg Bddent
quality of lifRdertFagtenigdiai@pyanEtubtcaitigiaden 9940 heedindneoryoratcliGly) rieflelstars,ip- 10
blockers an diuretii}s{. For %harmagpfu i{:%therag)g' E{g ﬁg effective |F§ IC? rXital that patients adhere to
their prescri %8’?%% eﬁ",’?a ?haﬁﬁ %é'ui S '46SE 2Pt ea'Bﬁ%%ﬁge e, Multiple studies in the
clinical literature d@yongithtaitizat swresthamitt)%ddtElasothanthdl| Hedivithikire patients atfesnot
receiving guideline-recommended therapy, and, of thqse are titrated appropriately, only 40-60%
15 adheére tB%ﬁémgﬁﬁggﬁ%WQﬁ%}smeg?s ﬁg?r{%dﬁgap\ﬁ,%%%rénégf%‘ﬁ?£ canuf)% %n)il}%sr’ggé}or patient
adherence teighepabiyrasn dielheesatecpenitimedabe tiaat baivded odeyapigesiofatptandasungments, to

facilitate the optimization of therapy by physicians. In FIG. 22, system 120 includes.a pharmaceutical
compositiont 131 e SEPHAEEamn SENCA e Aritert  byaesy TP Ceehanct i SRS
"Raisin" in thétfigareystenichvisicionégored tthdeteossigmdicemiteoh éadioa thoan i cthifi sy sfethne will
pharmaceutical composition 121. Implanted receiver 122 alsq includes physiologic sensing capability.
Implanted r &gl\yerq%?)is%gnﬁaﬁéé%gt{'ooﬁgnswrﬁf? dé?g?g ’ana&g(te(r:r?gl FH§§ 1 3? vxlla]{:% rqr?ﬁﬁfﬁ thansmits
the dat# to aeejwectit2dwibriee Ifdanasetesenuiigleediadodiitbe, mgdeb phedefombatithe 25
directed permissions. For example, server may b nfigured to allow a [ regiver. fQ participate
in the patienlpsot‘hr%?alggu Pc%r‘glge?mgﬁ?e?gﬂ%ﬁgl éerl] ri‘r{?tc()aq:)a(‘:’_"e ' s%% na%dg){\\;l\?é %E%é%%%i%éﬁ%#o@ys the
family caregaveetitmoait maarisstiratdre id ssgeateate dvby th e ise rpaticm dvonddide b ubpertviseck to the
patient, as indicate arrow, 126.. The server may. .al figur vide.re 0 directly
to the patienr?, c:ega/? (ﬂr? htef'3 ?osrh%%cﬁ Bgﬁe'r?faa ecr?sq pa érﬁgl\ﬁ%%n %}elsg,gef%%{éa)sgﬁr?&@:f)eeda)%wé?r%f/evglﬂ.
Server 124 smciiisalinferabievyitirzoseaifrgatiheprgfdatactaafi{ éhe: pREMPAgSkiwicIp@dehich can use
data prqcessing alggrithms i, .e.q.welln [ u gl S, S:patient
benchrlir(lgarks, etc., ar{1 %r%v%?é&?é%}%ei Jf%?cgl?é%%m%%%ét%%{}?ﬁjé%‘éﬁt ﬁé%%?o%eg%gggnt, as
indicated byshatewal2bthe réacieataimeasbeinTetite, toelgyistevtsrefabesaiiyrindicative f bowloyed to

obtain an aggre f.infarmatian that i n .and inistrati 9%% example,
one can co%%?ngégtﬁé?ﬁigger{g%&%e%@Ldpel’%%do?ngrtz}%,ﬁ%ﬁ%?‘(@paciggraﬁar? %%g?%ome l?(rsl)é@lbout the
fluid status, thedrsodethibgabatenomaerxanms s drdaritkeintipEnthmiviidimftelp tdhadjtsicthstal
activity of th ject ed to generate a physiological index, such as an activity index.
For instance%év%%ﬁ%ﬁé?:%g%arigt n temperature, heart rate goes up a bit, 10 and respiration speeds
up, whi¢h may be ébmol\tbe avadeintictitied toathkeipdisoni patignicilveaBytealbmtiy this, the
amount of calories.t [ [ ing at [ - rmj t le, a
particular rhy %%@tsré%gﬁgj?geﬁlgﬁé%ui%gﬁ?g%c@ rghg%giggcggﬁlg%g{t?ﬁ[ﬁh}g%%ggﬁs%ﬁé%pﬁlking up
a set of stairgjthrextesnatiegvicrsdanraiter megdehdatacre wettas measaradicigtan auwoithas the

e o e bt CLAIEACHETENdF 8o R Anpedinceriioh 4K b rarbugfladag Ay
index generated from a combination of meastred biomarkers to generate a physiological index useful
for manageraerexesnakedgnitsdoseattiavasssagadaltngrogient ThichRsriatiake B8npHedbmbined

with cargiac gstiofnncs afi5ators (51 20000 IS .0f PYRER AR MERUD Whle GBI R Fombined

with pharmaceutical therapy administration data. In another embodiment, one might find for example

that a particatedtationadbetiphircoasialénsiitmegaiafidncrese ﬂnb@@ﬁt&nﬁt&mﬁfﬁr@ delinge in
the electrocaelfpiamisRf A0S IR S MaarmmRpieqeanelin'dhs Bxralelin abds druo.

and use the information from the receiver to essentially fit 25 ree parameters in that model to give
much more &tcubarpidslisiegietly of idaiemissanntadifabpsebRif the serum of the subject. This
information could b, feg-RACk 1G,8AFICHIEIINRS. YhaRAKI fIAROSINERLPNS SR Co8MIRRIon

information from a sensor that measures uterine contractions (e.g. with a strain gauge) and that also

monito?§ feta¥itishrineltsigsrtheeradientighnrior piesshim @MERNIRIEY MPeetaih®nibvansens, the

subject speqfigdafoumagantialinea!ipeied HRiRg tissexstema nbibe iueiiiRnimambadrananitted to a

location where it iIs combined with data from one or moré additional individuals to provide a collection

of data whicRaéientdhabssitters fram idteeretrivgm Pydeptong algpopwatiest&late. of RisrE19®®br more,
50 or more, 100 g{IRYE. SO MRFSIG pBAMViEHASy patient that has kidney failure, then

adjusted for any other data which is input.
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The composite data can then be manipulated, e.g., categorized according to different criteria, and
made available to one or more different types of groups, e.g., patient groups, health care practitioner
groups, etc., where the manipulation of data may be such as to limit the access of any given group to
the type of data 5 that group can access. For example, data can be collected from 100 different
individuals that are.suffering from the same condition and taking the same medicatian. The data can
b processed and GNFoJBRCS TARERop ey AP SHUAIAAYY rALBR L ot oA it a
pharmaceutiragdosage pegisssedndrgaherabbenlth. Radiant imeonbersted theigrothecaymaeaass this
information and 10 see how their.compliance m tghes with other aﬁient mcgm ers of thgagTroup, and
whether thel SETBGiRYRE baREE T AT GRS I ARHIEP, D lretocs e G,
doctors cantakenbergianiechadcst shdmeodermpotatingbf the composite data to see how their patients

hi I ients of other doct d obtai ful inf | h | pagtient
ospond 10 & 16 AN AARB e W AL AP i o A L BL B RS Bod to the

groups givemadeesato lbezcosposiie alaia. tudiare ecitifiipheti analiiestioaytonshtdmtbut larehrot limited
to: ability to annotate data, chat functionalities, security privijleges, etc. The inventive pharmacokinetic
mocel alowe B Bt PR APLS Bb HE LR PR AL S PeSeREg B0 dfng Berum
levels in thefborlylative @fidhadesilimetmmondebtiaar fretlics or Theashiaentizeskinatidenebet agiven
medication itn theHwbc}délf This dc;ir;[ can ther% b%}us%d to calculamwhen th? neTtﬁ?oseéﬁ)f medication
should be taEléﬁ yetshe Bgﬁ?erﬁt % A& A5 8&@%'@’&% ¥ fine 10 Q¥ érﬁ Bt it ke a
dose. Ilfthe beyodndegelr rearains hglasanedSditaotiycanddnicigperate altottthe paitit nokindgake the

next dose at,the originally prescribed time interval. The rmacokinetic model can.be used i
Conjunction i DRI IGedtaR ROy SEHE B e RIEs L A R el
described aHeterniass hioah ahistisgssmicshilm:lrcohpaldted mdorthésteastel, as well as population
data, measured d and data input by the 30patient. Utilizing data from multiple source very
powerful and aCCl?Iia?tfg f())ozfl%"éﬁctg}eg ’gg?/%l(%%ﬁ cang %gm%cgﬁﬁgg t|treng¥}1 s? fred ’tg%aqat] é.gﬁ?ecr}sféﬁ gy the
receiver carpbhéarded tire cibtdryringnghtirenacgiested rirdied tofdetamsineSiviventheneatieationlivas

administere hat medicatipn it was and in what amount. This.information.can be used tq,calculate
an est:féateg(')?ﬁ/hég %er%gr! ev%l of the Medica |oné|cn)§%e Br}atienﬁ?décéagieo on ﬁgeca C%Eeﬁénc%e%n% level,

the pharmagidanetcokitktican izl dcem aker po tiaelpatiethieo isyakbitimurth db Hietserpatieneliss too
high and is r or above the taxic level. or that the serum level is tQo low and they should 5 take
another cosB RS R B e ol R R T O kR W e
system whidtemgrtiecsedaita fewel théhenplaintesreanger. A simple form of the pharmacokinetic

model can assume, that ry.patient is the same, and use ayer opulation data to. model the
serum level. A mo(iléI1 1%02§§p?§>§ %grfd \rﬁ?)%eaccu'rsat ?ﬁ%‘(?e‘a?c\zfl% ﬁggcitépﬁ]'w gy ?r%ﬂ ?r% othe?
information atexicgtiopdteat pahisiidordes@ntican daninputieccparmedentsutle anadehysiaan, or
gathered by iver. fr i Anpformation t b : ju odel
cluds other R B8 S R et s elRE R L SR o
enzyme leveisrunetaibelisng othdrdagtmesight, and age, among other factors. Information can also be

inputted by the patj t'}?{ﬂﬁ? +8UC if they.. Inggly [Cyi v in.or.dizziness. This
can be used as furﬁéer' ewdenéﬁ% @a%ic!g%eg Ethséug%g ICtions O tﬁggn]éo%dg%t%%rﬁiré)l%\}gléggwa%o be
estimated béigegl Hrephystoloyitegatdinetcrndibsncdesssodpnethes dosreiatskeozat tore Eor

exampig, if ?,p?“%Hdsé?‘kggranﬁea@vgﬁ%;&{gig%ﬂﬁﬁ‘?‘tﬁ@%’%[ﬁf@ raf éhgrg?FS’H%QSftfeeﬂPeaCk built

into the model. If the heart rate is going up, and there is no other physidlogical reason for it, such as
increased atiiviy, heindbeah cdel ke nsyenayeny ishagethgans dbeadseahabvayhioetersiatvearing
off. the same rate. This graph depicts the ideal situation on which prescribed dosing
regimens are based.
FIG. 24 shows a hypothetical graph which depicts a more real world
30 situation, where doses of medication are taken at uneven intervals. Doses are
taken at times 10, 12, 14, 16, and 17. Therapeutic range 18 is bound by toxic
limit 20 and lower limit 22. The serum concentration in this graph rises above
toxic limit 20 and also drops below lower limit 22 due to the uneven dosing times.

The situation in FIG. 24 would be avoided using the pharmacokinetic model. At
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25In other embodiments, the actual serum level can be measured directly by the implanted receiver
and used in the model. Many serum level sensors have a limited number of wells which can be used
for measurements. In this case, several measurements can be taken in the early stages to develop the
initial model parameters. After that, the serum level can be measured periodically and 30 compared to

th del estimatjon., Th level b t lar int L Ori ifi
ciumstands SN TSR E P S B0 25113 thd MRV ) e B KR Pas the
ingestion ofdopdl at hieanthciel. cThd s ywstppteansaictioptbatibattivatiort ttoienthegsinoalddaker the

model to adjust to th ta. Model fitting techniques, are well known in the art.. In one embodiment,
tochnicues SER%Es TS FECRELA AT A SE ERTRBLU S RbIS PR TR (dover
Publications; i 9d)idrersan iddsplayratesl mesfagents thétspestiézety stah basusegéostintiedatzdel to the
measured data. ing some initial data from the individyal patient, the .5 pharmacaokinetic
model can 125 8/ACKE 07t B8 TRAH ROV A Bl 1 HEEB S A= SHAE e AL B cithe s
that gather doddes e oé dakenDuaptiasgienas sewmnewelsemehis renshtethdd, carsgéshehere the
patient is ou fittqﬁd} with a si_;)éstem Whicgerecnords t&e cons&mﬁtionﬁ%edi ations“thetsléstem will know
when the mEFREHGTs We %gﬁeﬁ?gn cENUEEHhAGHE 6n in t0° &8 ejrl}]ng’(fonnvc\)nt e Measured
serum levelshiat fithbepatidel. Adterpiss elyittihéhafonesdBmeon kmiaysgpetcanbeamoulitiodémeéltkcation
administered, can be ingut bcy ah qlth carecfdministrat%i. In Sii% ation \{vhere %h%pgg%nc W uéd not
otherwise r&%‘f\;@%&?t‘ %?.l:', tﬁgoﬁ%/s[ﬁigﬁ% A &RIYENGHEIN Y TR E SRL U 5E performe
specifitally fogéstipurpdsaafigatioesndruataystditrthgilp racoed olvimeticanmeelicatidb M/Haken.
medication ig st Ieeackio @ patient Ll nat b al.sieady, sate gd e geagiion. measired in
the body is nO necessgl’ily Al Cative-of how tha 0053'/ Wil Teatt ARer 2 justing tto the hedication. This
can be accouatesltfox deteemratainAlst, datiesen eastekeentd freraysiempdanbearmopfiguretbito adjust

the model 10,01 stealy siges 20QM08 g Modgl . ijsd (o e inMdalpalignt, § carLbeun on he

tignt

implant devicd I the pa{lenf.mlihe(?nﬁ)aant device tan communicate erelessz%y W%?] external devices to
relay modeltdaenasiilterhasivabadhecpalzot, caclinpsithiapatetits systeimtiesfithdgdesitaksohedule.
The i %Iantac n also send alerts to an external device to send a message to the patient, such as to
take another dose of medication. In some cases, such as if the patient has taken too much medication,
the pharmacokinetithagdelromacekite i medeioctre atisettintebtiigmstionvisitiine moctoroXsd, the
pharmacokifelig nogl o, Pl S LA BBl ctis M alfdRcte: reedisabmghem

Heart Model,” serial number 60/893545, filed March 7, 2007, hereby

incorporated by reference in its entirety. When enough data is incorporated into
20 the model, the model can become predictive of the individual patient. This allows

the physician to experiment with different treatment options on the model instead

of on the patient themselves. For exampie, the physician can study the effect

different medication regimens would have on the patient, and depending on the

results, choose the optimal treatment. All of the data which is gathered by the

3]
L

implant receiver, as well as data from health records, and data input by the
medical staff and the patient themselves can be incorporated directly into the
model.

in an embodiment of the pharmacokinetic model, several free parameters
can be adjusted until the results of the model agree with the measured results in
30 the patient. When the results of the model agree with measured results in the
patient, one can then draw the conclusion that the model is predictive for that
particular patient, and base therapy upon those predictions.

Newly gathered or inputted data can be checked against the model, and
the model can be fitted 1o the new data in order to keep up with changes in the
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In other embodiments, data gathered from a subset of the population 30 which includes the patient
can be used to give an initial model. For instance, a model can be developed which more closely
resembles the drug interactions in a patient that suffers from kidney failure by looking at population
data. This model can then be used as a starting point for any patient that has kidney failure, then

adjusted for any other data which is input. Other medicatio eing taken can greatly affect the
vy the inaRIEHIAEE dre RS LETTIFAR! BOREF AR gD At RO Bnatics

systerg, tr:e gﬁ@ﬁmzfrwhﬂ lmmgmmbanm@ltip@mﬁdic@ﬁ@ms@{)méﬁgigkmtﬁmia@éﬁfé% rtr:odel
accordingly. 5The dynamijc dosjng regimen made possible by the pharmacaokipetic. model can be a
vy valuab 808, o B ErR) L R oR AR e e et GHIRG, A (N ARG H e body
are dependdrtioncanetaeolisny apeWweerfiormulabatfoirid ecinatigsamotgeothstidactpeforenahey

pharmascokigetic model can t%ke these factors into account when determining the serum level of
insulin. Also; ?LWBO’E‘%'[?Q\&F é‘?\ PRI red directly and incorporated into the model. Using this

information, the phEIGagskretitenode depiciteatt dhapatishbwhenbodetesrtingstihkab psweifetcshot of

insulin should be administered. . Th kinetic model Isq.i the sleepi
nabits of (nSRYER Aert SAMING S Eo it RR H caSicHERY 55 ot be

able to admmisisuactiosetiof ImdiGatlenivbilapy aenintihahe; planrmacolinetinanbisl dprdespdrack of
the usual hours thatthrjl atiéat is a§le(ftrpq and useéhis information to dﬁ(tesrmirlleI en doses ihould be
taken to keepite WAL AT RVEIRSHY A NGSSHOAMAS EME- cREQUARH RS R FodSKRiSD (ke

varyingamathietsrvientid®)mttaidatiividoz pesicuspdose, tiat candaneoipdraigdgnéogbreradel. For
example, a patient can be told to take either one or fwo pills depending on current serum level and
over Tactor SEar 008 e HR THBEP KR, AT SR R T 5L (BRMRSRnE > andi
serum level dasgessapdrikertitsicaysy Asotinepidoee ik takewatitnRIG, 26 FI1G. 20 Prdveiesdevel 4
stays within thera euti(‘F raa&ge 8 thrﬁ)u? out. The times that osej,]age takefn $re even[%/ %?aced, and
the decay al e@'g &G Fl%nézf %SSSQ%?§B?§H1%% &th& 1Rk SR HSEh I %scribed
dosing reginénineeetiiasdd hel Glehahowsrotag otRetisial gimph weisbriEpivtathmeesieat iorld 30
situaticirg, where d}gses of r{be%i‘%ation e}re ken at uneven intervals. Doses are taken at times 10, 12,

14, 16, and 27°%% ear%%eem'i r g‘Q“_!L%'1 Ofbund by toxic limit 20 and lower limit 22. The serum
concentration in thiSxpaphesses oy eatopdictiot20imeiddassherdpidvaiayy Ibweeftaitt 20sdasdo the

uneven dosing times. The situation.in FIG., 24 would be avoi %u in tﬂe harmacokinetic model. At
point 14 o Sy N s LoV DAt A HoL SRR . The
system can seitthestirersstheveaexmiarke e pistineuldviedkiom dirsekéyebeccdseced do thmplype tie alerts
can be sent %g%gleassré%ﬁ%n n eitern Otgnitxvgp‘j'cm ca(g\ndis lay m}% énes%age [((/) thg #]aﬁ‘?ﬂ% suc ras a
personal data 5 assis anta}P%a ?,‘ compuefer, V\Pa?Ch, CS”% one, or Sthet davigd" &he Hext dose
should2be tattifieranl fooanienss, rewl meastaperds aieisisnihed; aviththieedfspid ischmeFsage can be
changed acgprdingly,. Th tem will not assume that the patient complies with the message
displayed to?ﬁwée &%%)ﬁaer}]tetﬁé%hgr?ﬁago nln%eﬂcamgglré]q‘segese%qtﬁvgt)urﬁ%rrléj |§e§b\?vll't% g*’gﬂ] er%nw%ﬁch
detects the individual. One knows how many calories the patient is consuming. By obtaining
activity and heart rate and ambient temperature versus body temperature data,
one can calculate how many calories one is expending. As a result, guidance
25 can be provided to the patient as to what foods to eat and when. Non disease
patients may aiso track food ingestion in this manner. For example, athietes
adhering to a strict training diet may employ IEMs to better monitor food ingestion
and the effect of the food ingestion on one or more physiological parameters of
interest.
30 As reviewed in the above discussion, IEM systems of invention find use in
both therapeutic and non-therapeutic applications. in therapeutic applications, the
IEM may or may not be compounded with a pharmaceutically active agent. In

those embodiments where the IEM is compounded with active agent, the
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10 ingestion of medications, the system will record when a medication is taken. Alternatively, when the
estimated or measured serum level rises, the system can make the determination that a dose was
taken. The system can be configured to continue to remind the patient to take a dose until it
determines that a dose was taken. Alternatively, the patient can input data to the system that they
have taken 15a ﬂ}os . The ql?a macokinetic model can be used in conjunction with a more robust
model, suct SE-HARG SRR eI SSHBRRRICH Pl W< RS AnBU R RIBABR G ia
number 60/8xbil, fitenrivissehticaPB0mpwmsitiby.incorporated by reference in its entirety. When
enough datais inc

rporated into 20 the model, the model can become predictive of the individual
patient. This allow Qhé""ﬁ?ﬁysM%@Qﬁ%ﬂ?ﬁ@ﬁ?wﬁ%ﬁ%@ﬁ?ﬁeaﬂﬂeﬁﬁ 1¥fis BB M ePinstead
of on the patienigbeitise et ircudssanlE khanh ysiciaicaagind ysthaeifdstaliie e siggéeation
regimens would have on the patient, and depending on the results, chpose the optimal treatment. All
of the cita WHERTE GAANE G FREE RABRETE KL AR FORORRBINRE MDE T AEGHYEr 8BNS and data
input by the meeaticak stiol gl shfip@iit b thestsel ahcaie Hecid ceguifated. diredthp rolethermaodel.

In an embodiment of theg rmacokjnetic model, several free rameE rs.can be adjysted until the
g by Bl

results of th& ST EFRE MR NERYFIRIOIRIASHPSE RS PisiemMIvARR APL ™ model
agree with noéasdeaiaespitgsiio ithggadittian gacastanTheradiounthi oischdhunithatdtierapdasis
predictive for that particular pagjent, and.base therapy upon those pregdictions. .. ew thered or
putted dat el Bk MRS Sr e TIGUaY ol SEiaae 1 A S order
to keepup vethathethgeeanshinepatreninfutickto wiake dmitidiEmbie acaursject! fithetdaiiingoming in
varies greatlc\{.from what t moﬂ Ig di %s t?ﬁiﬁ may be a sign that something else is going on in the
patient, and AR A3 taN be'ed %a iﬁﬁ% r0‘%‘3( e(ﬂgg% %tcﬁs?ﬁ%e(:an be very powerful in identifying
changes in the patiéhe efonecttidyrordaydiepathoiaivtsiisle syrhateuisiect uslty 2byuwndesiardepiction
of use of an embodimen ?é t?,? F?P/Os“_:&em to Exfr'ow e an stlmal%lon of doge response frgm Iongtudlnal
S.mn

blood pressmg?ﬁagagﬁ?gmen S5 | %a{peps)g?en{?ﬁg gi‘\"‘/’eh iq n%iﬁﬂ%‘%tfg E(ﬁ’rf)rreoss&re trace

with knowledigpengd| iapéstshitinpast(eon., theopdeitbiaafdiEhisydténe aidipbsifiorentian), dbe
individTgxl dorsé%i%%g nse can Re cijg\tleéwgae%gg\ilng eneral Iingf\%modgl §f t?er%hﬁrréac kinetics. An
examplé of ageheral linear model of d0se respo%‘s é‘tolgg))?% %n’cip?gye % 'SRARNTH FIS. 96. FIG.
27 provides wadiepyctdhoofrolifftiams by thelagesinsdogimisiadties, et oty dihdusetitiryseis of

invention (TQ%F erré%rg;[l P%n(%tc?d 'Rfﬁlslljr? is g\ueﬁrsgna% réeia%th reccei)slefeig 15%(\1:6: égancer aW]itkl} the
invention). Xamples 0 Sod app cé&ions cldde th ?oﬁbwﬁg. hCertin |se%1*segcon'iﬁ|ﬁ%hs, such

as diabetes,atrdarebts inspastamisyvhap posatiesisasn @ nojediiems|nAs) s dinstad owsj sretidmeir kiees of the

invention are_keyed or linked to the type of food a patient eats. For.example e _can,have a set of
ot ke A e B S I S e B i R B BRE T o
the resiftantdatzglonedah geeotergleiotiagienivakbaietaiicdideprotile tnassdiexinaduaiiracieekhows how

many calorieg the_patient.|s consuming. tainin V| eart rate and ient t erature
versus bodyeFTS[eém pﬁ&fﬁé@é@ﬁ%rﬁn ér;% f%c%%ﬁégék%v%r%%% (@%‘r?és%oﬂ {?% eg%ﬁéé%ﬁg pks?‘g% esult,
guidance 25tearadenpristéded taitne patieint asmohyiaitcivodstio etiteanghdrermdtoticiigasetyatients

o e e S L B B0l S AR c A oot
physiologicatiemenistetsliy iasemsated Azerevittived in the above discussion, IEM systems of invention
find us§5in The subject methods find use in the treatment of a variety of different
conditions, including disease conditions. The specific disease conditions treatable
by with the subject compositions are as varied as the types of active agents that
can be present in the subject compositions. Thus, disease conditions include, but
are not limited to: cardiovascuiar diseases, celiular proliferative diseases, such as
30  neoplastic diseases, autoimmune diseases, hormonal abnormality diseases,
infectious diseases, pain management, and the like.
By treatment is meant at least an amelioration of the symptoms associated
with the disease condition afflicting the subject, where amelioration is used in a

broad sense to refer to at least a reduction in the magnitude of a parameter, e.g.
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both therapeutic and non-therapeutic applications. In therapeutic applications, the IEM may or may not
be compounded with a pharmaceutically active agent. In those embodiments where the IEM is
compounded with active agent, the resultant compounded composition may be viewed as a
pharma-informatics enabled pharmaceutical composition. In such pharma-informatics

bodi ts, ffecti ] t of {tion that incl IEM and ti ti
acministere SR L AR SR S B B ARG SRR h S BERIH. e Bhective

amount” mepestmeantagsosiittiaat teifuativies hRatesited rethticgigatrdnpitve menkinieadisease
condition or the symptoms associated therewith, the accomplishment qgf a desired physiolpgical
Change, ete YD IR AS S A FTEHAICa A, SOOI G B B 11 e BLRN P e e
amount. A "Hegsppaliisady efferibe Egamamitiarehnsutie faouw hatbjedhenadngreistutidro a
subject for treating a disease, is sufficient to effect treatment for that disease. The composition
oy e e TS 5 e QO CERIo o S L ST T DR e Mirec
result, wheredtieohshivalstcaidiioro e ctegingly, drdeaisigh pattreaiienpasfieutisdagpanoltdies
composition, e.g., as 15 reviewed ahove. As reviewed above, the compositions can be formatted into a
Sty TR B 5 e M T R A e
liquid, such gs:talieisseapstiidseponaieyet gsapetsncintneaksitsiolsionstosup psfsttesiedisubénjections.

As such, administration of the compgositions can be achieved in various .ways, including, but.pot limited
tor oral, 20 IRIGELY RS, NSRBI AR e fen PUTER, (ARG, (A, o
adminiiraticevisigiraemceutealidg satiefitnons, thegivgmstompositisideralfast adfmthistdieshglone or in

combination with other pharmaceutically active compounds, e.g., which may .also be compositions
naving siond NGRSO LA e PSR o BOE L Sell e CISSHRE LB oL HEGEINT e im the
treatment ofthevdiseiysaf) ditarthe parplitessofitlsdime ke "divebtel i sndindepeailc disease
conditions treatablinb W'thI r;[he ?ﬁbée'% cqmpﬁsition%ari as \{ﬁggd as th§ %/&ﬁg %f a%tci)\\/le a ?nts that
can be present in the i J%ct &6t 8 S|t|£3>r|]1"$°'."lt ﬁs?’al B BN AtonE T At e, Xt 8Nt IiRifed to:
cardiovasculaethsdaseSzaiadang eoieeasee chodiitms, sirh ageB@nenpEasiedimadst ofdutammune
diseas?ss, horm%nal akrnorrgéﬁ:igé (iiiseasres,r infec%(?us iseaégs pain qhan%%qmﬁnt aqd tQSrmé?- By
treatment is Heant at le3S Ameligration 1K 3%1 OR8PS W h?hg%ﬁSeage condition
afflicting thelsnbgact2wieens amddiogatioh igassddn bhgead senSkh safgetd atddastis neaydion in the

magnitude of a{aarameter, e.rc_’gIJ sgtnégtom associated with the %ﬁ}hol gi ISI condition belnrcljl e;[Sated. As

tr
such, treatmen. a‘?!%‘?nc'f‘ua%% ua{lonswv'vtner%nt%eoﬁatwglrgagicaé:i ¢6Rdttio ,graastelegls?nseﬁptgr%

associated therewils, aee gonghdeteds iimmitiéttok ebpgEe venteddotsm ihappetimgp smBtoppédt aag .

terminated, such that the subé ct no Ionlger sg{'(f)ec{s 5 from.the Ipathol tgr(éj]a%lc ndItIOI‘][,oOI’ t least the

symptoms t@?gﬁgﬁﬂfgﬁzgl{ e ggtﬂ%%g%}cg[ con &?oﬁ’.ar%'@é:rd?r?&r&? af |ﬁdpgl‘nq?ea r%%h?‘ %‘f a

diseasglincliitesypee \anting thieldsedise Erencsenegigerenfanianaktiety noddiftepeatiidsesse to the
disease but §§3it’i‘8x2 %eét%xperience or exhibit symptoms of the disease (prophylactic treatment),
inhibiting the disease (slowing or arresting its

In certain embodiments, the methods include modulating a therapeutic

regimen based data obtained from the compositions. For example, data may be

obtained which includes information about patient compliance with a prescribed

25 therapeutic regimen. This data, with or without additional physiological data, e.g.,

obtained using one or more sensors, such as the sensor devices described

above, may be employed, e.g., with appropriate decision tools as desired, to

make determinations of whether a given treatment regimen should be maintained

or modified in some way, e.g., by modification of a medication regimen and/or

30 implant activity regimen. As such, methods of invention include methods in which

a therapeutic regimen is modified based on signais obtained from the
composition(s).

In certain embodiments, also provided are methods of determining the

history of a composition of the invention, where the composition includes an
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10 development), providing relief from the symptoms or side-effects of the disease (including palliative
treatment), and relieving the disease (causing regression of the disease). For the purposes of this
invention, a "disease" includes pain. In certain embodiments, the subject methods, as described
above, are methods of managing a disease condition e.g., over an extended period of time, 15 such

as 1 week or lan onth, er, 6 months ear or longe ears or longer, 5
years or Ion88$ g Qﬁq é)&'ﬁl?é%ﬁ@&rﬂ? % nﬁ%@ﬂgﬁﬂﬁftﬂq&@% VT}/BWe‘EﬂIH%rg'additional
disease managememmommw guhslectmetlmmm beset pm@gﬂallnma@b@wwlm cipease
management such p Is cardlg%_fres%Fchromz |oné)rotoc Is, etct 20I|feng/ such a
diet and/or é& %é‘& é&% Bfe ?fet&?o 2%t se BYndintRY t8f © If'ﬁrcé
embodlmentstéhegaeﬁmdl@vmcte mdmalmmem@uwaemegﬂmaedmﬁaeabmm ffom the
compositions. For exam dat be_ obtained ch includes jnformation about patie

compliance aﬁ% ?HFSSEP ﬁf@ﬂcfgfﬂgg 3598 r@Bf?Hgv ?h&oga?gs\mﬂ’oﬁﬁrthéﬂya%ltﬁ
physmlogma:lukitm{yegtc obtained using one or more sensors, such as the sensor devices descrlbed

bove, b d h d d, t ke det ti f
ahether & o1l SR RERnaISIE M AT BIPE i ah TEOR AR & FUgPE

modificationdlﬁ@rade:Mwmrgglmen aadiéod BinntplBM Sclviy nwmémt:ﬁetslmsmtbﬂdmé invention
include metho h athera utlcr glmen IS d|f|ed based on signals. gbtaj rom, the
composition ésjq W rtgfﬁ M é‘&ﬂﬂ% arggrg gedRrE: n?(ﬂ[ﬁedg%%‘g@mﬁm% mgtory of a
compdsﬂtiondriritthet|mEMH|mnawlbere:<blmﬁg1mle\@d8|tmwmdeiwlagumttialﬂeig'tgmam @lgntiﬁm&rtement
and a pharn,? ceutlcalg/r%cce &etcarrleb IIB certzln emb epts g{b re the iden E r emits a signal
in response {6 anInfaTrOgaYior: tHe: IAeHERaPIS it %’&%t‘é et . Sr%g(% RN
interrogatiorflémasy tof Mtarslghﬁieﬁl@mmwm@ etgendara;ﬂeareen:t'pl@ddrtcsﬁdbtem nadystorical
information abouyt the.com osm e ch in ofc tc. In certain.embodiment

cystem is oy T aae oo AR A SR NP e U AR 3 or
more dlstlndlhlEl\s@n:abram(aedjfﬁmﬁIlﬁmletogurwwal@aﬁ sitenoeeg 7 avineoee eHlor FaMeidistinct
IEMs. T e i tI S may.be, confi |de habl Sl nals, e.g., where the
signals gr:1ay("§"%i](l)§5 |r81gu't|_:(s)|\r/:b Ie#%\lt%trenas é?na U o 2‘"9%118?"&% 091“%% r%' oﬁlﬁw %’%‘? "&nfilsion of
the signal, efucsﬂﬁrl\éxammﬂeammm maitbh sasopay mtmdﬁwemtbecedeﬂmgual Attdrdatively,
each IEM may Ce“?é)éréégunreﬁ to em ?es naI at targg{%ﬁ lO|C;% (ial t?ﬁgelta \i#wg etg ﬁtxﬁ%te:z |\e/|ai§h

IEM is 15 configure e aCtIVn}%d at a ren yS| ogl e e.g.,
activated in $hemagts, atevatithis a:hﬁeaeed Id|$hagasepabgnleM$mfm:§s actyvatedinvdresmafl

intestine angiafé%ﬁh Iéfﬂ%‘% (ﬂEg n&the large gtevsV re?”esour%' ﬁets 08|e |ff%eﬁre §bg itlfg&shable

IEMs find use In a vari féren pchaPoris or example Wheré one h ove cribed 4
IEM 20 set, one can use the set in a diagnostic application to determine function of the

digestive system, e.g., motility through the digestive tract, gastric emptying etc.
For example, by noting when each IEM emits its respective signal, a plot of signal
time may be generated from which information regarding digestive tract
functioning may be obtained.

o)
th

The present invention provides the clinician an important new tool in their
therapeutic armamentarium: automatic detection and identification of
pharmaceutical agents actually delivered into the body. The applications of this
new information device and system are muiti-fold. Applications include, but are
not limited to: (1) monitoring patient compliance with prescribed therapeutic
30  regimens; (2) tailoring therapeutic regimens based on patient compliance; (3)
monitoring patient compliance in clinical trials; (4) monitoring usage of controlied
substances; and the like. Each of these different iliustrative applications is

reviewed in greater detail below in copending PCT Application Serial No.
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20 set, one can use the set in a diagnostic application to determine function of the digestive system,
e.g., motility through the digestive tract, gastric emptying etc. For example, by noting when each IEM
emits its respective signal, a plot of signal time may be generated from which information regarding
digestive tract functioning may be obtained. 25The present invention provides the clinician an
important n ' irt eutic armamentarium; automatic detection and identificatiqgn of
pharmaceu%ﬁ%éﬁé@@ﬁﬁ eli\?gﬁedqﬁg(fﬁgrﬁoo?;. ™ %pﬂﬁatf&?{?'& AR AR mEon device
and systemrafemsndi-fold. Applications include, but are not limited to: (1) monitoring patient
compliance with prescribed therapeutic 30 regimenps; (2) tailgring therapeytic regimens hased on
patient compliance?%éj{mgﬂftgﬂﬁ 4 Léﬁ@ﬁt'eo%%r&g pﬁﬁ‘l:gaﬁ#’ltzﬁ@s(f ﬁ]b’ﬁﬁ ﬁ&‘ﬁ%‘ 8%t
controlled sdbstaiteas; imndtike liRaterachof tBmdiBeretivdlugisalbaspplitalbizhisisevienad in
greaterédetail below i %oBendg? PCT ?pplication Ser‘il No. PCT/US2006/016370; the disclosure of
which i heHQﬁ"ﬁ?@J?g% ated By Fererende” ex%aﬁo ?a%ﬁ?i'g iGHS YR Whidth %Hﬁj%%t[gy@tems find
use include hedie al e Snfdradaiion . Scdtatenhiiatién8 0y Stafinthevdiskloperenit whicivio Haeintie
incorporated by reference. For example, the subject syste y be used,in g medical infqrmation
communicalSH Sy L A TR RO AR B AG h Bare AR ap B RS bR FRsth vice
(IMD) implaptitatitmoaifoothy dha hatétht ofnibeitpatigriheahdabthrefribizyatieiNeand/ar tiesmatgly
delivering at'g]%a%)ﬁgi th? atien trtrjgl)u%}%le e |MD. Ari%lal.receiv of the inyention, e.q., in.an 10
external format's S paN of'ifn ted RPHNA : SoriMEhidhie S WiKSRE T Sha 12 %bable of
bi-direttionadxdemaiuitoatdrsudth ascanmawmotaiatmnimpinisd ioobit eiepnanicated ovithPisonal
Data Assist PgﬁA I?Scact;%d %Jltgido% th?_ &gtietpgﬁ od ”'II' he gpés 2m ma hcomprise the IMD, the signal
receiver with the Eommunication modufd Shaora mopie Pé'llép gHehnlior aaPE)OAr,‘g“ig‘?g e

computer systatnleand anoiriten beliephionss yatdiorcap &ales ohbi- dieeti drssistamimifiostidocatbere the
communicat %@SmqulegtF}e mc&bﬁg&el%one nd/or the PDA are %aeoﬁw f rece|V|rilge|nformatlon

e ba Sys may comprise t e s1an celver
from the IMDOF re‘?ayln Tformanon thereto Yia the s@’na?re eiver, Which is Int&rARPor extemal to the

patient, as resievibd almormi2idatditionaddyplicatidos @ wiobilecdephord thadfvestidGtDAayafind use
includebut ar t limited.to: fertjlity monijtoring, body. fat.monitaring, satiety manitoring, satiety
r%o§ \;:ocin%rﬁutgr SYS e%’%%d% ShAtinic hon sg%g@n%ag eb¥e.o?%-dsr§%tl&t&ﬁw

Yotal ¥
control, total bloo ume momnmtorin olesterol monitoring, etecting, etc. PUTER
READABL EciEDM &RROGRhekM e tmuretiaication ododeatds titecrapsitantéletterriachrd#eran

element for I I ata storage el nt..where this el ntis_present Qn an gxternal
ovioe o A B o R R S B e B B e
computer retiddible wiadthe. Sigveaieracépaenputieicte islable r3@ inwrdexteras! uke thee mtieefemsto any

storage or trl%%émaai%% gql%dium that
20 Additional applications in which receivers of the invention may find use
include, but are not limited to: fertility monitoring, body fat monitoring, satiety
monitoring, satliety control, total blood volume monitoring, cholesterol monitoring,

smoking detecting, etc.

25  COMPUTER READABLE MEDIA & PROGRAMMING
In certain embodiments, the system further includes an element for storing
data, i.e., a data storage element, where this element is present on an external
device, such as a bedside monitor, PDA, smart phone, etc. Typically, the data
storage element is a computer readable medium. The term "computer readable
30 medium” as used herein refers to any storage or transmission medium that
participates in providing instructions and/or data to a computer for execution
and/or processing. Exampies of storage media include floppy disks, magnetic
tape, CD-ROM, a hard disk drive, a ROM or integrated circuit, a magneto-optical
disk, or a computer readable card such as a PCMCIA card and the like, whether
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participates in providing instructions and/or data to a computer for execution and/or processing.
Examples of storage media include floppy disks, magnetic tape, CD-ROM, a hard disk drive, a ROM or
integrated circuit, a magneto-optical disk, or a computer readable card such as a PCMCIA card and
the like, whether or not such devices are internal or external to the computer. A file containing

information ma d on computer readable med| ere "stori ns recordin
formation BL1Ph STV GRS AT AHIE O8] ORI B s S BBt ArtIF RRLAEPct o
computer remdahlmmmlmayoetsmanmtea’memwmmjws t@mmywﬂmtmsrpewhar@msﬂaanganent
memory is nat erased by termination fthe electrical sup to a uter or mputer
hard-drive Fwﬁ\ﬁr{?ere fél 9&'&‘% Oﬂrﬁ?&ﬁﬁﬁ%ﬁ’tow efl Bﬂyr 8&,‘{&%@ ;\’}(1)33 ?PS%{II
examples oﬂmntanawtcmmpotar RWtﬂoneépeeBdeemm(&AMhWEemm dhemgramanent
memoryé. Afile in e;m memo 10m be edltabtﬁﬂﬁ r? re-writable. The mvcintlon also

provide comr?m 5{5 % IHSH‘ '3 pﬁFB‘EﬁH "tBF‘BS%FH‘ﬁHB’EHéSaBB &R ods, e.g.,
for program bunmtheriabdnren‘ether eﬁadmlabrscxpmlpotteratsanfrttpw’wstmﬁpﬂihemn pCemexesutable

instructions resen rea ab edlu cordln tion provides a
computer re fje gﬁe&%ﬁcg #%Appc?grg fi’g? ftﬂ W%ﬂ% ngeiﬁéﬁg{c&%ﬁ é?@ nal
generated bgruicDMDoatearabf m:mpmmcuﬁ peymasaryiavestdapoRandofs Aockssn Melrtmmy
embodimen;ﬁ}{vﬁ stems wgclucie oge or maore of: a T(ljata storagt%brf?ent a data processing element,
a data displ ?‘nénfl & TP A nRYBS Tanght, THER A dth ﬁfg?ﬁ 35’8 DRI Mterface.
Theseladditoagl Eierdéatderanydbe-nciabéeated into the receiver and/or present on an external device,

e.g., a device conngﬁred for R{l%%es‘sdng data and maklng %emsmgg f rdlngrtdat to a remote
location which provides e act|V|t|es el %\gqﬁ% apov Ler® d,; 4 ?&ﬁeé' ifi' terms of

commun|catmogzatwamgamupaﬁhnmmmmmabdsmgsltfm amgaamnengalthbl@mdlver the

systems are ngé 89 I|m|te§l Iqh a broader sense, ? sxsteéns are c osc?odmOf t¥vo or more gtfferent
modules that communicate With each ¢ cﬁﬁer €.g., using § thd Bansmitter/rSCe Vel fun&iSHaltes as

reviewed abiostuettpnasiag theesenbpote 80 ¢cranpuigtreréadadatenadjustrudicmesdisglesdiieed

above: 85 Syl RRdLE WIS NI S RRIRG IR SR AR Rl rorent

in detecting and processing a signal generated by a composition of the invention,
e.g., as reviewed above.

As such, in certain embodiments the systems include one or more of. a
data storage element, a data processing element, a data dispiay element, data

20 transmission element, a notification mechanism, and a user interface. These
additional elements may be incorporated into the receiver and/or present on an
external device, e.g., a device configured for processing data and making
decisions, forwarding data to a remote location which provides such activities,
etc.

25 The above described systems are reviewed in terms of communication
between an identifier on a pharmaceutical composition and a receiver. However,
the systems are not so limited. In a broader sense, the systems are composed of
two or more different modules that communicate with each other, e.g., using the
transmitter/receiver functionalities as reviewed above, e.g., using the monopole

30 transmitter (e.g., antenna) structures as described above. As such, the above
identifier elements may be incorporated into any of a plurality of different devices,
e.g., o provide a communications system between two self-powered devices in
the body, where the self-powered devices may be sensors, data receivers and

storage elements, effectors, etc. In an exemplary sysiem, one of these devices
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e.g., to provide a communications system between two self-powered devices in the body, where the
self-powered devices may be sensors, data receivers and storage elements, effectors, etc. In an
exemplary system, one of these devices may be a sensor and the other may be a communication hub
for communication to the outside world. This inventive embodiment may take a number of forms.

There can be many sensors, many.senders and one receiver. They ca ‘H?R? transceivers so, both of

e cam 0B T SCERIRR: AT BT SO g O OHARRL G Pt GO BEALOTh cortain

embodiments, the ogside oot mThisaltiee hidte/esnbibeitientinagr taikelivdiahdevieg Sasnie mono

polar system, e.g., as described above. In these embodiments, each of these sepders may be
SHETE s b

configured Haﬁ@yaﬁﬁaﬁqféql%ﬂw §8H ?fﬁtoa@% 888yr3§ﬁ8%rm %Y)o?@rbmg
charge into tradsudivérhedbdthwbicthésa tangeake capacisenaitthoateh deesivinghacnding ta
monopaqle receiver is detectingﬁﬁi that fre@;e cy i?_ée ch%raq'e goin ir&o ar%ouﬁ%the bod%;ez%d
decoding a gﬁmpt%%@Hg‘ ad ?ﬁgﬁitu Mo Qte&@\%ﬂ I8¢ qu ym%ﬁﬁ ted signal.
This embodirnanhahibatipredestivegantien tvas broaddsasdivieiuenadeniecmibtifiie senserporir be
placed and implanted on varipus parts of the body that measure 15position. or acceleration. Without
aing vire S LRt B AR AP EE; ST AR A AR AR agders
communicatioayediconfiglif€dAlsaakevidats sgeridindos priagtidiegibecubigaanitivotis Kidsiynay
include 20 components of the IEM systems of the inventjon, e. ne or more, IEMs. (including sets of
distinguishaHFéﬁ%l\ﬁsf?Bﬂg%@ﬁw&%ﬁfégeﬁ;ﬁg% {HFPd a0 rﬁgfo%fvi%g g@?yaé’v@é%r&ri'éea XB@% In
addition) theckipmoitay areiua e omductonofée osegieanm posiiops|eergcaiver isadistartinatias teaabled
dosage conwgsgionng %gorﬂ Psitions to be co- dmi{;isft? ed, wit e‘%?ﬂﬁ!ng Tge dosa%e amount of the_
one 25 or moré’pﬁar acol%g cgﬁaas\%% 5} % Waki a?% TR fngszfﬁ'g @33&?8 tion or
for multiple appimatook. dcavdamgplitideertaid datbd dBigealsa@f fregsenegtrkitsialsied sidoshge
amount of a.pharmacological agent is present and.in certain other embodiments multiple dosage
amounts of 1 DR E0H Sk qBr SHBSPEL BT Pk Tt e e L AR UM R e
dosage amaetis@® obphmemimdgral agpiEnmdbmeyrivepacdsed ihatsioyl¢hainteasure.g., a
single tube, bottle. vial, and the like, or,ane or more dosage amounis may be indjvidually packaged
Such et cobonon B Aol R T g R SO, e o e
means for delivecgroneicate theiphévmeadaodgical adeatsdamansuigatiomayedisorbe provided in a
subject kit. The particular delivery means provided in a kit is dictated by the particular pharmacological
agent employed, as describe above, e.g., the particular form of the agent such as whether the 5
pharmacolodita agent is formulated into preparations in solid, semi solid, liquid or gaseous forms,
such as tablets, capsules, po (s, aranules, ointments. solutions, suppositoges, injections, inhalants
and aerosols, and g‘%%ﬂé’%}%dﬁg%g(rﬁ%ﬁ arr%%c €0 a%r%iﬁ%fﬂlg E)rﬂn 5 tﬁg Saig%g\%, rgégy , Whether oral,
buccalvectaiopamentatal, dfttieeritoe slysteradenhdhdransedetionl, mgaches, etc.nAaeortihigdy,

10certain sygiemaimgosdis! 4t LR AHERRALYL FRRASA B INTRirk Ve RBREN 2 third external
device, etc., as described above. In addition, the kits may include one or more
dosage compositions, e.g., pharma-informatics enabled dosage compositions or

compositions to be co-administered with an IEM. The dosage amount of the one

[
hn

or more pharmacological agents provided in a kit may be sufficient for a single
application or for multiple applications. Accordingly, in certain embodiments of the
subject kits a single dosage amount of a pharmacological agent is present and in
certain other embodiments multiple dosage amounts of a pharmacological agent
may be present in a kit. In those embodiments having multiple dosage amounts
30  of pharmacological agent, such may be packaged in a single container, e.q., a
single tube, bottie, vial, and the like, or one or more dosage amounts may be
individually packaged such that certain kits may have more than one container of

a pharmacological agent.
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tubing, electrode, etc. In certain embodiments, the kits may also include an external monitor
device, e.g., as described above, which may provide for communication with a remote location, e.g., a
doctor's office, a central facility etc., which obtains and 15processes data obtained about the usage of
the composition. In certain embodiments, the kits may include a smart parenteral delivery system

that provides specffic identification and detection of parenteral beneficia ts,0 ficial agents
taken into the bod§ %ﬁ%ﬁ&h%ﬁ?éﬁ%[h ﬁﬁé\f%'rn gxgpr‘%pl%t hr%rl?gﬁ ﬁg%%éiai[&s%}r% eﬂ%r@%, or other
device that sdinjémistersy28lste theineosidddaidasstbjedtinkdo pEmelipgdipplaatiaisenaneans

PCT/U52007/015547 filed .July 6,.2007 and titled :'Smart Parenter. inistrati " the
disclosure o‘?’mﬁ‘a‘ﬁ |§rh3r%'| l?n%‘g%gefgtg& yer8§e%:r'fcl:aer. %%rrsﬂabgjce%@%f r%ggft/3 rgls%qﬁgﬁ%eéqﬁgtructions
for how to pdesticib¢ha2seybiegt, nibeh qebrticitay thercompdhenagehthedih Tae inbetistiotkemay be
recorded on a suitable recording medium or, substrate. For example, the instructio a printed on
a substrate P R'a& 8%‘5@ {)? 8%‘% i‘cs, gj Em,&'lsag%%sﬁnﬁeo t t?%%ﬁgrr% may ﬁg’p%ggn%?}l@hg E(sj asa
package insert gastraukalfeling ofsihehc @staiablets, thmgiulesoppogenss hrreokg.c olatsetitted with

the packaging,30_or sub-packaqging) etc. In other embodiment instructi pr. san
electronic slsoa;é’é(')g B %Sr’gg%ﬁ oK gﬁﬁg%@”&%ﬁu ezraf‘cga g%%@%rgégor{ﬁ%c%?%, %&g%g-ROM,
diskette, etepantipetartmeodentiodidministritmacfidhinsgectoagarevhetipreseat ihubheakitfétiameans for
obtaining the instructions,from a remote source. e.g, via the inter rovide le of this
em bodimenP?sr%nlt( rﬂﬁa{qtﬁgﬁe gg %ev?/%b'ni(r]aaéggge\llhterrae%ﬁig{r@%?urlﬁfgﬁqs{@:ea%r%‘ t\)ée%%\v(\%é @1@%& from
which the instmistiorsystamise mawniociddd. Assaugiptiséanstrppiicatomisyicgss fbVohagisgthe

instructions 1;szbré%core %gtlgn 48 seL{itabIe substrate. 5Some or all components of the subject kits may be
packaged in Rt L pac?<agingcfo maintain sterility. In many embodiments of the subject kits, the

components of thel.hitcmﬂainotagmﬁimarkﬁ,cﬁn&akiimenﬁel@@ﬁmlmgm @@éﬂ@hﬁﬂ?ﬁim’fd!ed unit,
where the ki CORaIIENL S GEENLED ABAUONANRIPINHT BIHFLSIIP U ANTIRLBAERS A Artioht

container, e.Q’, e turter preserve erifity of some’o the components of the Kit. Itis to
be understoazhibte loisativenea isndotitoitedffigearacesntesh facityeats. dedutbeeht@insuandnay vary.
It is alsQ to be understong. he termi .1 purpose of describing particular
emboi%nen?g%%?fggﬁc?o éan%ﬁr%fegﬁ&%t@ﬁé%ﬂ%n%%%g?gﬁ%%t?\é%éggéﬁgﬁthe present invention 15will be
limited only by the pperidad emimgimentyhtire kitaumayonelisss & gravidparenteia dighuesy that

cach InterveQafiRitie: Blrder A KhhaRdRNaTd BlUplists S SRINRTLFIBRHY UEIRtes

otherwise, between the upper and fower at range and any other stated or intervening value in
that stated raggetssenbemgicistdgihta ttakeventiprtheo medyuppeughd dbesr meitsasichéae smaller

ranges may in d incl i er. iSOG within the
invention, sm%j%%?pﬁog aﬁ% @i#@%ﬁ%%ié?u%é%@%hlﬁeg %ﬁi{gg %ﬁg&ﬂ\%\?ﬁg%e the sat%?gg E%%%e
includ@$ onenedicitteof tisedimitsasangiasesibrdlingreitherremstingof RBECRIERIYe SRRk aftCalso

included in tp%ipw@&%qggjgﬁs ﬁg@ed‘jBWerwis&Z@éI?techg:al aichsciestificiterpis. usgildperein

Administration System"; the disciosure of which is herein incorporated by
reference.

The subject kits may also include instructions for how to practice the

25 subject methods using the components of the kit. The instructions may be

recorded on a suitable recording medium or substrate. For example, the

instructions may be printed on a substrate, such as paper or plastic, etc. As such,

the instructions may be present in the kits as a package insert, in the labeling of

the container of the kit or components thereof (i.e., associated with the packaging

30  or sub-packaging) etc. In other embodiments, the instructions are present as an

electronic storage data file present on a suitable computer readable storage

medium, e.g. CD-ROM, diskette, etc. In yet other embodiments, the actual

instructions are not present in the kit, but means for obtaining the instructions

from a remote source, e.g. via the internet, are provided. An example of this
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have the same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although any 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 methods
and materials are 30 now described. All publications and patents cited in this specification are
herein incorporated by reference, as. it egch individual §Iicatio r paten ifically and
individually \%HR%%&B%B%'S iﬂé%%ﬁo? & u)t} ?g’féarevﬁ%% g# e ir\ﬁvr;r(‘)%f)%?é[%é%gg?nl%@grg eréér)l%e to
disclose angidagttimthiernfethodstiok/dhemiatstriattionsocar ctien datnidsdedhefsublitiatithes are
cited. The citation of any publication s for,its disclosure pri e fili SEO Iw be
construed a’?ﬁﬁ%ﬁﬂi‘%i&%%h@? nespféersgrt#?ﬁi\‘}g ?@r;éis‘r%’(g{)lfecﬁ?t gdl%opégﬁ%?ﬁgrgac éﬁfblca lon by
virtue of priguinsteateon. Further, the dates of publication provided may be different from the actual
publication dates which may need to be independently confirmed. It ] hat, d herein
and in r%e appendecﬁJ rgrgir%zé’aﬂ]gosm g%rpaGr grrﬁiﬂ}fﬁa%%,%atnlgﬂth%wngﬁé} g%%%ée ergtlrﬁ[tsg t?J%Iess the
context clegpiyofiistyntes tothearisainitstefilithe tmotexhthanthedixemdsnal bedautoieitokdtecldbe 10 any
optional element. As such,this statement is,intended t. V. d s, for of_such
exclusive teﬁ%ri'ﬂ%?c?gey % ngq’é?ys,m o%ﬁ?/" %%%(%%éﬁ(ﬁ né)c%ﬁrng):ﬁgan witqﬁhg %ﬁ?ﬁti&?oﬁgﬁaﬁr&
elements, osingpeof @asilyghtavelidhitatipnwherasthell kit apptatmbenthetsersfrdkilbig théext apon
reading this disclosure, each of the individual e i S |b l|lustrate inhas
discrete 15 8‘8%8888%? §ﬁ§l¥é%tume%yw%ﬁcﬁé)(arﬁ%%%ga%ﬁy @eﬁ@ﬁgtg Yﬁ%&% (%c‘) b?rﬁ%%vﬁ the
featura$ of prgsHrietbthstesititecd|samisodinl mbthétitomplepaintin gfftba khie scope or spirit of the
present invention. Any recited m tﬁ b rjed out i orde regited arinany other
order which is Iogiﬁalléﬁc?ss%le?i %%lf%a#{hﬁq%c?re@gnb%n%%%n%aé {s\g{’rﬁ %%:%cri sé%n some detalil
by 20 way oéifibsiimentardeesdbgsle dor uahosey obcarity & alsdetsthadimgiarstoeddigtdpparent to

those of ordjnary skill | r5. in ligh ' ofthjs. j nd
modification{se?rﬁ{yﬁ(ﬁéqg%%ﬁé%%ggﬁﬁggmﬁa%e&%%oﬁ lghéeé %ﬁ%‘?j@g éfﬁ)g%gﬁﬁﬁa%%@r%ﬁetﬁ claims.
Accordingly othig, predeidimp histendédido diedithitipginsiptss blaissopaenfiche 28gsailt bwvaphesciated
that those skilled in: t Vi I ' FlQus arrangements which, although not explicitly
descri§§d olr&éﬁgv%/ﬁlwe&%{n?\?g%%%ﬁglgt%g%f)%ﬁé%?egs@dﬁ%e invention and are included within its spirit and
scope. FurthermordVhtrexamarige ahdaloasiioned videdh és reciesteodithatepandpanyeaneaded to

aid the readeg jnndrsianding e 2rpsRleal I6edovrRiamad ihe W cansentsfpriituted by the
inventors to turthéring the art, and are to be construed as being without limitation to Such specifically
recited exangitensise coattitenst Motppesand deaterints ¢letieat raosia@pl M ashasséatedand

bodi t ' ti ifi ' both
Ciutura) a1 e e e ST ARl T e e S ot alR lude

both ciftentJHenoupperdndldoweintnatisivefciesee veisiad irapaesitinayi. idgngrienintde
developed that,padar SF\I% %?ﬁ%ﬂé&l r}g&:‘@gsr%g@r dgsS P Ecb i 4% FORRRIATIIE pressR{nvention,

therefore, is not intende Imite the exemplary embodiments shown and 5described herein.

Rather, the stipecarid epiispepiterii exelnded itreinbothedsigtak ransendddhasmibe stated
range includes one or both of the limits, ranges excluding either or both of those
included limits are also included in the invention.

25 Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the
art to which this invention belongs. Although any methods and materials similar
or equivalent to those described herein can also be used in the practice or testing
of the present invention, representative iliustrative methods and materials are

30  now described.

Al publications and patents cited in this specification are herein
incorporated by reference as if each individual publication or patent were
specifically and individually indicated to be incorporated by reference and are
incorporated herein by reference to disclose and describe the methods and/or
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WHAT IS CLAIMED IS: 1. A system comprising: an ingestible event marker composition that is
activated by contacting a target physiological site and does not include an active agent; a signal
receiver configured to receive a signal produced by said ingestible event marker, wherein said receiver
is sized to be stably associated with a living subject in a manner that does not substantially impact

movement of s{aud Irvrnlg sub ethb‘-“{ZP. ;’SIg \r?x] &mtﬁg orgll%% %on:\":}% ]C’I \ggre g %wgltlmf;%wnses an

integrated drelit RS ING04EsS a genera bIo a power source functional
block. 3. Thmbksﬁmscﬁn:dﬂsgﬁecﬂﬁamre@mﬂrdmhﬂsélmmvﬁemthldemekatwﬁprrses first

and second d|SS|m|IaC{ electrodeng{a ﬁ“agsregeﬂth?n%uﬁ& agc rglfng gmgbarpa (%e g&ﬁi‘ first and

second elecirode niatehars are present rent surfaces o 8 soli support |nc es said
integrated opehlicafionheysyisteenafquiodimyem @aint Gt rthia siate&ghaluielmmncpmpdeds at least

one elegtroqs ol ST 3658109 LIaIMLUSISIn sLsgldecRider Amprie e

electrodes. Ster Accor aim erein sai |gnal recelver er comprises a
power genenwdieneeiéemiytccmﬁhreesystem according to Claim 1, Whereln said srgnal receiver further

comprises a data S orag‘% %Igrﬂle t. a9)s Lll"g §yﬁ%he@@%%o&qwqht8 g) g to rkeé here| g{@l dElecerver

further comprises a pRySio ogrca SENsor. € system accor arm
physiologicdbsmssdals canfigared T‘d‘lpromdwdata)hﬁldctmiefrenﬁther@@@aptbénmﬂt@(bfcmp(ratron,

heart rate, t%fgpa?e%t%ﬁrgr%s%ooﬂ R'93RHET noted that the claims may be drafted to exclude
10 any optional element. As such, this statement is intended to serve as antecedent
basis for use of such exclusive terminology as “solely,” “only” and the like in
connection with the recitation of claim elements, or use of a “negative” limitation.
As will be apparent to those of skill in the art upon reading this disclosure,
each of the individual embodiments described and iliustrated herein has discrete
15 components and features which may be readily separated from or combined with
the features of any of the other several embodiments without departing from the
scope or spirit of the present 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 described in some detail by
20 way of illustration and example for purposes of clarity of understanding, it is
readily apparent to those 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.
25 It will be appreciated that those skilled in the art will be able to devise various
arrangements which, although not explicitly described or shown herein, embody
the principles of the invention and are included within its spint 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
30 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. Moreover, all statements herein reciting principles, aspects, and
embodiments of the invention as well as specific exampies thereof, are intended

to encompass both structural and functional equivalents thereof. Additionally, it is
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11.The system according to Claim 1, wherein said signal receiver comprises: (i)first and second
electrodes configured to receive a signal; (H)a signal demodulator; (Hi)a signal transmitter; (iv) a data
storage element; and (v) a power source. 12.The system according to Claim 11, wherein said signal
receiver includes an integrated circuit that comprises at least one of the elements selected from the
group consisting pf;, (i) first S tr. onfigur [ signal (Earsigna
demodulato'ﬂttﬁﬂs(%dsi?grég ?r%é%%mfﬁ%ggé%@%ivﬁ%ﬁgg%a%%gﬁagg@%eﬁr%@%ﬁfg%he Jstem according to
Claim 12, wégueialeatd sigualapediverthetiigureni@isen deckanisndenaaprsk hat@artasbording to
Claim 13, whereln.sais, igngl eeserutyr spnmrises fucamplier vio FRESYPETEAGRRIIIg to
Claim 14, wherein said signal receiver further comprises a microprocessor. - 16. The system according
to Claim 11fveinefeia, Saiddirittende tori dimiteddest heecxmfiglaadembosiinenissiiivamito sense a

biomarker. 17, The sV, ac ' im.16 | ig] Al tkeLisisqlecten, fiogtine group
consistlfgng or elec %%eﬁ%%’far%%ﬂé%%%é@%érgﬁ?ngﬁtg gig rf%%ﬂ sﬁatus. I18. The syste[m
according tdoCthemapPeantiedeitedamigl signal receiver further comprises a physiological sensor distinct

from said first and second electrodes.
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19. The system according to Claim 18, wherein said physiological sensor is distinct from said first and
second electrodes is selected from the group consisting of: temperature sensor, pressure sensor and
analyte detector, motion sensor or a strain gauge. 20. The system according Claim 1, wherein said
system further comprises an external data receiver configured to receive data from said signal
receiver. 21. The system according to Claim 20, wherein said external data receiver further comprises
at least one of a data storage element, a data processing element, a data display element, data
transmission element, a notification mechanism, and a user interface. 22. The system according to
Claim 21, WAEHIASSBiAIMER IBia| data receiver is selected from the group consisting of: a bedside
monitor, a PDA, a cell phone and a PC. 23. An ingestible event marker composition that is activated
by contacting a target physiological site and does not include an active agent. 24. The ingestible
event markér accatdMBIENIARPES NG herein said ingestible event marker comprises an integrated

circuit that includegrbaigesatgeabaaneraiiarficontionatibloekand aaruRieyresdunglignal block. 25.
The ingestible event marker according to Claim 24, wherein said power source functional block

comprises fifsPEhRTYERg GR SHEIAPL i2eaD A8 s 8N SR a45HEstible event marker according
to Claim 25, whereirsigmial fissicivel senfgdreteriredeimatesRjsa1erpresentmnsaidareyistipiiaces of a
solid support that includes said integrated circuit. 27. The jngestihle event marker according to Claim
23, wherein®e&d é@gﬁeﬁ‘léﬁl@&r 2Ol 5%08'}5%&’3@ 'é?e%&#%&%ﬁ)’sﬁ?gg%cé#ﬁ{ }"ggi‘s?ah‘('ggries battery.
28. The ingestieteneatmearker Hrapddes oiClainstantiallyeeipashichshereesisfasdideligsgoattery is
made up ofé%iocrtmore battery structures. 29. The ingestible event marker according to Claim 28,

wherein sai ?tefy structures each comprise a chamber having an anode and a cathode. 30. The
ingestible event marker according to Claim 29, wherein said chamber includes a fluid entry port and a

fluid exit pog. 31. e I8gesibeeush ATETAREAINA RGN S Wesieloahlsasiong, of said

ports comprises a semi-permeable membrane. 32. The ingestible event marker according to Claim
28, whereiniRigarairsosifauiethatiénglederopds arsisnalcagrenainonfuociinnal blggk Emsliggestible
event markejoqeGugiRed niRiBhaBpiwbierein said two or more battery structures do not share a

common boundary. 34.The ingestible event marker according to Claim 23, wherein said ingestible

3. The system according to Claim 2, wherein said power source functional

block comprises first and second dissimilar electrode materials.

4. The system according to Claim 3, wherein said first and second electrode
materials are present on different surfaces of a solid support that includes said
integrated circuit.

5. The system according to Claim 1, wherein said signal receiver comprises
at least one electrode.

6. The system according to Claim 1, wherein said signal receiver comprises
two electrodes.

7. The system according to Claim 1, wherein said signal receiver further
comprises a power generation element.
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event marker comprises a battery element produced using a planar processing protocol. 35.The
ingestible event marker according to Claim 34, wherein said ingestible event marker is activated upon
contact with a target site fluid present at a target site. 36.The ingestible event marker according to
Claim 35, wherein said ingestible event marker comprises: (i)a solid support; (V)first and second
electrodes, wherein said first and second electrodes are: (a) at least partially present on the same
surface of said solid support; or (b) present on different solid supports that are bonded to each
other. 37.The ingestible event marker according to Claim 36, wherein said first and second electrodes

present on the sahiesgeieiopsaRIENEd tsubiRifh J8. e sl Saite Egaat ressdehdeBh@ng to Claim

37, wherein-ggid igge ¢iBla £ ¥Ra BB EMeaMPrises two cathodes flanking an anode on a top surface
of said solid support. 39.The ingestible event marker according to Claim 36, wherein said ingestible

event marker comprises a cathode wholly present on a top surface of said solid support and an anode

partially pregent omigRidyieiesUHaEeraiNg RarGRInPresemeriaNetier SyHaiceeebrrif aatisesupport.

40.The ingestible event marker acccirdin to Claim 36, wherein said
comprises a physiological sensor.

10.  The system according to Claim 9, wherein said physiological sensor is
configured to provide data selected from the group consisting of. respiration,
heart rate, temperature and blood pressure.

11.  The system according to Ciaim 1, wherein said signal receiver comprises:
(i) first and second electrodes configured to receive a signal;
(ii) a signal demodulator;
(i)  a signal transmitter;
(iv) a data storage element; and
(v) a power source.

12.  The system according to Ciaim 11, wherein said signal receiver includes
an integrated circuit that comprises at least one of the elements selected from
the group consisting of: (i) first and second electrodes configured to receive a
signal; (ii) a signal demodulator; (iii) a signal transmitter; and (iv) a data storage
element.

13. The system according to Claim 12, wherein said signal receiver further
comprises a clock element.

14.  The system according to Claim 13, wherein said signal receiver further
comprises a preamplifier.

15.  The system according to Claim 14, wherein said signal receiver further
comprises a microprocessor.



ingestible event marker comprises two or more anodes positioned over a common cathode on a top
surface of said solid support. 41.The ingestible event marker according to Claim 36, wherein said
ingestible event marker comprises two or more anodes positioned beneath a common cathode on a
top surface of said solid support. 42.The ingestible event marker according to Claim 36, wherein said
ingestible event marker comprises a chamber bound by a cathode and anode, where said anode
comprises one or more openings. 43.The ingestible event marker according to Claim 36, wherein said
first and second electrodes are present on different solid supports that are bonded to each other. 44.A
method comprising: (a) administering to a subject an ingestible event marker that is activated by

contacting tpgget phesidpgtionl siecarsliras neldialude anrstvg agent mad (N dledaeting a signal

emitted from said identifier with a s;gnal receiver. 45.The method according to Claim 44, wherein said
method furtilECEBARS RES A WER (S dRepivecaisian?) apAde sersiaiemasi®arker of said subject.
46.The method according to Claim 45, wherein said method further comprises transmitting data from

id signal receiver t ternal dafa receiver, 47, The method gcgording to Claim 44, wherein said
method furthér colfliU8 FADIAHERLT A BeLRi0e18: (indtRREFH b1 BRIRISEA B SSiRciehtier at

location of $aichsthljerbugScoiadstingthufd elecotdiagiiogtainiveb iviztecirespichtiveiratkfariber
comprises %stﬁc%wg said receiver with a topical location of said subject. 49. The method according
8, W

to Claim 48, &réihsaid method s a method of treating a subject for a disease condition.

18. The system according to Claim 16, wherein said signal receiver further

comprises a physiological sensor distinct from said first and second electrodes.

19.  The system according to Claim 18, wherein said physiological sensor is
distinct from said first and second elecirodes is selected from the group
consisting of: temperature sensor, pressure sensor and analyte detector, motion

sensor of a strain gauge.

20.  The system according Claim 1, wherein said system further comprises an

external data receiver configured to receive data from said signal receiver.

21, The system according to Claim 20, wherein said external data receiver
further comprises at ieast one of a data storage element, a data processing
element, a data display element, data transmission element, a notification
mechanism, and a user interface.

22. The system according to Claim 21, wherein said external data receiver is
selected from the group consisting of. a bedside monitor, a PDA, a cell phone

and a PC.

23.  An ingestible event marker composition that is activated by contacting a

target physiological site and does not include an active agent.
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50. The method according to Claim 49, wherein said disease condition is a cardiovascular disease
condition. 51. The method according to Claim 50, wherein said method further comprises evaluating
said subject's response to said agent. 52. The method according to Claim 51, wherein said evaluating
further comprises generating a physiological index that is based on data from multiple biomarkers. 53.
The method according to Claim 52, wherein said method further comprises adjusting a therapeutic
regimen for said subject based on said evaluating. 54. A kit comprising: an ingestible event
marker that is activated by contacting a target physiological site and does not include an active agent;
and a signalfeceivéie ipaestitder etiordifietacianimniovbisisiiSaiwhéresnspitb sxgastide more
ingestible eygahmarkers, BrBRdEL aGHOTHRGREdAIEER WHEIETR SRV BT igRgstible event

markers are distinguishable. .
generation functional block and a power source functional block.

25,  The ingestibie event marker according to Claim 24, wherein said power

source functional block comprises first and second dissimilar electrode materiais.
26.  The ingestible event marker according to Claim 25, wherein said first and
second electrode materials are present on different surfaces of a solid support

that includes said integrated circuit.

27. The ingestible event marker according to Claim 23, wherein said event

marker comprises a battery element comprising a short resistant series battery.

28. The ingestible event marker according to Claim 27, wherein said short

resistant series battery is made up of two or more battery structures.

29.  The ingestible event marker according to Claim 28, wherein said battery

structures each comprise a chamber having an anode and a cathode.

30.  The ingestible event marker according to Claim 29, wherein said chamber
includes a fluid entry port and a fluid exit port.

31.  The ingestibie event marker according to Claim 30, wherein at least one of

said ports comprises a semi-permeable membrane.

32. The ingestible event marker according to Claim 28, wherein said two or
more battery structures are share a common boundary.

33. The ingestible event marker according to Claim 28, wherein said two or

more battery structures do not share a common boundary.
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34.  The ingestible event marker according to Claim 23, wherein said ingestible
event marker comprises a battery element produced using a planar processing
protocol.

35. The ingestible event marker according to Claim 34, wherein said
ingestible event marker is activated upon contact with a target site fluid present
at a target site.

36. The ingestible event marker according to Claim 35, wherein said
ingestible event marker comprises:
(i) a solid support;
(i) first and second electrodes, wherein said first and second
electrodes are:
(a) at least partially present on the same surface of said solid
support; or
(b} present on different solid supports that are bonded to each
other.

37.  The ingestible event marker according to Claim 36, wherein said first and

second electrodes present on the same surface of said solid support.

38. The ingestible event marker according to Claim 37, wherein said ingestible
event marker comprises two cathodes flanking an anode on a top surface of said
solid support.

39.  The ingestible event marker according to Claim 38, wherein said ingestible
event marker comprises a cathode wholly present on a top surface of said solid
support and an anode partially present on said top surface and partially present
on another surface of said solid support.
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40. The ingestible event marker according to Claim 36, wherein said
ingestible event marker comprises two or more anodes positioned over a
common cathode on a top surface of said solid support.

41.  The ingestible event marker according to Claim 36, wherein said
ingestible event marker comprises two or more anodes positioned beneath a
common cathode on a top surface of said solid support.

42.  The ingestible event marker according to Claim 36, wherein said
ingestible event marker comprises a chamber bound by a cathode and anode,

where said anode comprises one or more openings.

43.  The ingestible event marker according to Claim 36, wherein said first and
second electrodes are present on different solid supports that are bonded to
each other,

44, A method comprising:
(@) administering to a subject an ingestible event marker that is
activated by contacting target physiological site and does not include an
active agent; and

{(b)  detecting a signal emitted from said identifier with a signal receiver.

45. The method according to Claim 44, wherein said method further
comprises using said signal receiver to sense at least one biomarker of said
subject.

46. The method according to Claim 45, wherein said method further
comprises transmitting data from said signal receiver to an external data
receiver.
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47. The method according to Claim 44, wherein said method further
comprises implanting a receiver for detecting a signal produced by said identifier
at a location of said subject.

48. The method according to Claim 44, wherein said method further

comprises associating said receiver with a topical location of said subject.

49.  The method according to Claim 48, wherein said method is a method of

freating a subject for a disease condition.

50. The method according to Claim 49, wherein said disease condition is a
cardiovascular disease condition.

51.  The method according to Claim 50, wherein said method further
comprises evaluating said subject’s response to said agent.

52. The method according to Claim 51, wherein said evaluating further

comprises generating a physiological index that is based on data from multiple
biomarkers.

53. The method according to Claim 52, wherein said method further
comprises adjusting a therapeutic regimen for said subject based on said
evaluating.

54. A kit comprising:
an ingestible event marker that is activated by contacting a target
physiological site and does not include an active agent; and

a signal receiver.

55.  The kit according to Claim 54, wherein said kit comprises two or more
ingestible event markers.
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56. The kit according to Claim 55, wherein said two or more ingestible event

markers are distinguishable.
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