INGESTIBLE CIRCUITRY CROSS-REFERENCE TO RELATED APPLICATIONS [1] Pursuant to 35
U.S.C. 119 (e), this application claims priority to the filing dates of United States Provisional
Application Serial Nos. 61/088,355 filed on August 13, 2008, the disclosures of which are herein
incorporated BPrEferaHEe BACKGROUND [2] Ingestible devices that inchedéugreeetiiz circuitry have
been proposed for use in a variety of different medical applications, including both diagnostic and
therapeutic applications. [3] Examples of such ingestible devices are ingestible electronic capsules
which collect data as they pass through the body, and transmit the data to an external receiver system.
An example of this type of electronic capsule is disclosed in U.S. Patent No. 5,604,531 Iddan et al.,
which describes what is called an in vivo video camera. The swallowable capsule includes a camera
system and an optical system for imaging an area of interest onto the camera system. The transmitter
transmits the video output of the ca =7 -_; tem receives the transmitted
video output. U.S. Patent No. 7, 009@?3% SSUEY™ ﬁgg{@ﬁ closes an ingestible imaging
device that obtains images from within body lumens or cavmes The electronic circuit components of
the device are enclosed by an inert indigestible housing (e.g. glass housing) that passes through the
body internally. U.S. Patent No. 6,800,060 issued to Marshall discloses an ingestible data recorder
capsule mect,q%gg\gﬁg,;gﬁ%@@w;@ﬁ@fgﬁ gﬁhﬁieliﬂwg device (e.g. sensor, recorder, etc.) are
housed in a Tapsule made o1 ine figestible and passable through the
digestive traB@iithButreiny T@oﬁ@dm&(b)étﬁé wey thig) apphiestodesiaisss theoslycteottie diliogits are
protected in gQusia AR YRDERIGURIHS) dagmﬁt ?r‘ih%@lﬁ’é{'Cﬂése'%qt/&é‘éca@écﬂl@od%rﬁng the

process of ingestion and elimination in the human 5] Recently, U.S. Patent Application
Publication K¥988bY%068881 $8PispigsHirfueh whigh éf&hﬁ@ﬂ“f@%@é%ﬁ@f@q[ﬁﬂ@ﬂ%ntmcatlon
(RFID) tags for use in drug ingestion monitoring applications. The RFID tags disclosed in this

application aée simple antenna structures that are configured to break down during transit through the
body. ACKGROUND

[002] Ingestible devices that include electronic circuitry have been proposed for use
in a variety of different medical applications, including both diagnostic and
therapeutic applications.

[003] Examples of such ingestible devices are ingestible electronic capsules which
collect data as they pass through the body, and transmit the data to an external
receiver system. An example of this type of electronic capsule is disclosed in U.S.
Patent No. 5,604,531 lddan et al., which describes what is called an in vivo video
camera. The swallowable capsule includes a camera system and an optical system
for imaging an area of interest onto the camera system. The transmitter transmits
the video output of the camera system and the reception system receives the
transmitted videc ouiput. U.S. Patent No. 7,009,634 also issued to lddan et al
discloses an ingestible imaging device that obtains images from within body lumens
or cavities. The electronic circuit components of the device are enclosed by an inert
indigestible housing (e.g. glass housing) that passes through the body internally.
U.S. Patent No. 6,800,060 issued to Marshall discloses an ingestible data recorder
capsule medical device. The electronic circuits of the disclosed device {(e.g. sensor,
recorder, efc.) are housed in a capsule made of inert materials, and therefore
ingestible and passable through the digestive tract without being consumed by the
body.



[6] In certain instances, more complex circuitry suitable for use in ingestible devices is needed.
SUMMARY [7] In accordance with a first aspect of the present invention, there is provided a device
comprising: a support; a first electrode connected to the support; a second electrode connected to the
support; and a control circuit for controlling current flow, wherein the control circuit is secured to the
support and wherein the first electrode is electrically coupled to the control circuit at a first input and
the second electrode is electrically coupled to the control circuit at a second input,wherein the first and
second electr are made of, dissimilay materials that are capable of providing a voltage potential
when in conta%%alh g %ﬁaﬁcﬁﬁé’ it .%%ﬁafﬁﬁg@gcgﬁﬁué%p&? o E PR ARt %M&%ﬁﬁﬁére is
provided a methpdubé pifeatugireyantidetdifiagle imgestibdedisdte thatisoperatanial upaingortact with a
condueting fluidh ihe gihor cMPLISIng i sieps ot praviding st laminate comprising an electrode
and an anode to torm a voﬁage po ential there betweeh when the nXgestlbIe device comes in contact
with the condUbsj fRégedfinind. Gn diriaunte Apthicdtigt laRMinditafionrebeivilarécdiny 8otmponent;
fixing the circu timt ? )Y g)h Ive t ircui
component isuee;tec‘%rical 3(/% rieglijp ie'dglt%(%ge&!)e e%%f e%ggit]ﬁeg n%EEc]I ; é%%\ﬁg\ﬁ#gg}égrﬁrgﬁl Igé\gﬁfgjgh the
ingestible deviéteaiidarid coagstangmarttesipgoanetcatiangue digr&itiBigagridisfousas lin drdsird
aspect of the REsRBEN SRUUIETa iR RFAVARA R Sevics: fardndicalnG e BSOS Buring
pharmaceutical product, the device comprising: a support comprising a conductive layer including a
plurality of elebgRSi{ reMafetiedfbhs; a plurality of electrodes positioned on the support, each of
which is depogijegt orhthesxRppidanalestiisalyoranagciaddaona,nbine Ripraly iaf plgstisally
isolated sections of the conductive layer; a control circuit comprising a plurality of inputs, wherein the
control circuit RESEEHEHBAIHRNN an aperture defined by the support such that each input is electrically
coupled to one of the plurality of electrically isolated sections thereby allowing the control circuit to
independentIyScL(})ng']trEFI“gurrent flow through each of the plurality of electrically isolated sections to
generate a cu ature that indicates the device is in contact with a conducting fluid; and a layer
of protective nfe@@lli&t facaxodering Withcofitedlaspeuit vittbecprébenproteatitien nmatedas pnetectsithe control

circuit as the conirol circuit.is activated when the, plurality, of electraodes, come into contact with,the
conductive qu%w\’[ﬁg&%ﬁtbhiﬁt %g ggtﬂéfaté’égéﬁe%e&ﬁ%ngvgﬁ Bﬁ%%%é?té’ (i?sgn%r%l\J}?(lj)é)(':l9 ‘aamseet%%'}ijfor
producing an ielentifideteindiesiediie hesenppast, canduaticonthoidcitosimtsth ad rdoshindsiog et steps
of: laminating r]-,g%p Cti nfir d,se issimilar.materi create a
support, such ?ﬁg?the ir%ﬁawsgﬁﬂgpéﬁgsei%ﬁa% ?ﬁéaéﬁeﬁglst%r%\%% ilgc)llﬁtqaég%edp\@egnptéﬁaﬁv{theer\fﬁi‘%E contact
with the cond RH€ifiORIgIdS RIRTEURRY K GutEled &% the fenteridBeddrd difeihinarhead ot Sesanthe
perimeter of thecsypprisSHREMHAIPRAMILPRANRIBERIBMSRLS S¥RRA HEAISASIIIL securing a

circuit within a_hole definedr% the support such that the circuit is electrically coupled to each of the

dissimilar matBfshianLingea e Mieclioe e RERi B dmaldivsamig neataialit dhal @srupaRieely of
current betwegmth@ilissiiRiga psaalfatiwaeahihe sereusting Hyititrdndieate. the presence of the

conducting "“tgc?a] In a second aspect of the present invention, there is provided a method of
producing an identifiable ingestibie device that is operational upon contact with a
conducting fluid, the method comprising the steps of: providing a first laminate
comprising an electrode and an anode to form a voltage potential there between
when the ingestible device comes in contact with the conducting fluid; defining an
aperture in the first laminate for receiving a circuitry component; fixing the circuitry
component in the aperture with a conductive adhesive such that the circuitry

component is electrically coupled to the electrode and the anode; controlling



[007d] Embodiments of the present invention seek to provide for robust ingestible circuitry, where the
components of the ingestible circuitry are ingestible, and in some instances digestible. As the
ingestible circuitry is made up of ingestible, and even digestible, components, the ingestible circuitry
results in little, if any, unwanted side effects, even when employed in chronic situations. The ingestible
circuitry is particularly suited for use in signal identifiers, e.g., as may be found in ingestible event
markers (IEMs), which include pharma-informatics enabled compositions. [008] Embodiments of
ingestible circuitry of the invention include a solid support of an ingestible material, which support has
on a surface thereof one or more electronic components. Components that may be present on the
surface of the Sufspottitaaytheryghritientigaetivle aevivet imitedaccdodiccting/uithemprgdiemeants,

e.g., in the for%%@dg;g&{%%gyﬁgp; a power device, e.g., battery, fuel cell or capacitor; an effector,
e.g., sensor, stimulator, etc.; a'signal transmission element, e.g., in the form of an antenna, electrode,

coil, etc.; a pafibdidmanthisyasiemdiictor, peessiol, ieverting. dherer imore\ddathendeiceriahe
surface of the gidRAKIBEDM RGP i(S\‘35%59%%’&@&“&9@@H@é&?r}hgvla%(ﬁcgvg%ﬁ%ﬁéﬁg: Al of the

components are present on the surface of the solid support, interconnects may be pr

components afiPRRSGRPRHERE FrREtttiviR Ay afadingeatiplaraiitg of elneticatytinnbeied
digestible. BRIESEHESGRIRIFAMN SXFcldth dleURERiofal 5. fhehowspeirgrammaticalieans

ingestible identifier h% includes ingestible circuitry in accordance with the invention. [10] FIGS. 2A to

2D provide vieWE BRSSO SHP RRTE &Ml SRAHRRINHERIEGIRSS RgRRRLRE dheurty aiticebrdance

with the inventidectrdd]yFiaBieA andiShs potidecieivs Biassambly fraingestibie ddemntifigr4hat
ith the invention

of i ingestbIEIEUNS) AL RS e £ SHERI ) o L R B S R3] G

provides a vietebfihagdskeynthly sbiaparigestb|ehaieatifierithbat irckidesitggstblpritctityria acgpsdance

with the inveniiaiajity of electrically isolated sections thereby allowing the control circuit to
independently control current flow through each of the plurality of electrically
isolated sections to generate a current signature that indicates the device is in
contact with a conducting fluid; and a layer of protective material for covering the
control circuit wherein the protective material protects the control circuit as the
confrol circuit is activated when the plurality of electrodes come into contact with
the conductive fluid.
[007¢] In a fourth aspect of the present invention, there is provided a method for
producing an identifier to indicate the presence of conducting fluid, the method
comprising the steps of: laminating a non-conducting element between first and
second dissimilar materials to create a support, such that the first and second
dissimilar materials provide a voltage potential when in contact with the
conducting fluid, removing a portion of the first and second dissimilar materials
from the perimeter of the support such that the non-conducting element is
exposed to create a skirt; securing a circuit within a hole defined by the support
such that the circuit is electrically coupled to each of the dissimilar materiais using
a conductive adhesive; and activating the circuit that controls the flow of current
between the dissimilar materials through the conducting fluid 1o indicate the
presence of the conducting fluid,

2a



[14] FIGS. 6A and 6B provide views of assembly of an ingestible identifier that includes ingestible
circuitry in accordance with the invention. [15] FIGS. 7A to 7B provide views of a bifurcated laminate
process employed to fabricate devices according to one embodiment of the invention. DETAILED
DESCRIPTION [16] The present invention provides for ingestible circuitry, where the components of
the circuitry are ingestible, and in some instances digestible. As the ingestible circuitry is made up of
ingestible, and even digestible, components, the ingestible circuitry results in little, if any, unwanted
side effects, even when employed in chronic situations. [17] Embodiments of ingestible circuitry of the
invention include a solid support of an ingestible material, which support has on a surface thereof one

or more electréfd @Bﬁmmf@oﬁfﬁbﬁmﬁﬁtiﬁv&}iﬂlﬁé’lpﬁégéﬁﬂMQM@%dﬁﬁaﬁdﬂcﬁtﬁmﬁb@rt may
vary, and include i g AL HREChiRpIaG Anglfan M HHacH SIEBROY e Bre MHBEIRE A lin

integrated circuit; a power device, e.ig., battery, fuel cell or capacitor; an effector, e.g., sensor,
stimulator, etcSArGdnsiarsasAigsriiPiemenbecingesiibhe sHaUIEY imrantenun célbaestiblecsintetc.; a

passive elemesfef. QigubimiICebiBSISiRks Ctehd NAQNRINEMAFBFRIRRBEIALS AN thigeSUKfags of the
support may be laid out in any convenient configuration. Where two or more components are present
on the surface"SMABEE |74 SHERISnRURD R SHRIYE DB ViRN ¢ 18 juptionsg ddbiBagainley is
particularly sutteduieryusepiirisigratydantdicrsr &g, inssyay hedisimstdn dngesiilaRveptidarkers and

Resociation wilce ShUSHE SR EEial PGB SELAR, B2 RTGR s P takes
the pharmaceutoabeiddust. As the pill is consumed, the ingestible circuit is activated and generates a
e L R R B R TR AL B er
of an ingestibie material, which support has on a surface thereof one or more
electronic components. Components that may be present on the surface of the
support may vary, and include but are not limited to: logic and/or memory
elements, e.g., in the form of an integrated circuit; a power device, e.g., battery,
fuel cell or capacitor; an effector, e.g., sensor, stimulator, etc.; a signal
transmission element, e.g., in the form of an antenna, electrode, coil. etc: a
passive element, e.g., an inductor, resistor, etc. The one or more components on
the surface of the support may be laid out in any convenient configuration. Where
ftwo or more components are present on the surface of the solid support,
interconnects may be provided. All of the components and the support of the

ingestible circuitry are ingestible, and in certain instances digestible.

2b



[19] As summarized above, the present invention provides ingestible circuitry. Ingestible circuitry of the
invention includes a solid support fabricated from an ingestible material, and one or more electronic
components displayed on a surface thereof. Where two or more components are present on a given
solid support }@AtG&HE hterconnecting elements are also present that eF§GRAERNPE683le the two or
more components. A variety of different types of components may be present on the support, as
reviewed in greater detail below. In addition, one or more optional elements, such as a protective
layer, etc., may be provided. [20] Ingestible circuitry of the invention can be a standalone unit or it can
be incorporated into another structure, e.g., an ingestible identifier, such as may be found in an
ingestible event marker mcltiljdm a-'formatlcs enabled pharmaceutical composition. [21] As

summarize =B+ ARS8 Sdible, where the disparate components of the

circuitry are [fgbg ated fr@n@,mﬁ&l@igg\f@ﬁeﬁl@ﬁc@ &eaﬁ'nr?g@e%m%@fénaﬂ% OFaereeffhgdngestible

materials of the cwcwts are digestible materials. As such, thé amounts of the materials are below

chronic ingeSFEHiRIES ?f'?ﬁ@'yycmtﬁﬁgoﬁf%%%ﬁ?|H’5rbg‘\ﬁc§7t‘ﬁ%\'i”i§)ﬁomg to be ingested chronically. If

the circuitry J§ 10joFiGr8teg Anto 2 Depice/ibat soing tabedrasistes Igssifrgayaptly.imaiarials may be
chosen bas n thf@ntlm ated %(? fﬁe SG edule 221 As reweweé;(?,é above, elements of the

ingestible ci cu ry TUSHRICISCIIAE A Eh I 85505 BAE & RdFEREEBHR Components, and
interconnectd} Bhhdrigi&theB Aleavents3 B23] rﬁlv&:lsolldlemspomf isaheestropturef o whick edtdfithe

t () f I h
el 1 T A S S B s
that provide[@tah&i@al @tr@?@trﬁaﬁdanwbe einprsrably 0f issolitge %tbhipol@ﬂfﬁffehetbaﬁd
support Inclmula@sarﬁgggﬂwe&f%.ﬁ?%%&e@%&%@ WIBHCHBS ARl or Dow Ethocel),

cellulose acetate A?ﬁ Gelatin, Insolub materlals of interest include ethylcellulose, a copolymer of

acrylic acid O l3hE crli e s ViRaWirey rRts eBslY o abonareiibial ’Q@@ﬁéﬂ%r;ﬂh’—’rﬁmomum
grOLrJ]ps polyediyese.ipelyemios, m@uwmheh@ismdfwwlt@cmatw%ﬁBM mlﬁtlureds therebof Fillers,
such as, st ose nic salts such as sodium or potassium chloride, carbonates,
blcarbonatsiagélﬂajlé i% m%é CH V@ﬁgﬁé@?’&?n Q?lcgt%ﬁ%i%% é(lkéﬁf‘nn‘?éfa@&‘?ég Stes and
oxides (e.g. ldmnmmdma(idepma@semgarsum@):lmaj/ue,lsin e predenic Solidhle maieviaigithat may be
employed, Sgisi te ti u ort include

notlimitedtoﬁg ﬁo@?r%py c%llg%sag% tgFéElf/e% SY?: oFs%E car 'c})%r/(r;r?eﬁé/li{glm Sgéec orgccée}sr’r?ellose
hypromelIos%mWGV&@pﬁ@pﬂ&héﬂ@ﬂ%eﬁ@lbwiméthybdiéil’mbs@ Polsaechardés éstarch, different
sugars); Pohwijaytgigohol; Gums (guar, xanthan, acacia); Alginates (sodium or calcium alginate);
povidone; etc. Also of interest are Plasticizing agents, e.g., Dibutyl sebacate, triacetin, triethyl citrate,
polyethylene glycol, polyethylene oxide. Soluble materials of interest include proteins,

polysacchafyes sn®yppetatesphiusiogels, polyvinyl alcohol, polyvinyl pyrrolidone, and derivatives of
such polymeérs. Tn certain embodiments, plasticizers may be present, where plasticizers make it easier

to process éﬂé%oﬁ%@é%@%twmqlﬁ% fantRuEEHRE BiRgldinal svher tnteecsprarpBamactants.
Environmengalinsengitivg, naateirlsiayg alpribe RIGSNHE ShesUBRRIL SIS A plavirpunantally

sensitive polymers, e.g., temperature sensitive polymers, ph sensitive polymers (e.g

Polymethacﬁfl%lﬂggv (@dﬂﬂgﬁd&ﬁtﬁ@%i'ﬁﬁ) Wg%’ﬁ'%éﬂ@ﬁﬁi@ﬁ@l?%?@'@ﬁ?ﬁ@%@?&@ﬁ@@'ﬁolymers
(e.g., Starclsiichitgsansets.)in Wie2 0L AL (FRREHY SROYSIZ2bven when employed in

chronic situations.

[017] Embodiments of ingestible circuitry of the invention include a solid support of
an ingestible material, which support has on a surface thereof one or more electronic
components. Components that may be present on the surface of the support may
vary, and include but are not limited to: logic and/or memory elements, e.g., in the
form of an integrated circuit; a power device, e.g., battery, fuel cell or capacitor; an
effector, e.g., sensor, stimulator, etc.; a signal transmission element, e.g., in the form
of an antenna, electrode, coll, etc.; a passive elemeni, e.g., an inductor, resistor, etc.



that will make it insoluble in certain physiological locations, such as the stomach, and soluble in other
physiological locations, such as the intestine. Embodiments of such supports are supports that retain
their shape in the stomach and then fall apart upon entry/transit through the intestine. Also present
may be foamii§ &S &.g., sodium carbonate, swelling agents, e.g., hyRGCHESPY/MBTE, or cross
linking agents, e.g., glutaraldehyde. In certain embodiments, the support is fabricated from a foodstuff
which has suitable properties. Foodstuffs of interest include, but are not limited to: soy, whey, wheat
glutein, rice starch, tapioca starch, rice paper, non, corn chips, potato, pasta, filo, fruit roll-ups, haw
flakes, crackiEts, Qedatin ranE ampynaiie solideunptate cdritise Jappodtatyibaigiconvémiamt protocol,
such as throygh BrReROMIBAMIMRHEIN RIS HMEPATSREALAR R BRILENITURIOR, 4] Also

present in ingestible circuitry’is one or more conductive elements which serve to interconnect two or

more distincP¢SRTERTERE SH hssnpace (SfBFMOSESIBRY Prddi@xidasmbodiments, this conductive

element, e.qoigerTRBNAGESHMI RirfAhIS IRYEEQRAY BRI heMage oL sandisstiveand igestible
material, such as gold, siﬁfmr,q%raphite, titanium, copper, etc. The material making up the conductive

element mafb t Hbé@Ql%?gPéﬁnSﬁﬁ?ﬁsrB@TBW%h?Bﬁiooi%ré%ﬁﬂﬂfﬂm?%“ﬁ.se.?ngten one
Is ingesting therpgsttinke de@oe)shatpidhiaconducibstyisivathigeatinsimauangm Zedieidtbalow

provides exqy I8 e Bhal ARt b Bl G W L B S er s WA T slsares <
takes the pharmaceutical product. As the pill is consumed, the ingestible circuit is
activated and generates a signal that is detected thereby signifying that the
pharmaceutical product has been taken by a patient.
INGESTIBLE CIRCUITRY AND FABRICATION THEREOF

[019] As summarized above, the present invention provides ingestible circuitry.
Ingestible circuitry of the invention includes a solid support fabricated from an
ingestible material, and one or more electronic components displayed on a surface
thereof. Where two or more components are present on a given solid support,
conductive interconnecting elements are aiso present that electrically couple the two
or more components. A variety of different types of components may be present on
the support, as reviewed in greater detail below. In addition, one or more optional
elements, such as a protective layer, etc., may be provided.

[020] Ingestible circuitry of the invention can be a standalone unit or it can be
incorporated into another structure, e.g., an ingestible identifier, such as may be
found in an ingestible event marker, including a pharma-informatics enabled
pharmaceutical composition.

[021] As summarized above, circuitry of the invention is ingestible, where the
disparate components of the circuitry are fabricated from ingestible materials. In
certain embodiments, one or more of the ingestible materials of the circuits are
digestible materials. As such, the amounts of the materials are below chronic
ingestion limits if the circuitry is present in a device that is going to be ingested
chronically. If the circuitry is incorporated into a device that is going to be ingested
less frequently, materials may be chosen based on the anticipated dosage schedule.



1.68x 10-8 1 cm 100 gm 1 gm Mg 4.39 x 10-8 1 cm 100 gm 10 pm
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1022] As reviewed above, elements of the ingestible circuitry of the invention
include a solid support, one or more electronic components, and interconnects,
among other elements.

1023] The solid support is the structure on which all of the components are present.
The solid support is fabricated from an ingestible material, where the maierial is a
dieleciric or insulating material. It can be fabricated from a variety of materials.
Materials that provide mechanical strength and may be employed as an insolubie
component of the solid support include, but are not fimited to: Ethyl cellulose (e.g.
Hercules Aqualon or Dow Ethocel), celluiose acetate, Agar, Gelatin. Insoluble
materials of interest include ethylcellulose, a copolymer of acrylic acid and
methacrylic acid esters, having from about 5 to 10% functional quaternary
ammonium groups, polyethylene, polyamide, polyvinylichloride, polyvinyl acetate and
any mixtures thereof. Fillers, such as, starch, glucose, lactose, inorganic salts such
as sodium or potassium chloride, carbonates, bicarbonates, sulfates, nitrates,
silicates (e.g., magnesium silicate) and alkali metals phosphates and oxides (e.g.,
titanium dioxide, magnesium oxide), may also be present. Soluble materials that
may be employed, e.g., as disintegrating agents, in the solid support include, but are
not limited to: Hydroxypropyl celiulose, hydroxyethylcellulose,
carboxymethylcellulose, croscarmeilose, hypromeilose, hydroxypropyl methyl
celiulose, methyl cellulose, Polysaccharides (starch, different sugars); Polyvinyl
alcohol; Gums (guar, xanthan, acacia); Alginates (sodium or calcium alginate);
povidone; etc. Also of interest are Plasticizing agents, e.g., Dibutyl sebacate,
triacetin, triethyi citrate, polyethylene glycol, polyethylene oxide. Soluble materials of
interest include proteins, polysaccharides, polyacrylates, hydrogels, polyvinyl
alcohol, polyvinyl pyrrolidone, and derivatives of such polymers. In certain
embodiments, plasticizers may be present, where plasticizers make it easier to
process and modulate the strength so that it is not stiff and brittle. Also of interest
are surfactants. Environmentally sensitive materials may also be present in the
support, such as environmentally sensitive polymers, e.g., temperature sensitive
polymers, ph sensitive polymers (e.g., Polymethacrylates (e.g. Degussa Eudragit®)),

oxygen sensitive polymers, enzyme sensitive polymers (e.g., Starch, Chitosan, etc.),



Au 221 x 10'8 1 cm 100 turn 100 pm Ag 1.59 x 10'8 1 cm 10 pm
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that will make it insoluble in cerfain physiological locations, such as the stomach,
and soluble in other physiological locations, such as the intestine. Embodiments of
such supports are supports that retain their shape in the stomach and then fall apart
upon entry/iransit through the intestine. Aiso present may be foaming agents, e.g.,
sodium carbonate, swelling agents, e.g., hydrogel polymers, or cross linking agents,
e.g., glutaraldehyde. In certain embodiments, the support is fabricated from a
foodstuff which has suitable properties. Foodstuffs of interest include, but are not
limited to: soy, whey, wheat glutein, rice starch, tapioca starch, rice paper, nori, com
chips, potato, pasta, filo, fruit roll-ups, haw flakes, crackers, gelatin and gummy. The
solid supports can be fabricated via any convenient protocol, such as through
deposition via a number of methods such as solvent cast, or melt extrusion.

[024] Also present in ingestible circuitry is one or more conductive elements which
serve to interconnect two or more distinct components on a surface(s) of the
support. In certain embodiments, this conductive element, e.g., interconnect or wire,
is a thin layer or strip of a homogenous conductive and ingestible material, such as
gold, silver, graphite, titanium, copper, etc. The material making up the conductive
element may be any material whose total amount is below chronic ingestion limits
(i.e., how often one is ingesting the ingestible device) where the conductivity is within
a desired range. Table 1 below provides examples of ranges.

Tabie 1
Metai Resistivity Dimension
(Qm) Length Width Thickness
Cu 1.68x10° 1 cm 100 um 1um
Mg 439x 10" 1em 100 pm 10 um
Au 2.21x10° 1.cm 100 um 100 um
Ag 1.59 x 10° 1cm 10 um 1 um
Fe 9.61x10° 1cm 100 um 0.1 um

[025] The conductive elements (i.e., interconnects) can be deposited on a surface
of the support to provide interconnection between two or more components as a
homogeneous layer, for example a layer of gold. Any convenient deposition protocol
may be employed, such as but not limited to: evaporation, plating, electrolysis
plating, galvanic deposition, screen or ink jet printing, or other thin layer deposition



1 pm Fe 9.61 x 10-8 1 cm 100 pm 0.1 gm [25] The conductive elements (i.e., interconnects) can be
deposited on a surface of the support to provide interconnection between two or more components as
a homogeneous layer, for example a layer of gold. Any convenient deposition protocol may be
employed, su¥® a&HBAdt limited to: evaporation, plating, electrolysis platR{g/geaeesiss@iposition,
screen or ink jet printing, or other thin layer deposition

techniques. Alternatively, a lamination method may be employed, where various
elements are positioned as sheets. In yet other embodiments, a decal transfer
process may be employed, where each of the distinct elements is on a separate
backing layer. The distinct elements are transferred to the solid support, and then
the backing layer is removed. With each of the above protocols, a patterning
techniqgue may be employed. The choice of patterning technique will depend on the
choice of deposition process and the dimensional control required of the final
pattern, for example evaporation or plating is very compatible with photo lithography.
For laminate protocols, laser patterning might be employed, e.g., where a layer is
deposited and the unwanted portions are cut out. In certain embodiments, purely
additive techniques, such as ink jet or screen printing, are employed.

[026] instead of having a conductive element fabricated from a homogenous
material, the conductive element can be a heterogenous material that is a paste or
an ink. For exampie, a suspension of a conductive filler of the conductive materials,
e.g., gold, silver, graphite, etc., with an ingestible binder material, such as a polymer,
a thermoset or thermoplastic polymer, may be employaed. This heterogenous
material can contain other polymeric components such as plasticizers, surfactants to
make the ink and the paste flow better, be more processable etc. In yet other
embodiments, the conductive element is an isotropic conductive film, e.g., a film of
inert particles, such as of a material like glass, that have been coated with a
conductive material, e.g., a metal.

[027] Electrical connection between the conductive element and compeonents on
the support may be achieved in a number of different ways. For example,
interconnects and various components may be positioned on a surface of the solid
support, and a layer of conductive material that covers the disparate components
and conductive elements can be deposited in a manner that provides the desired
connection. Alternatively, ingestible conductive glues, pastes and adhesives may be
employed. In certain embodiments, of interest is the use of a combination of two (or
more) glues, where one of the glues provides for desired conductive properties and
one of the glues provides mechanical strength. In addition, mechanical attachment
protocois such as pressing different components together, e.g., where the



techniques. Alternatively, a lamination method may be employed, where various elements are
positioned as sheets. In yet other embodiments, a decal transfer process may be employed, where

~ each of the distinct elements is on a separate backing layer. The distinct elements are transferred to
the solid supyoPt 28i8@18véR the backing layer is removed. With each of the RIFUE2MW66ELIs, a
patterning technique may be employed. The choice of patterning technique will depend on the choice
of deposition process and the dimensional control required of the final pattern, for example
evaporation or plating is very compatible with photo lithography. For laminate protocols, laser
patterning nfighmasmenplbgeel, sidablehshapeldytariaceptisitethakel theasievafuie thportionsare cut out.
In certain e ' arely jti iq ink.je en.prnting, ane employed.
126] Inston vl e By b cted Mg o i e e e ah v

element canB8'8H dferdeRinvgidngtcrriNith Malsinpaste. orlin seRIPRIsHEmPRk b duspebilisd of a
conductive fibgsiietlie £@0FEEVS! m@tgsﬁ&s@p@m@@f nREnHARNHE RS tNE BoRbRSHERIR binder

material, such as aﬁ?olymer, a thermoset or thermoplastic polymer, may be employed. This
i

heterogenod® MEEY CHRRYShtiR-otfiR FES IR Ushiosibicive Ry bIBS HEENCE @Fa¥Rants to

make the inkancihe pagiteflovucheites, thermorrapicsissabla eloydieyp biles rephotimpRis oihe

conductive glement is,an isptropic.conductive film, e.qg., a film of inert particles, such as of a material
TENSOLE R BRCRie EREC AI5Ye8 A RS fimection

like glass, that have been eoatedwith & conductive %ﬁaﬁ@’g?ea

between th@@mﬁmﬂ%%l&m@%imm@nen& mdh@sampcsinma@dbmamabeggdn@enummjer of

aifferent ways izt SYamPlanBfeteBaRedle AN HaHoNR.GaIRaRes Ay iR popllonad,pR. eurface of
n tha Ispara and

the solid support, and a layer of cohductive"materia t covers the dis e componen
conductive éTEHeERId TarPEelefrREE ragifaiiesmait PaiurRieentiectivsiraatesalieadtion) Alternatively,

ingestible cqudaptive HurRrPRSIAE 2RdAdResRHERRY hesempleyer MseHaidambadimeants. of

interest is the use of a combination of two (or more) glues, where one of the glues provides for desired

conductive FYSPERTEISS P BRC MR FIRLORIGI AR RMEERLHi PSSRy SPMPaRRID @ Anieshical

attachment preiteiolssugh ampliesssodiffesrnhsamparenisyeisthaii£ 8.9 Whetethense@maeonents
have suitable shape interfaces that maée it easier for them ti)}&bfnd nder mechanicalé?rce, ressure,
Slaigll tofidy

and temperdttifd Wi BE i Sop W CARE 1 anE %8155y RPN G e/
componentgan smnmetitiédoe|ative togsalfaee ohibe soladesnppors oy, nretiafoallpthatding the
component i pRArt..e.0.,. via depositi on i verlay, as reviewed above,
by way of a%%%ﬁﬂg%?ﬁlga%%éfﬁéﬁgaicéti%g%%ﬁﬁea?gﬁ%iggh% h’o‘? s?!glfxegrﬁgoirh 'J%%{g)rdrgt Cérmosetting
glue that is (9384 liRke ovarigsisr SamBRIsE it rayye Beniifpehirastadod sturfeanathia epibdsdpove
elements angjpgally wiRtaediofmaksarhriesiural Faptaghaidhe SIRGEdROIBL GanaMierg e laser

removes or densifies an organic material in a binder, leaving a more thermally stable conductive

material belFIRHTOPIBISITRGaIEHE ko 2RREBHEMEIhdSnaeBRICHBARNF &M@ WliBntion also

includes onetorTactief@lecisaicao AunRRis. Jolecl g eempgnestspisiesesiinsl depbtade not
limited to: logic and/or. m mor(éﬁlements,ée_, ., in the form of an in_te[% iated circujt; a power device, e.g.,
r$ i qu

battery, fuelBiF oY CAbad STHERS LGEBIE HAGRSS ML Y §l(PRT RS RYARYRIFElement,
e.g., in the fonto 6f anréaxte nufatielestiat spppibreterharpabsivsobte mantoet. ds, Ebifditetotigesistor, etc.
[29] The varj - . p rfac olid support using a variety of
different pro@%%é&@iqgggr? 6@% g?efﬁ?e%%ggﬁgg%ﬂéﬁi%%e é) fg%t%r e te %?m%% §'that Fﬁ%etlhl? E)( a battery
which is actiRRediporEssest Wi ditesaeh shmpengntastideerigledisulen care battEpasirponents

can be depegitghdieslRntRalfae SRICISURBR SRR EXARIE: &n&%&&&vm#ev%&aﬁxbﬁé% gygporated

onto a surface of the solid sugport, where the solid supPort is fabricated from a material(s) that

withstands FRMERWSeAaile SirPhRIpit B1F 8RR GliSHineAbeERmASRE ceds. theetdiderent

componentsvithitiiecetestiestestad it Bepesied e &asedustar daypoihatistheraltaqhgeito the
solid support. For ex%)mplg%,ﬂo%ﬁ%%fn,have a thin sheet of go[%,J and a layer of CuCl can pe deposited
t

onto the gol%%r&vﬁt%sﬂw Fe2tRAREProACRBENG QEtAcREG R0 tHPLHPEIFoR. SHEHFRRhHE Ers can
also be depdsjiediieid an guitcbcanpasterdken examplesraatitpmtive of SdCirdepositedran goldhean be
broken up i I ' L an in i e icated from the particles. The resultant
ink material@é%ﬁ%gé lﬁ%ﬂﬁoﬁ%@q@%'oﬁgﬁ}‘%@gm% H?ﬁéégg] e%%&%&‘é%% & brei{om{f'wne glid
support. Alstlloseiesashardepie®d cdestiasicepation sonae thergalishiwpkrieiginthintentstigues. In yet
other embodiments, an unpatterned slurry is deposited. In yet other embodiments, "roll-toroll" or
"continuous web" protocols are employed.
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[030] In certain embodiments, the ingestible circuitry includes a coating layer. The purpose of this
coating layer can vary, e.g., to protect the circuitry, the chip and/or the battery, or any components

~ during processing, during storage, or even during ingestion. For example, one may not desire the
circuitry to be"éXpdidi¥6'he body fluids after it is ingested. In such instanBEEUsIYHEesirable to
only have the battery and transmit antennas be exposed to body fluids, with the rest of the circuitry
being protected. In such instances, a coating on top of the circuitry that is ingestible but does not
dissolve until the device is finished doing its transmission may be provided. Also of interest are
coatings thaPr®eRisighad eoplotescttennoéstitde @iratitig dpringrgiorecieigue slissole intheediately
quring use. EATIERMENRS, S92 N0aHBRIAISAN MRAREORIACHIIB R RIEMISHIEN € droftAmach

fluid. Also of interest are protective processing coatings that are employed to allow theé use of
processing $BbshRWETHPBeHERRI & HarmY a'CpEPIdGHponents of the device. For example, in

embodimenigadiens a«biimvsihobatisermaiesiaslenpriiest anieianandPetiamdsaiadused. the

product needs to be %rk(\:; d. However, the dicing process can scratch off the battery material, and also

there might BERQGRI VIS RPHINEHAVEL PEA tl?e%a@ewq{%mscff?ﬂﬁgﬁhH@&BWdWWe. In
such instanchs, aapratectivaepaingrondhes aitery thatpseiantsmeghanicalar deidaoniaagwith the

battery component duriag processing can be employed. Another. purpose of the edible coatings would
e 10 dontrol e Detat Sh SD R e, PaY SO NS s YR AP ene v Lty
electrodes diiddal@iten tdadngpeidod bf somky éngiafivesminmesy, be dissobidapooyntastwitie stomach
fluid may beb%%gl? . j 0 i ly itiv [ .
temperature or p é@g‘éﬁ%}%@gﬁ%ﬁ%ﬁ%t %ere g@ﬁ%ﬁ#y@?ﬁﬁg\% éc@%ﬁ%ﬁ%hﬁﬁgﬁrggw e§ %%[fl!@ésolution
in a controll S@ RERHESRAallbRdcHrBSRACETateapRIN It Oheh e switoodmids tgrsibivive the
stomach butdisgRi¥e ioiheidainstngrate s aelibiereshisrbd Viung aReraRirR iR AeiRy aplvation

until the device leaves the stgmach. An example of such a coating Is a polymer that is insoluble at low

pH, but becERYLEGAIERLA INTRF pRICATO8 HIohh (BRl st SR RIHAE cloL REIaTh eI dRE RSt ctive
coatings, e.giraugsl denrigvidrageiesiiveicoaiiag trabarauBntfiv) Gisylirseexbaipe: ashyaigd by liquid
of the gel cap. .[31] Anather component present in certain embodiments qf the ingestiple circuit is an
activation n?tﬁ&%éﬁ%&%@%_tép’o&ﬁgre%iw ﬁi@gt%%u%oe%%ﬁ '%ﬁ-@-u%ﬂﬁ‘&%g‘ ’%e%%%é IO i (e.g.,
battery). Anaxapiptechisymiocassiigroasitnegscthvitae eleplopetsta pideh ibbamaivthad cbesegyupon

contact it sk sl e e o Ao tisraxaRis e I3paprIoval lagaich of the

circuit that, before it Is removed, keeps the: rom operating. [3 icate ove, Ingestible
circuitry devidenReintatEnvbaree eldipnvihthaitaraysicrashidepediiachaatleayien ditttkattonays. Any

of a variety of Siﬁéw&bpfﬁ@ﬁﬂiﬁﬁﬁﬂé&@%%@&%a@%M@&WM%&HFH&%&E%@&&W

components thereof. For example; molding, deposition and material removal, e.g., planar processing

techniques, SRS SFHRR6 BRleH:\BEhAIRR Aheirs Rigkt RAKISH NSO MEER W cRdSding
surface micthmaaktininenarstibiglkoistrmaghinitgRMmicuescmirgbe ®BPoyRIeBRBEIHAAg

techniques that m e employed in_certain embodiments of fabricating the structures include, but are
i e S o e el
sputtering, elbéagnpeveptsagoraphysarablamat. ddpotitomuhesaiaHl whapedideposiivgsphasrita

enhanced cRemicpAIhd AT stinialsial 9meuaLissilgh el i nBuhare pogmited to:

reactive ion etching, anisotropic chemical etching, isotropic cHemii ching, sacrificia il etching,
planarizatiof?®. §atigsy cRlSeiasan A iRIE D Aitariginaeriod| aicimeleetipnitivéisttiruegs machining
(EDM), etc. AR REINIRRIAMAINSRIMALHOIRR Iy bib'eRsh AL aidgRriR dghe use of

planar processing protocols, in which structures are built up and/or removed from a surface or

surfaces of 3R FIRTAR PEREIK SEEF KR RSRY ROV ArenPIEEREF B M AT SRASEA SpRbinapBSition

protocols apflied thahecatipsisatstiveacsaaugial praviaes I8usisabyaimbricationmatwaspbinterest
are described in greater detajl in PCT application serial nos, PCT/US2006/016370; PCT/
?ﬁ@%ﬂ P‘%‘?/é ‘7@?&3

US2007/02 QR0 F7 I EINES PES/ IR YBD SR AEBET LB dE3bgddKg the
PCT/US200807275 Ithdististlesorte df iekicte are edseinfintiernpstated. byinefereneedefddis mocertain
embodimentg, f.?&ﬁ&%ﬁb &Hl%&%‘&ﬂéé@&@%‘é H(S%?S’%L%WWﬁ%QB%nﬁgﬁY'gﬁcﬁ‘%dce gt ingestible
circuitry. In this bifurcated laminate process, a laminateé’component’Is made separate from~a circuitry
component 2alWinigigtieaitéy freelitie inttsemebr prodessmtesreadicble aizm mahebedmbleyed to
fabricate the disparate components together, since protocols may be employed to fabricate a first
component that cannot be used to fabricate the other, and vice versa. In such bifurcated laminate
protocols, the circuitry and laminate components arggcombined into a single device following separate
fabrication of the two components. To combine the two components, any convenient protocol may be
employed. In certain embodiments, the circuitry component is fixed into receiving feature of the
laminate component, and fixed in place with a suitable adhesive, such as a conductive adhesive. An
example of the use of this protocol for the fabrication of an ingestible event marker according to an

embodiment of the invention is provided below in connection with a description of FIGS, 7A to 7B. [34]
In EICC 7A an initial laminate cheet which inchidec hattaryy elemente and a virtiial dinole ealement (e A



safe pressure sensitive adhesives (including but not limited to, silicon materials, etc.). [35] Fabricated
separate from the laminate component is the circuitry component. The circuitry component may be
fabricated using any convenient protocol, e.g., as summarized above. [36] Next, a hole or passage
720 configuré¥ad%@¢aR7@%he circuitry component (e.qg., integrated circuit ®€YY¥52503{¢5382t in the
resultant laminate component 722 to receive the circuitry component 724, as shown in FIG. 7B. The
circuitry component is then positioned in the passageway and fixed in place with a conductive
adhesive 726, e.g., as shown in FIG. 7B. A variety of conductive adhesives may be employed, e.g., a
polymer filledligigpt@neludiverseridies! olosmukditre propatygleeatngscaonductvitgl ofaheligdidesive

may be modgateiWhesadirsiied, ths aAhesivesanbasavehtndkinalayerff Bisiatng

adhesive. [37] In a variation of the above protocol, a pre-punched lower laminate is employed. In this
embodiment&Re IC is placed onto a pre-punch hole, where prior to placement, the sheet may be

covered withgspIessivasensitiveradinesbiematecat Aiabin eMOL B iah isHEIR RCement during
punching but is remoyed lacement. A second laminate is applied over the top of the

rior to chi P (
chips and th&h %té\f?é‘(?,ﬂe%‘?,c\;‘\ﬁt’wsé‘ﬁ e‘?;’o‘%?‘iﬁé%@%ﬂﬁ%éﬂ%@éBﬁaﬁé%oﬁfE&@@F HaR{%naterial)
is additively mppliedperge, ygclesrplinting Aafini nbswobnauelivenayes, sucamsmitgateshpaper or
plastic, is used.in a.roll-te-roll proge ter this step 1o isolate the two sides. of the battery before the
IEMs are fin§|clbé‘p])[uf'q'];n(:Céulileé?I (r)gfnorlr I%% ?(f %%g éjgsoenm is))/n?% (_t)S %%%ettméq c&é%iu gﬁvﬁ% éﬁaﬁ}%’ K%isc
shaped deviBotaer exprshevm by dasbiéc|irmandtd. # pachuridhedaeutt thrid beéotikeitdiesired

IEM. [39] Tm pg%qudelﬁﬂ%pgﬂ8%|ﬁ§1ds use in, among other applications, fabricating

IEMs that have a virtual dipole, e.g., as described in greater detail in pending United States Provisional
Application Bl RS. BBisaedos R "erRlititp SIECSTM af RYiFeF dat AE FSEae nYdthfienatics
System" an¢hfisistion SepteEReiidacttNa heidigdosuferehiviigR inhewin ngRosaiadhyfeference.
DEVICES Cgmgc%gmn%w Esggglﬂgyce:l C;:r%J I-Iijrllqapufacturing the circuitry structures and
components thereof. For example, molding, deposition and material removal, e.g.,
planar processing techniques, such as Micro-Electro-Mechanical Systems (MEMS)
fabrication techniques, including surface micromachining and bulk micromachining
technigues, may be employed. Deposition technigues that may be employed in
certain embodimenis of fabricating the structures include, but are not limited to:
electroplating, cathodic arc deposition, plasma spray, screen or ink jet printing,
sputtering, e-beam evaporation, physical vapor deposition, chemical vapor
deposition, plasma enhanced chemical vapor deposition, etc. Material removal
technigues included, but are not limited to: reactive ion etching, anisotropic chemical
etching, isotropic chemical etching. sacrificial lift-off 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
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. llustrative fabrication methods of interest are described in
greater detail in PCT application serial nos. PCT/US2006/016370; PCT/
US2007/022257; PCT/US2007/082563; PCT/US2008/052845;  PCT/
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[040] Ingestible circuitry of the invention finds use in a variety of different types of devices. One
example of a device that can include ingestible circuitry of the invention is an application serial
application serial application serial application serial application serial ingestible identifier. Ingestible
identifiers noWRCTHWE20186/016370 published as no. PCT/US2007/08256B(3{HiRseaZho.
PCT/US2007/024225 published as no. PCT/US2007/022257 published as no. PCT/US2008/052845
published as are described in PCT W0O/2006/116718; PCT WO0/2008/052136; PCT

WQO/2008/063626; PCT WO0O/2008/066617; PCT WO/2008/095183; PCT
US2008/053999; and PCT/US2008/077753; the disciosures of which are hetein

incorporated by reference.

[033] In certain embodiments, of interest is a bifurcated laminate process for
preparing a device made up of ingestible circuitry. In this bifurcated laminate
process, a laminate component is made separate from a circuitry component,
allowing greater freedom in terms of processing protocols than may be employed to
fabricate the disparate components together, since protocols may be employed to
fabricate a first component that cannot be used fo fabricate the other, and vice
versa. In such bifurcated laminate protocols, the circuitry and laminate components
are combined into a single device following separate fabrication of the two
components. To combine the two components, any convenient protocol may be
employed. In certain embodiments, the circuitry component is fixed into receiving
feature of the laminate component, and fixed in place with a suitable adhesive, such
as a conductive adhesive. An example of the use of this protocol for the fabrication
of an ingestible event marker according to an embodiment of the invention is
provided below in connection with a description of FIGS. 7A to 7B.

[034] In FIG. 7A, an initial laminate sheet which inciudes battery elements and a
virtual dipole element {(e.g., skirt) of an ingestible event marker is shown being
prepared using a "continuous web" or "roll-to-rofl process". The initial laminate sheet
is characterized by having exposed battery layers, e.g., upper and lower exposed
battery layers, and includes a first battery layer 708, e.g., CuCl layer (e.g., produced
by evaporation, electrodeposition, slurry deposition, silkscreen, or inkjet, efc.), a
second virtual dipole layer 710 positioned on top of the battery layer (i.e., skirt}, a
third current collector layer 712, e.g., Au, Cu, or graphite, etc., which may be a sheet
or printed on the skirt, on top of the virtual dipole layer, and a fourth battery layer
714, e.g., Mg foil. Where desired, one or more of the layers can be made separately
before lamination, so each process need not be compatible with all the layers e.g.,
current collector can be graphite-based, made with a high temperature process,
which may be incompatible with processes and/or materials used to fabricate the
other layers. Layers may be glued together with edible, cellulose adhesive or other
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application serial no. PCT/US2008/053999 published as WO/2008/101107; PCT application serial no.
POT/U52008/056296 published as W0/2008/112577; PCT application serial no. PCT/US2008/056299
published as W0O/2008/112578; PCT application serial no. PCT/US2008/077753 published as
W02009/04 2812 2841 43Blication serial no. PCT/US2008/085048 publishBOEESN®/2B08/070773; and
PCT application serial no. PCT/US2009/36231; as well as pending United States application serial
nos. 12/126,792 and 12/126,798; the disclosures of which are incorporated herein by reference. [41]
An example of such an ingestible identifier is an identifier that includes battery. The battery includes,
when complé#del, presatsiseanitv@slhastyes brabndigebuhers tiwite ctrolgticoompatesiaiss
provided by gphysiological fluid, e.g., stomach acid. When the identifier is ingested and reaches the
stomach, the cathode and anode are exposed to stomach fluid. The stomach fluid (either by itself or
when combiHEPlifREERASRRATEIR & Pt BB JBMREHRLFR EHRIBNdALE tECIdBMBRINROBENAS
described ineNdingitE Eanpliaaiomsgrisd napRalddiE080 HAP2263dhR slissiopius, of whigh is herein
incorporated b refe.rence% acts as the electrolyte component of the battery. Completion of the battery
powers the it '51991@ @¥%tifier which, in turn broadcasts a detectable signal. [42] Identifiers of
interest inclydaajviidigsimitaieleciashage cEtinetefiglawdhich eoasisulesthn dwerelesiredesie.g.,
anode and catho h ttery. en the electrode materials are exposed and come into contact
with the boge fﬁiiﬂ,ﬁ?sel%étggbégﬁgéﬁ id 6 0 %grg t%%@eoﬁﬁutféa etit oy ﬁeC%Wﬂoggﬁ%% with a
dried condu¢tive vadstirirputusonpenpotaitfal alifferewceintidCis7 B vihagerdsige nerateshbettween the
electrodes : ti idation 1 | [ lectrode
matorals A e B o T e e e
invention, sUc$balerits Hiewbitififed Bubhvaiainabromeusiivardiesivesnaryiamk enpeysdsed to the

target site, esgy, the simpRaah fithe digestiuniiasivetoaditiny e phvsioniand-phemigr|eragian of the
composition méﬁgllégﬂ%geﬁﬂi%%al eneration element is present, a voltage is generated. The two
I elect

dissimilar m&t 4P BRARR AP BEAEN MBS s 6 IESEntiRc2 dRRTKE £38 BRic when
put into a cetblaxeidiffieraritrpdlapsats. issoiany, @pldsargd magnesium have different potentials. As a

result, a potenyial difference hbetween the twao dissimilar materials is geperated. [43] In certain of these
embodimen@}; ':ﬁe%:{)]at?er‘;l/a‘pr)'(glfle\'/%rr1 sc())%uréﬁ'ee n%p 3 \ﬁé@\g/%%o s8 &6&7@?@88?&5 E}I\QFLX gligate s
electrochenteaplavectidn thiaridridisstotichesiC isgdapestrimthui plemaar lothe nidoelidy gHiddsand
some tissues;.= ravi iagr i X i fanl tible | ifle ing a
pattory hat LG By B e e
present in aR'@rifc68IGNEH PEQUWRIGh MAlRerMAAHEWErgaingteYIURIrelaueast pigretositeifiuid
combined Wil cefisd. G0REBSHYAANGSHNPEREHERP DV ERiS 6B ATIORIGERALAT o ariiage (V-) and

a high volta%e (V+) as applied to an electronic circuit 14. The polarity of the electrodes are determined

by the connEdioNHBelsaSEh PR N RO BFcARA ANen P ERAIGHP RS st PRIEN 1S ThRTESRY i

embodimenadbitiljt eiphedapngrebltewsersighiadry. tre abthaddbeoreapsvel thecpresimt kyvention
includes reversal of the polarity of the electrodes, such that electrode 13 represents the low voltage
and electrods %é)e%?ggér?trsqi '?/o'ﬁaﬁsé?&rﬁqe%\%ﬁgtﬁfbﬂqs%?Ctﬁg? &gﬁfrHH?cséﬁEJﬁ 1SPIAE #1811 and

El 15, whichwpe stttesighdhe apaieissidefele cthed@shds tre thpadiyrfagechizdl|doiectratiesrdR &d 13 can
be made of Me%%'ﬁ% APRF R @Eﬁe@. the environment in which the identifier 10 will be

operating. The active materials are any pair of materials with different electrochemical potentials, as
long as they @8IwWtinatingiaiiss Popest Usdoe J883921. shown by dashed lines in FIG. 7B, is

punched out to produce the desired IEM.

[039] The above bifurcated laminate protocol finds use in, among other
applications, fabricating IEMs that have a virtual dipole, e.g., as described in greater
detail in pending United States Provisional Applicatiorr Serial No. 60/975,108 titled
"Virtual Dipole Signal- Amplification For Pharma-Informatics System” and filed on
September 25, 2007, the disclosure of which is herein incorporated by reference.
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ingestible, e.g., as described above. For instance, in some embodiments where ionic solution 16
comprises stomach acids, electrodes 12 and 13 may be made of a noble metal (e.g., gold, silver,
platinum, palladium or the like) so that they do not corrode prematurely. Suitable materials are not
restricted to M&tEY4KT 1k certain embodiments the paired materials are dJSERHBHFFIEtals and
non-metals, e.g., a pair made up of a metal (such as Mg) and a salt (such as CuCl or Cul). With
respect to the active electrode materials, any pairing of substances - metals, salts, or intercalation
compounds - with suitably different electrochemical potentials (voltage) and low interfacial resistance
are suitable. [045] Materials and pairings of interest include, but are not limited to those reported in

Table 2 belqye\iARLd g pARMEe Gathede MeatalsMagnesium, Zinc Sodium (t), Lithium (t) Iron and

alloys thereof

[040] Ingestible circuitry of the invention finds use in a variety of different types of
devices. One example of a device that can include ingestibie circuitry of the
invention is an ingestible identifier. Ingestible identifiers are described in PCT
application serial no. PCT/US2006/016370 published as W(0/2006/116718; PCT
application serial no. PCT/US2007/082563 published as W0/2008/052136; PCT
application serial no. PCT/US2007/024225 published as W(0/2008/063626; PCT
application serial no. PCT/US2007/022257 published as WO/2008/066617; PCT
application serial no. PCT/US2008/052845 published as WQ/2008/095183; PCT
application serial no. PCT/US2008/053999 published as W0O/2008/101107; PCT
application serial no. PCT/US2008/056296 published as W(0/2008/112577: PCT
application serial nc. PCT/US2008/056299 published as WQO/2008/112578: PCT
application serial no. PCT/US2008/077753 published as W02009/042812; PCT
application serial no. PCT/US2008/085048 published as WO 2009/070773; and PCT
application serial no. PCT/US2009/36231; as well as pending United States
application serial nos. 12/126,792 and 12/126,798; the disclosures of which are
incorporated herein by reference.

[041] An example of such an ingestible identifier is an identifier that includes
battery. The battery includes, when completed, a cathode, an anode, and an
electrolyte, where the electrolyte component is provided by a physiological fluid, e.g.,
stomach acid. When the identifier is ingested and reaches the stomach, the cathode
and anode are exposed to stomach fluid. The stomach fluid (either by itself or when
combined with a dried conductive precursor medium component of the ideniifier,
e.g., as described in pending PCT application serial no: PCT/ US2007/082563 the
disclosure of which is herein incorporated by reference) acts as the electrolyte
component of the battery. Completion of the battery powers the circuitry of the
identifier which, in turn broadcasts a detectable signal,

[042] ldentifiers of interest include two dissimilar electrochemical materials which
constitute the two electrodes (e.g., anode and cathode) of the battery. When the
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Salts Copper salts: iodide, chloride, bromide, sulfate, formate, (other anions possible)
Fe3+salts:e.g.orthophosphate, pyrophosphate, (other anions possible) Oxygen or hydrogen (if) on
platinum, gold or other catalytic surfaces Intercalation compounds Graphite with Li, K, Ca, Na, Mg
Vanadium oxiti@ Mt¥janése oxide PCT/US2009/053721

electrode materials are exposed and come into contact with the body fluid, such as
stomach acid or other types of fluid {(either alone or in combination with a dried
conductive medium precursor), a potential difference, that is, a voltage, is generated
between the electrodes as a result of the respective oxidation and reduction
reactions incurred to the two electrode materials. A voltaic cell, or battery, can
thereby be produced. Accordingly, in embodiments of the invention, such batteries
are configured such that when the two dissimilar materials are exposed to the target
site, e.g., the stomach, the digestive fract, etc., during the physical and chemical
erosion of the composition in which the signal generation element is present, a
voltage is generated. 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. As a result, a
potential difference between the two dissimilar materials is generated.

[043] 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
diagrammatic representation of an ingestible identifier 10 having a battery that is
compieted by stomach fluid. First and second electrode materials (12 and 13) are
present in an ionic solution 16 {which may be made up of target site fluid alone or
target site fluid combined with a dried conductive medium precursor). This
configuration creates a low voltage (V-) and a high voltage (V+) as applied to an
electronic circuit 14. The polarity of the electrodes are determined by the connection
needs of the electronic circuit 14 and the design as illustrated is just one
embodiment. Thus, it will be apparent to one skilled in the art that the scope of the
present invention includes reversal of the polarity of the electrodes, such that
electrode 13 represents the low voltage and electrode 12 represents high voltage.
The two outputs of that electronic circuit 14 are EQ 11 and E1 15, which are the
signal-transmission elecirodes on the top surface.

[044] Electrodes 12 and 13 can be made of any two materials appropriate to the
environment in which the identifier 10 will be operating. The active materials are any
pair of materials with different electrochemical potentials, as long as they are
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Protected anodes: certain high energy anode material such as Li, Na, and other alkali metals are
unstable in their pure form in the presence of water or oxygen. These may however be used in an
aqueous environment if stabilized. One example of this stabilization is the so-called "protected lithium
anode" deveBeH N P3Rplus Corporation (Berkeley, CA), where a polynRGEiliigdsdctited on the
surface of lithium metal to protect it from rapid oxidation and allow its use in aqueous environment or
air ambient. (Polyplus has IP pending on this). tl-Dissolved oxygen can also serve as a cathode. In this
case, the dissolved oxygen in the bodily fluids would be reduced to OH- at a suitable catalytic surface
such at Pt oif§éietiigs ¢ 6f i s pesceized iebavey frogestanechyilkyes esthatiorerdaetimre ip48] In
certain embogdimpntsensiReNB NSNS raRchesepes Y@ neamsiah&g-of fiance the

voltage output of the battery. Non-metals that may be used as doping agents in certain embodiments

include, but &3 JEHemiteelfo SUYRGIPIBEME AR R IRE O1[Hg IHeLagiH8hiPEYiARAR, SRE@Bctrode

materials argreupiausiiodingifibi) onatnrges shiolide asdheeaihegde Aachimagnreiwm ddalimetal or
magnesium all t invention use electrode materials that are

the anode. Embodiments of the prese
not harmful m%%?ﬂ‘%ﬁ B}?dy.a' (4 ]W@?ﬁ%%ﬁﬁ%ﬁﬁ%rﬁgmﬂg%ﬁﬁeﬁ@g ARV BiSalPi@mifactor.
Batteries mapaiersoiaut20framze ssoahens dig) about S fvndhoasOaleursbcl). a¥ith Gavpagior
smaller, inclyding O r ler, i ing 0.0 3 ar smaller, In certain embaodiments, the
battery elem%nﬂ% dall]rcn@rglr;%%gg 0 %aﬁ/%{%:rl/%%ﬂ%@néﬁqéﬁ%rﬁga %u%%%f m {Beat IS’Uts n%)rtﬁ e.g.,
from about OMensaiaBoabenROUNES, iniilidanidkdyndifirrand Satine themal Rotantiaideivgttagahging

from about Q,Q4 B de-AReL4 wﬂﬁb@&e framhout 0.1 mm to about 20 mm, 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 Hiotht MairTiaischidimeiioas M otietesinlgassitrsiahimies trHbesgestsiéedentifier
10 uses the jpoitaige paseriial difference to power up electronic circuit 14.In one embodiment, the
electronic circuit 14 modulates conductance to create a unique and identifiable current signature.

TABLE 2
Anode Cathode
Metals Magnesium, Zinc
Sodium (1), Lithium (1}
_ Iron and alloys thereof
Salts Copper salts: iodide, chioride, bromide,
sulfate, formate, (other anions possible)

Fe™ salts: e.g. orthophosphate,
pyrophosphate, (other anions possible)

Oxygen or hydrogen (t1) on platinum,
gold or other catalytic surfaces

Intercalation Graphite with Li, K, Ca, | Vanadium oxide
compounds Na, Mg Manganese oxide
T Protected anodes: certain high energy anode material such as Li, Na, and other alkali metals

are unstable in their pure form in the presence of water or oxygen. These may however be used in an
aquecus environment if stabilized. One example of this stabilization is the so-called “protected lithium
anode” developed by Polyplus Corporation (Berkeley, CA), where a polymer film is deposiied on the
surface of lithium metal to protect it from rapid oxidation and aliow its use in agueous snvironment or
air ambient. (Polyplus has P pending on this).

tTbissolved oxygen can also serve as a cathode. In this case, the dissclved oxygen in the bodily
fluids would be raduced to OH- at a suitable catalytic surface such at Pt or gold. Also of interest
dissolved hydrogen in a hydrogen raduction reaction.
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[50] In certain embodiments, the battery has a laminate structure. As indicated above, a laminate
process may be employed to fabricate ingestible circuitry in accordance with the invention. An
example of such a laminate process is illustrated in FIGS. 2A to 2D. In FIG. 2A, structure 21 is made
up of circular Y@ 8#f¥ef8i1732, e.g., gold, and has patterned areas of an ele®g@dd&srmesstisuch as
CuCl, patterned on its surface in the form of four distinct quadrants 24. The Cud! regions 24 may be
produced on the surface of the foil via any convenient protocol, such as evaporation. Also shown is
area 26 which lacks electrode material and is configured to receive an integrated circuit. In FIG. 2B,
structure 21 [§4@kdoreastaiigsbpgorens, whizlosbpiboof ihenaudadd arainyestipednaitbrialneny., as

described abgugy STYCtyseLh MRy *?ﬁepl%‘ﬁ%%Q'H&SHPBPfEg%&t@#ﬁ%ﬁ{rﬁ@%@ﬁé@ﬁaﬁ% support

components are stably associated with each’other, e.g., by press-fitting the structure

23 or gluing YER-ERFSIORIHROSIBHBY CoTalinfsRBasIME Iraljs e misgestrlicuied ot wfgrsupport
23. While thexgetiugregrshpwn in FIGS. 2A and 2B illustrate a protocol in which structure 21 is
produced before placement on support 23, in another embodiment the metallic foil 22 is first placed on

support 23. FEhBiRg AR EN RSP RERficlRGI oot SpBle s tRES e RS i aing i dieBfrode
material 24 aupmoseostide thetsurdateabrathiiedobdn A nistalivegraiad HieUHIRY iss

positioned i e and connected to metallic foil 22. Finally, in FIG. 2D, a coyer. layer 27 (e.g.,
fabricated fﬂ)h%t?%egsggmé% m% e%r'fgfegsstﬁﬁ Sﬁl?p 'E)er%eﬂ VN n%'l%’i/tpé eef%(fgfﬁfﬂgr %?ngiﬁb %ositioned
(e.g., with am@idestile soheshesavepdiructure 21 to produce a final ingestible circuit device that

i é iigss_mégture, the

includes a sgliglsu ; |5|,trﬁ% ILCu diiﬁ{i[%c f r
metallic foil Ifé&ﬁ ngsee%g@ ast eaﬁgﬁéétﬁé%%{%%ect aeét?vﬁﬁi?fﬁgﬁ? é%rgéﬁse%c?romc
componentsP® APME #RebiEied! RGNS e ARSISS| AnaNAr @ SsIdABISORRTRSS lfatuTdf the

support. (54 ffferd Abieliales aneiiernabesiienialadgminaie e sssdhamay pesmploed to

construct an ingestible circuit device of the invention. In FIG. 3A, structure 30 has been produced by
first providinG BARHUEER Ry Kie3 PR Y RIBRISG S P IENNIRRER: RyRAR & , Woll) sang Hen
deposited onthatstifacarafiteiase 1ayemal. Next-elecedernataivis3db 6.8 2 M, isdlanagited on
surface of metallic layer 33. Finally, insulating layer 35 is posjtioned over electrode layer 34, which
insulating Ig];/rgrm m%?/ i\?égczmgh?oreé&gHt%lnrgﬁ%h mtg.ég,ngyg;}é%ﬂ.b@ECthc%rqﬂe%ﬁ%éﬂoﬂe
description 410RIGS),2Ag0 20M HERjUNFIGN8Bicaabiote @ated ciretlitBbchavimgad day €. Hhansesond
electrode magetjal .g , i itj i tikl part. 38, T
assemble th%%r@l%@v‘ﬁ:’e??@e%ﬁ@%g %@rﬁgﬁ %Eﬁg %%%ﬁ%zqugﬁggb agr%%r%h?osvg%d{ahgh‘&rx 'ét?ﬂoc ure 30,
providing expRRedCREtaNE 18\Rhoss 2TAIE. drplosétDriteraliboayér BBIIs thexbposioriethover circuit 36

and supportigadp yigldHi SnakdesirarAeicesc fld G4 @%E@Fﬁ%ﬁ&ﬂ?&%@%&f&?ﬁ%ﬁ%mw be

employed to fabricate ingestible circuits in accordance with the invention. In FIG. 4, a circuit structure

40 that inclUESTRG&ER  ird fit 41NcAMife SBIPRSIRRNGIfBR RIBRIIRIBISEYIid4 modulates

conductance to create a unique and identifiable current signature.

[050] In certain embodiments, the battery has a laminate structure. As indicated
above, a laminate process may be employed to fabricate ingestible circuitry in
accordance with the invention. An example of such a laminate process is illusirated
in FIGS. 2A to 2D. In FIG. 24, structure 21 is made up of circular metailic foil 22,
e.g., gold, and has patterned areas of an electrode material, such as CuCl,
patterned on its surface in the form of four distinct quadrants 24. The CuCl regions
24 may be produced on the surface of the foil via any convenient protocol, such as
evaporation. Also shown is area 26 which lacks electrode material and is configured
to receive an integrated circuit. In FIG. 2B, structure 21 placed onto solid support 23,
which support is made of an ingestible material, e.g., as described above. Structure
21 may be placed onto support 23 in a manner such that the two components are
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interconnecting conductive lines 43 is first produced on a removable backing 44. After production of
circuit structure 40, backing 44 is removed and the circuit structure 44 is positioned on the surface of
~ingestible support 45. The protocol illustrated in FIG. 4 may be employed in processes where
parameters oWéEURERIBuUre production (e.g., chemicals, temperatures, PfESEE?&%)@pE2Ihcompatible
with the solid support material. [54] FIG. 5 illustrates a variation in which a conductive ink is employed
to provide conductive interconnects between different components of an ingestible circuit device. In
the device shown in FIG. 5, ingestible support 51 has displayed on its surface four different electrodes
(made up ofss#ddyredeatiatedaljiB Zapbgitiered gt.dovarassréigion biesajspoitrsl2drerfuusiepmsct pads
3. InterconpacinglFAGIFIRAIRIZ A QNS R I5mdie AHEPIANEINS iRkaletAlRt e complete

the structure, an integrated circuit is bonded to pads 53 and then a layer of protection material is

positioned o%ér REsBHRRY et g e SemEnsae bR iis Figogbuans BB dhsitaiendIG. 2D.
[55] In certaiyiistancaswimsar sRiQIRNP My beoairiayeeisitingatatiisatiadhokingrstiig circuits of
the invention, e.g., as illustrated in FIGS. 6A and 6B. In FIG. 6A, a blanket (i.e., nan-patterned) layer of
metal 61 s ASBSHbA OROLLIREA 6t B1% e T 22, FpiFE b D156 O e BR O ERicrPLP YRS layer
61 is integraptabeirasit 68ridexliclésiepaticcoppis i feyeatitarecanepaticrsteddeataltaier 61 to
roduce antenna structure 64 and 65 on surface,of.s 62. estible identifier t include
P oestinie i Brduedofle SRR R tARe Al SIRRAS o o e e B
interest is theas§iooeehin iatrssRfl@identfieestad ingestiblicelpdrt2n fketly (IENFEE. | Bk stiblvevent

markers ca in bo i r%[hf? JtiC icati d ' in PCT
application rs]é%r%aﬁjgzd%}(‘ﬁ’ lbagggé%éﬁ)ﬂ%@g%u IS eﬁ%&%@g?‘l@%@ P 9i’rﬁ%g%:‘fe{ttllikeg?rllgserial no.
PCT/US2007¥082588 3 BRshediakly\Wesitiooerbzaaaviba Apgaridtlerrdbraivee over structure

POT1US20074 034325106 lishaeksniEURMO 36 2% e TiARPlisalivR SeXialdiet support, an
PCT/US2007/022257 published as WO/2008/066617; PCT application serial no. PC?FU82008/052845

published adP&/P607H8E1 S819 e Spfiichirr @sraplrsIeeasus bk /B8 8t p timidneiRds
WO/2008/103il 0yePET enphcaionhsctiahiociRe THEseiiiObbeRkpriehadies i @I@8edkl 2577;
PCT application serial .no. PCT/US2008/056299 published as WO/2008/112578: PCT application
cerial o, PETURHb0RI07 7o A L Do S 2 Ee T AL R LEliar o e
PCT/US2008/086048 publishpdras WO 2009/070773; and PCT application serial no.

TSR eyl S R s TR

12/126,798;t isclosures of which are incorporated herein erenc

these ingest@TPBYER FapROSHAY AppReasoRietalirgidt sagvicehareities iyesiieallyninEdpotdted herein
by referenceyd ReliaP @atinAPBACAlGRRIES0E5 G IdenHIRE AtermROMeNs Whestalpgst in

some instances, the identifier is associated with a pharmaceutical composition. Medical embodiments

of the preselVRtaatMPHRYGIRY BhdinidaiaAdhps R REPesEemh e enardpea®d HBlRasRentarium:
automatic dedeetian anesitendticatomefipharsmceytical.ayentsgstdaty delivaretints methindy. The
applications,of thig hew. information device ang system are multi-fold. lications include, byt are not
it to: PO D EA AR, B eI T T S (el
therapeutic negiitaéing baged omagatient contplidncegi¢Bs monitosinovpatieatocoraplialeserbainical trials;

(4) monitorir&%m qu K I £Bi d ikg, Each of these different illustrative
applications Is regﬁ%%eﬁﬁpgrga%?%{égtgm%C@gbg?ﬁa‘%i?r?'serial no. PCT/US2006/016370 published

as WO/2004258 7 I8 M@ T HppReatibasaird ¢ort B 580D 082863 pifbisheecas \9ierode/052136;

PCT applicaiareagrialne. &> Gié é?@%ﬁaé@%ﬁe%@iisEg%a%dN&(%@%@é@@%%%a@@@Ji%tion
serial no. PCT/US2007/022257 published as WO/2008/066617; PCT application serial no.

PCT/US20087555848 B3 i8R 424k dIe0mires5 18¥S P&l alih RAAIHIISIBNES 7 PETIRID(RSE/053999
DO 008 A B T o 78

. a p IcCallon serial n Ishe S ) ;
PO applioatils e RS Bt SPear b Rt S Q5 o LT o1 IEREes Q8 Rntion soria
no. PCT/USHEEE/GHE048 [Hilsiskied &5 WOLO0WATOTT tmdRGT Eopticatioyeseiial iabricate

POTIS20033ARK SRR T Rendlomn g Sss, aRplreYarReral neR AR Az ead

12/126,798; sclosures o are incorporated herein by referencte. e understood
that this invédoiidutsdiniitearasasamiceHiir €isodiaeiad destrdedfasenichlesipdesy 4R igialso to be
understood that the terminology used herein is for the purpose of describing particular embodiments
only, and is not intended to be limiting, since the scope of the present invention will be limited only by
the appended claims. 17



[59] Where a range of values is provided, it is understood that each intervening value, to the tenth of
the unit of the lower limit unless the context clearly dictates otherwise, between the upper and lower
limit of that range and any other stated or intervening value in that stated range, is encompassed
within the invB#igHYTHE Bpper and lower limits of these smaller ranges mBYEAFapIeTHly be
included in the smaller ranges and are also encompassed within the invention, subject to any
specifically excluded limit in the stated range. Where the stated range includes one or both of the
limits, ranges excluding either or both of those included limits are also included in the invention. [60]
Unless defiretésperassogdatiaadnoival hirebsimiffrstmnscused wyainrbony diteshankingdding as
commonly Unlersiradricinc.prarelinack kil e, 2pdaamlichue RYRaen Brlenge Llifguan any

methods and materials similar or equivalent to those described herein can also be used In the practice
or testing of THEGHER A iV e1RRHiCRprasetativerincstativeapsiflsa swrphABridisarkravgol

described. [fddtAdtqublicrigns andpalenimeigrbin thipereaésationaase hatainiBrorpoiadby
reference as if each individual publication or patent were specifically and individually indicated to be
incorporated BYFEHErdHOS WP R r &FifooPTRISA Fre FEMRST FEHEG & ECPHISSb 56 iaFaaY ARG he
methods andiidr thatesialsupportmeat@ialvith which the publications are cited. The citation of any
publication i its-disclogure prior to the filing date and should not be constryed as an admission that
the present n\/t% ti%%?s%nbﬁtuéﬁrl 2d ?o"%ﬂ?é‘gé‘t%’s‘ﬁ}é C%pl?bﬁ(c}gfllijgﬁnt\ﬁ? Virte %ﬂ?trlllo ‘%ﬁ&@rﬁf&ﬁ{! urther,
the dates ofqsuislisitven iptetidotanisy betdiffarediffeornithecautoakpislicfation thaestiviichinnaly need to

be independgntly.confifede 82 kI s natediBats a5 Hasthi r&éﬁ{;ﬁgﬁ%ﬂ%@ﬁ%ﬂw clajms, the

singular forms "a", "an", and "the" include plural referénts unles context clearly dictates otherwise.

It is further fotdact f4h&itRian plegiisserdiadtowxeludiecirsdemstrial)cire Mogdonashatids
statement isssigstdedith BYERDAHECREIBLPaSHLer Fé@s@ﬁ%ﬁ%mwg@am%s&%ésolely,"

"only" and the like in connection with the recitation of claim elements, or use of a "negative" limitation.
[63] As will 5& &GBAFRM: R8IHE S B K anae e (FomAleliah §nitoroatmicie ha st e idbividual

embodimentstedgatstiecrand iHustrated herpiubasdimstieteompanants pnckéeatnanavbich may be
readily separated from or cqmbined with the features of a f the other several embodjments without
departing frgr%g{ E%ngc{jgg\é%&@ﬁiﬁ of ﬁ?elﬁ?gisn&F Weﬁfgﬁp%/&r&)s’ %ﬁ&&‘ﬁl&tﬁaoad‘ékﬂ%‘ésc%%ﬁ outin
the order of dvamtsingdife®EY. in any other order which is logically possible. [64] Although the foregoing

invention ha@_ggfr}rggg&ré' _ %ng (?gg%p Bgﬂ/&ﬂ;{i!@ i”@r%%owg%%rﬁm%ﬁgg%Q}H[:%%ﬁse?f clarity

of understanding, it is readily apparent to those of ordinary’s | e teachings of this
invention thHARSHRIR SHaHieLhHENTOEREAoSsInmAs Hbusisedher &G Fithduane pifing it the spirit
or scope of §)¢ appaRAsH cRimen [SalAaeasdndy dhePracefingBlsisdiptRigR theRiingiples of

the invention. It will be appreciated that those skilled in the art will be able to devise various

arrangementGHIRIE SHRBAGP Aot EIIHEREHRE RibSHISP HomAiHdAYR!, Bhisotie@@isineiists of the
invention argBarkdntludeer withiaritingpigt empisgepetd-vsthenposeriadhexamplempmng eprslitienal
language recited herein are principally.inten to aid the reader in erstanding the principles of the
invention arfd ¢ Céaoﬁr&% gac%tﬁﬂ?g‘fﬁ%g‘g%é:ag%%rﬁgﬁé?g ﬁﬁﬁ%’r‘?ﬁéﬂ%% art, and are to be construed
as being witldé] lingattbicodediispe tiic algludeited estinepiesiding o tioven td o risoy es aih
statements hereinreciting.grngcip! : e ' ts of the inventign as wel specific
examples thgerg%ﬁjegﬁre%ﬁtge!ﬁgé%{ E)géaﬁcﬁc?ﬁ%%g@é zd?)ﬂ?u s?ﬁ@%%%gn8ﬂd&§ﬁ§{al%cﬁ%j§étéﬁe¢%oof.

Additionally NERSIHEn e iHar S @éh iegesiilenty el ioerkers divismtyrassiipie qrivaleneiserd
eqUIVa|entS&ﬁ%’%@%@dﬁﬁ%ﬁh‘ﬁ%@ra?%utﬁ:”é(r@%ﬁﬁr‘%éf‘ﬁ@lﬁ@%éﬂ@éﬁ@(&?%&%@@%?%@'?”’
regardless of structure. The scope of the present invention, therefore, is not intended to be limited to
the in PCT application serial no. PCT/US2006/016370 published as WO/2006/116718;

PCT application serial no. PCT/US2007/082563 published as WO/2008/052136;

PCT application serial no. PCT/US2007/024225 published as WO/2008/063626;

PCT application serial no. PCT/US2007/022257 published as WQO/2008/066617:

PCT application serial no. PCT/US2008/052845 published as WQO/2008/095183;

PCT application serial no. PCT/US2008/053999 published as WO/2008/101107;
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exemplary embodiments shown and described herein. Rather, the scope and spirit of present
invention is embodied by the appended claims. What is claimed is: 1. An device comprising: a
support; a first electrode connected to the support; a second electrode connected to the support; and
a control circHY¥é? i8@tGRing current flow, wherein the control circuit is seBUF&EEE6EHESEIPport and
wherein the first electrode is electrically coupled to the control circuit at a first input and the second
electrode is electrically coupled to the control circuit at a second input, wherein the first and second
electrodes are made of dissimilar materials that are capable of providing a voltage potential when in
contact with A corappihagdluigerial no. PCT/US2008/056296 published as WO/2008/112577;

PCT application serial no. PCT/US2008/056299 published as W(0/2008/112578;
PCT application serial no. PCT/US2008/077753 published as W02009/042812; PCT
application serial no. PCT/US2008/085048 published as WO 2009/670773; and PCT
application serial no. PCT/US2009/36231; as well as pending United States
application serial nos. 12/126,792 and 12/126,798; the disclosures of which are
incorporated herein by reference.

[057] The disclosure of these ingestible event markers and applications for the
same therein is specifically incorporated herein by reference. Therapeutic
applications of ingestible identifiers are embodiments where, at least in some
instances, the identifier is associated with a pharmaceutical composition. Medical
embodiments of the present invention provide 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 multi-fold. Applications include, but are not limited
to: (1) monitoring patient compliance with prescribed therapeutic regimens; (2)
tailoring therapeutic regimens based on patient compliance; (3) monitoring patient
compliance in clinical trials; (4) monitoring usage of controlled substances; and the
like. Each of these different illustrative applications is reviewed in greater detail in
PCT application serial no. PCT/US2006/016370 published as WOQ/2006/116718;
PCT application serial no. PCT/US2007/082563 published as W0/2008/052136;
PCT application serial no. PCT/US2007/024225 published as WO/2008/063626;
PCT application serial no. PCT/US2007/022257 published as WO/2008/066617;
PCT application serial no. PCT/US2008/052845 published as WO/2008/095183;
PCT application serial no. PCT/US2008/053999 published as WQ/2008/101107;
PCT appiication serial no. PCT/US2008/056296 published as WO/2008/112577;
PCT appiication serial no. PCT/US2008/056299 published as W(O/2008/112578;
PCT application serial no. PCT/US2008/077753 published as W02009/042812; PCT
application serial no. PCT/US2008/085048 published as WO 2009/070773; and PCT
application serial no. PCT/US2009/36231; as well as pending United States
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2. The device of Claim 1, wherein the control circuit is activated when the device contacts the
conducting fluid, which causes a voltage potential between the first and second electrodes that powers
the control circuit. 3. The device of Claim 1 wherein the control circuit produces a unique current
signature by EnBONNRY e current path created between the first and secBfitiéteety®aerthrough the
conducting fluid. 4. The device of Claim 1 wherein the support and control circuit are ingestible and at
least one of the first and second electrodes is digestible. 5. The device of Claim 1, wherein the first
and second electrodes are created through deposition of a digestible material onto the support. 6. The
device of Claippltatintheetahmprisinte/adfaéRmgiay 24 26|¢88e thypedlatiinates oh vhekideahereof to
the ba_cking #ﬁé’@ﬁéoraﬁ@d'ﬂ@?@!ﬂ%&a}'&%m@ned on one side_ the_reof next to the release layer on a s_ide
opposite from the backing layer and laminated on the opposite side to the first electrode. 7. The device

of Claim 6, UfeBbinttHe dGp et Hefsesead afertuidifor vesiinny 1he tointhonitadulpthagibcelgttrically
coupled to tenReMndmiceEqefbed, as such may vary. it is also to be understood that the

terminology used herein is for the purpose of describing particular embodiments
only, and is not intended to be limiting, since the scope of the present invention will
be limited only by the appended claims.

[058] Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limit uniess the context clearly dictates
otherwise, between the upper and lower limit of that range and any other stated or
intervening value in that stated range, is encompassed within the invention. The
upper and lower limits of these smaller ranges may independently be included in the
smaller ranges and are also encompassed within the invention, subject to any
specifically excluded fimit in the stated range. Where the stated range includes one
or both of the limits, ranges excluding either or both of those included limits are also
included in the invention.

[060] 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 aiso be used in the practice or testing of
the present invention, representative iliustrative methods and materials are now
described.

[061] 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 disciose and describe the methods and/or materials in connection with
which the publications are cited. The citation of any publication is for its disclosure
prior to the filing date and should not be construed as an admission that the present
invention is not entitled to antedate such publication by virtue of prior invention.
Further, the dates of publication provided may be different from the actual
publication dates which may need to be independently confirmed.
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WO 2010/019778PCT/US2009/053721 8. The device of claim 7, wherein electrically coupling of the
first electrode to the control circuit is achieved by removing the backing layer and the release layer to
expose the metallic layer and wherein the metallic layer is electrically coupled to the control circuit at
the first input Wer8HEBUBling the first electrode to the control circuit at th@@FgEsepand72Ihe device of
Claim 1, wherein the control circuit and the electrodes are electrically coupled by depositing a line of
conductive material between each input of the control circuit and each of the electrodes on the surface
of the support. 10. The device of Claim 1, wherein at least a portion of the control circuit is covered by
a protective [8§81. 1tlis Actestibat ofp cschadiegcan ddderntiftableppgestoleldericéHbairg Wpefatinnal

b o 1 13

a’, "an’, and “the” include plural referents unless the coniext clearly dictates
otherwise. Itis further noted that the claims may be drafted to exclude any optional
element. As such, this statement is intended to serve as antecedent basis for use of
such exclusive terminology as “solely,” “only” and the like in connection with the
recitation of claim elements, or use of a “negative” limitation.

[063] As will be apparent to those of skill in the art upon reading this disclosure,
each of the individual embodiments described and illustrated herein has discrete
components and features which may be readily separated from or combined with the
features of any of the 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.

[064] Although the foregoing invention has been described in some detail by way of
llustration 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.

{065] Accordingly, the preceding merely illustrates the principles of the invention. 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
principies of the invention and are included within its spirit and scope. Furthermore,
all examples and conditional language recited herein are principally intended to aid
the reader in understanding the principles of the invention and the concepts
contributed by the inventors to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and conditions. Moreover, all
statements herein reciting principles, aspects, and embodiments of the invention as
well as specific examples thereof, are intended to encompass both structural and
functional equivalents thereof. Additionally, it is intended that such equivalents
include both currently known equivalents and equivalents developed in the future,
i.e., any elements developed that perform the same function, regardiess of structure.
The scope of the present invention, therefore, is not intended to be limited to the
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upon contact with a conducting fluid, the method comprising the steps of: providing a first laminate
comprising an electrode and an anode to form a voltage potential there between when the ingestible
device comes in contact with the conducting fluid; defining an aperture in the first laminate for
receiving a ciYeRitA}¥MpPbnent; fixing the circuitry component in the apertBfd W Q/eBHREUCtive
adhesive such that the circuitry component is electrically coupled to the electrode and the anode;
controlling current flow through the ingestible device and the conducting fluid to produce a unique
current signature. 12. The method according to Claim 11, wherein the first laminate further comprises

an internal c@ﬁﬁﬂ]@fﬁfé I@V@ﬂ@i@ﬁ’ﬂt&ﬁ*ﬁ@ﬁbéfﬁtmrﬂ@e@ aeaim- 1 Ballteirdiretisediretaasgrité further
comprises apripteERAL WKL SRLI8 A Eied by the appended claims.
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14. A device for indicating the ingesting of a pharmaceutical product, the device comprising: a
support comprising a conductive layer including a plurality of electrically isolated sections; a
plurality of eIectrodesdoositioned on the support, each of which is deposited on the suﬂc% ort and

electrically coneEY 8 3he of the plurality of electrically isolated sections SR ESRET Hive layer;

a control circuit comprising a plurality of inputs, wherein the control circuit is positioned within an
aperture defined by the support such that each input is electrically coupled to one of the plurality of
electrically isolated sections thereby allowing the control circuit to independently control current flow
through each of the plurality of electrically isolated sections to generate a current signature that
indicates th ct with a conducting fluid; and a layer of protective material for
covering the control circuit wherein the protective material protects the control circuit as the control
circuit is activated when the plurality of electrodes come into contact with the conductive fluid. 15. A
method for p}loduci E%Y&jeenﬁﬁ@rp 5idicate the presence of conducting fluid, the method comprising
the steps of: a support;

a first electrode connected to the support;
a second electrode connected to the support; and
a control circuit for controlling current flow, wherein the control circuit is
secured to the support and wherein the first electrode is electrically coupled to the
control circuit at a first input and the second electrode is electrically coupled to the
control circuit at a second input, _
wherein the first and second elecirodes are made of dissimilar materials that
are capable of providing a voltage potential when in contact with a conducting fluid.
2. The device of Claim 1, wherein the control circuit is activated when the device
contacts the conducting fluid, which causes a voltage potential between the
first and second electrodes that powers the control circuit.
3. The device of Claim 1 wherein the control circuit produces a unique current
signature by controlling the current path created between the first and second
- electrode through the conducting fluid.
4. The device of Claim 1 wherein the support and control circuit are ingestible
and at feast one of the first and second eliectrodes is digestible.
5. The device of Claim 1, wherein the first and second elecirodes are created
through deposition of a digestible material onto the support.
8. The device of Claim 1, further comprising:
a backing layer;
a release layer laminated on one side thereof to the backing layer; _
a metallic layer positioned on one side thereof next to the release layer on a
side opposite from the backing layer and laminated on the opposite side to the first
electrode.
7. The device of Claim 8, wherein the support defines an aperture for receiving
the control circuit that is electrically coupled to the second electrode.
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laminating a non-conducting element between first and second dissimilar materials to create a support,
such that the first and second dissimilar materials provide a voltage potential when in contact with the
conducting fluid; removing a portion of the first and second dissimilar materials from the perimeter
of the support&AiHP % non-conducting element is exposed to create & SkiS?*"&&ing a circuit
within a hole defined by the support such that the circuit is electrically coupled to each of the dissimilar
materials using a conductive adhesive; and activating the circuit that controls the flow of current
between the dissimilar materials throu%h the conducting fluid to indicate the presence of the

conducting fidid. 167 Eheavetebcitldinvierfirisladiraly SPePine SbPefiEst lrgradritibell

through oxidation agghepslustion reacinnewbendhriiig anssesong dissimiarmaterdaleargdn contact
with the conducting fluid. 17. The method of Claim 16 further c%mprisinaq ,thc? ste§p of glroducir]g a
unique current sign@FERPER UAR BRGNS tﬁ@%@’%ﬁ’ﬁ%’ﬂ ine” metdlic layer is Stectrical

coupled to the control circuit at the first input thereby coupling the first
electrode to the control circuit at the first input.

9. The device of Claim 1, wherein the control circuit and the electrodes are
electrically coupled by depositing a line of conductive material between each
input of the control circuit and each of the electrodes on the surface of the
support.

10. The device of Claim 1, wherein at least a portion of the control circuit is
covered by a protective layer.

11. A method of producing an identifiable ingestible device that is operational
upon contact with a conducting fluid, the method comprising the steps of:
providing a first laminate comprising an electrode and an anode to form a

voltage potential there between when the ingestible device comes in coniact with the

conducting fluid;
defining an aperture in the first laminate for receiving a circuitry component;
fixing the circuitry component in the aperiure with a conductive adhesive such
that the circuitry component is electrically coupled to the electrode and the anode;

| controlling current flow through the ingestible device and the conducting fluid

to produce a unique current signature . .

12. The method according to Claim 11, wherein the first laminate further
comprises an internal conductive layer.

13.  The method according to Claim 11, wherein the first laminate further
comprises an internal virtual dipole layer.

14. A device for indicating the ingesting of a pharmaceutical product, the device
comprising:

a support comprising a conductive layer including a plurality of electrically

-isolated sections;
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WO 2010/0197781'CT/ES2009/053721 18. The method of Claim 15 wherein the conducting fluid is
physiological fluid. 19. The method of Claim 15 further-comprising the step of securing the identifier to
a pharmaceutical product to produce a tagged product such that activation of the circuit is an indication
that the pharnf&@étHedPprdduct of the tagged product is in contact with phSBIcgREAIFaETaL 20. The
method of Claim 19 further comprising the step of sealing the tagged product with a coating such that
the tagged product is sealed from the physiological fluid for a predefined period of time until the
coating is dissolved by the physiological fluid thereby allowing the tagged product to reach a target site
at which time the tegyghdaitydictisctirpesabsiitnegtysibR gidpidditidach of which is deposited

on the support and electrically connected to one of the plurality of electrically
. isolated sections of the conductive layer;

a control circuit comprising a plurality of inputs, wherein the control circuit is
positioned within an aperture defined by the support such that each input is
electrically coupled to one of the plurality of electrically isolated sections thereby
allowing the control circuit to independently control current fiow through each of the
plurality of electrically isolated sections to generate a current signature that indicates
the device is in contact with a conducting fluid; and

a layer of protective material for covering the control circuit wherein the
protective material protects the control circuit as the contro! circuit is activated when
the plurality of electrodes come into contact with the conductive fluid.

15. A method for producing an identifier to indicate the presence of conducting
fluid, the method comprising the steps of:
laminating a non-conducting element between first and second dissimilar

materials to create a support, such thét the first and second dissimilar materials

provide a voltage potential when in contact with the conducting fluid;

removing a portion of the first and second dissimilar materials from the
perimeter of the suppart such that the non-conducting element is exposed (o create
a skirt;

securing a circuit within a hole defined by the support such that the circuit is
electrically coupled to each of the dissimilar materials using a conductive adhesive,
and

activating the circuit that controls the flow of current between the dissimilar
materials through the conducting fluid to indicate the presence of the conducting

fluid. _

16.  The method of Claim 15 further comprising the step of creating a voltaic cell
through oxidation and reduction reactions when the first and second dissimilar
materials are in contact with the conducting fluid.

17.  The method of Claim 16 further comprising the step of producing a unique
current signature that uniquely identifies the identifier. '
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18.
19.

20.

The method of Claim 15 wherein the conducting fluid is physiological fluid.
The method of Claim 15 further comprising the step of securing the identifier
to a pharmaceutical product to produce a tagged product such that activation
of the circuit is an indication that the pharmaceutical product of the tagged
preduct is in contact with physiological fluid. |

The method of Claim 19 further comprising the step of sealing the tagged
product with a coating such that the tagged product is sealed from the
physiclogical fluid for a predefined period of time until the coating is dissolved
by the physiological fluid thereby allowing the tagged product to reach a
target site at which time the tagged product is exposed to the physiological
fluid.
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