| NGESTI BLE ClI RCU TRY CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 001] Pur suant
to 35 US.C 119 (e), this application clains priority to the filing dates
of Unit edwBtatoem9oPsovi si onal Application Serial Nos. 61pP088R1S3@S5/05372ed on
August 13, 2008, the disclosures of which are herein incorporated by
reference. BACKGROUND [002] | ngestible devices that include electronic
circuitry have been proposed for use in a variety of different nedi cal
applications, including both diagnostic and therapeutic applications. [003]
Exanpl es of such ingestible devices are ingestible electronic capsules

whi ch collect data as they pass through the body, and transmt the data to
an external receiver system An exanple of this type of electronic capsule
is disclosed in U S, Paten , I | ., which describes
what is called an in vivo I'/N?ggémégmﬁmlfmm e capsul e includes a
canera systemand an optical systemfor imging an area of interest onto
the canera system The transmtter transmts the video output of the canera
system and the reception systemreceives the transmtted video output. U S.
Patent No. 7,009,634 also issued to I ddan et al discloses an ingestible

i magi ng @?%O%REWERE’I‘ICE"F@HE@Q@) NF*]"DI@ATMJNS body lumens or cavities. The
el ectronTC crrcurt conponents o evice are enclosed by an inert
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the di schogest de\Woes, ﬂ%&sclé@tﬁ‘ﬁe@rof WIREIP BEeherehh fchrFdratdPby fstetdhcd. capsul e
made of inért materials, and therefore ingestible and passable through the

di gestive tract w thout being consuned by the body.[004] In these devices,

t he eIecBronig éirﬁuits are protected in a housing or capsule that prevents
damage t '"s electronic circuits during the process of ingestion

and el i Maaahi AR okhbb e ReBRaPRde 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 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 camera system and the reception system receives the
transmitted video output. 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, etc.) are housed in a capsule made of inert materials, and therefore
ingestible and passable through the digestive tract without being consumed by the
body.



[ 005] Recently, U S. Patent Application Publication No. 2007/00081 13 by
Spoonhauer et al. disclosed fragile radio frequency identification (RFID)
tags for weeoioigr/ag i ngesti on nonitoring applicati ons. PChaSRMWD5I7aYS
disclosed in this application are sinple antenna structures that are
configured to break down during transit through the body. [006] In certain
I nstances, nore conplex circuitry suitable for use in ingestible devices is

needed. Y., [007] The present invention provides for robust ingestible
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i ngestible, and even digestible, conponents, the ingestible circuitry
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Enbodi ments of ingestible circuitry of the invention include a solid
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and/ or meansiythebegretitesbody.g., in the formof an integrated circuit; a power
device, e.d.,, battery, fuel cell or capacitor, an effector, e, g., sensor,
sti nul at ﬁl"%lel“c cenging insiacasy AAKA §9Wkﬂrﬂ%l%’ﬁﬁ'ﬁfty, s@igple fop Ysge dﬁgﬁ%PFean
ant enna, y&liesd [OfsegaePi |, etc.; a passive elenent, e.g., an inductor,
resistor, etc. The one or nore conponents on the surface of the support may
be laid out in any conveni ent configuration. Wiere two or nore conponents
are presgnt on the surface of the solid support, interconnects may be

provi ded y Ythe conponents and the support of the ingestible circuitry
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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 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 two 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.



[009] FIG 1 shows diagrammatically an ingestible identifier that includes
I ngestible circuitry in accordance wwth the invention. [01 0] FIGS. 2A to
2D provi ogovoeve9ITB assenbly of an ingestible identifiePCrhstomnsi7ades
ingestible circuitry in accordance with the invention. [01 1] FIGS. 3A and
3B provide views of assenbly of an ingestible identifier that includes
I ngestible circuitry in accordance with the invention. [01 2] FIG 4
provi des a view of assenbly of an ingestible identifier that includes
ingestible circuitry in accordance with the invention. [01 3] FIG 5
providesoa view of asse ?I of ancingestible identifier that includes

; O1% he invention. [01 4] FIGS. 6A and
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[014] FIGS. 6A and 6B provide views of assembly of an ingestible

identifier that includes ingestible circuitry in accordance with the invention.
[015] FIGS. 7A to 7B provide views of a bifurcated laminate process
employed to fabricate devices according to one embodiment of the

invention.

DETAILED DESCRIPTION

[016] 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.

[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, coil, etc.; a passive element, e.g., an inductor, resistor, etc.



of an antenna, electrode, coil, etc.; a passive elenent, e.g., an inductor,
resistor, etc. The one or nore conponents on the surface of the support may
be | ai d owD 20r/@Epy8conveni ent configuration. Wiere two @CTrase@Iossmponent s
are present on the surface of the solid support, interconnects my be

provi ded. [018] The ingestible circuitry is particularly suited for use in
signal identifiers, e.g., as may be found in ingestible event markers and
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are bel oy 5O fiere two or more components are present on a given solid support,

conductive interconnecting elements are also 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.



ingestion limts 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 gwDreglkw@9tye i ngested | ess frequently, material spPeayUsSh@Inbirzen based
on the anticipated dosage schedul e.[022] As reviewed above, elenents of the
ingestible circuitry of the invention include a solid support, one or nore
el ectroni c conponents, and interconnects, anong other elenents. [023] The
solid su
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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 cellulose, hydroxyethylcellulose,
carboxymethylcellulose, croscarmellose, hypromellose, hydroxypropyl methyl
cellulose, 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, triethyl 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.),



enbodi nents, plasticizers may be present, where plasticizers nmake it easier
to process and nodul ate the strength so that it is not stiff and brittle.
Al so of iwDensgti9EBe surfactants. Environnental |y sensi PCYaSa@bmsizal s nmay
al so be present in the support, such as environnentally sensitive polyners,
e.g., tenperature sensitive polyners, ph sensitive polyners (e.qg.,
Polynethacrylates (e g. Degussa Eudragit(r))), oxygen sensitive polyners,
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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.

Table 1
Metal Resistivity Dimension
(m) Length Width Thickness
Cu 1.68 x 10° 1.cm 100 um 1 um
Mg 4.39 x 10° 1.cm 100 um 10 um
Au 2.21x10° 1 cm 100 um 100 um
Ag 159 x 10° 1cm 10 um 1 um
Fe 9.61x10° 1.cm 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



honogeneous | ayer, for exanple a |ayer of gold. Any conveni ent deposition
prot ocol may be enpl oyed, such as but not limted to: evaporation, plating,
el ect r ol yWD20plEpi78g, gal vani ¢ deposition, screen or i nleCratsS2@oiosi7zng, or
other thin |ayer depositiontechniques. Alternatively, a |amnation nethod
may be enpl oyed, where various elenents are positioned as sheets. In yet

ot her enbodinents a decal transfer process nay be enployed where each of
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covers t
a thermoset or thermoplastic polymer, may be employed. 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 components 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
protocols such as pressing different components together, e.g., where the



and conductive elenents can be deposited in a manner that provides the
desired connection. Alternatively, ingestible conductive glues, pastes and
adhesi vesworyioa9wapl oyed. I n certain enbodi nents, of i RCEMS3409/0S372he use
of a conbination of two (or nore) glues, where one of the glues provides
for desired conductive properties and one of the glues provides nmechani cal
strength. In addition, nechanical attachnent protocols such as pressing
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conponents are el ectrode elements that make up a battery which is activated
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wher e t hgnt@ahhdeleoppes tcdils efoatd pasdied efermentae.g., an inductor, resrstor etc.
[029] The various components may be produced on a surface of a solid support
using a variety of different protocols. For example, where the components are
electrode elements that make up a battery which is activated upon contact with
stomach fluid, e.g., as described below, the battery components can be deposited
directly onto the solid support. For example, a magnesium layer can be evaporated
onto a surface of the solid support, where the solid support is fabricated from a
material(s) that withstands the temperature and pressure that occurs during that
deposition process. The different components of the electrodes can be deposited
onto a conductor layer that is then attached to the solid support. For example, one
can have a thin sheet of gold, and a layer of CuCl can be deposited onto the gold,
with the resultant product being attached to the solid support. The different layers
can also be deposited via an ink or a paste. For example, a structure of CuCl
deposited on gold can be broken up into small particles, and an ink material can be
fabricated from the particles. The resultant ink material can be used to either print or
silk screen the desired electrode pattern onto the solid support. Also of interest are



material (s) that withstands the tenperature and pressure that occurs during
t hat deposition process. The different conponents of the el ectrodes can be
deposi t edwonrvw/a9enduct or | ayer that is then attached tProTiUs0s053701
support. For exanple, one can have a thin sheet of gold, and a | ayer of
CuCl can be deposited onto the gold, with the resultant product being
attached to the solid support. The different Iayers can al so be deposited
via an ink, or ast e. For exanpl e a str k: eposi t ed on[hg
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use of processing Steps that woul d otherw se damage certain components of
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t here i glabshkat Wauldcbthemaby edmdyecbertalblcdnisoredts of the device. For example,
in embodiments where a chip with battery material deposited on the top and bottom
is produced, the product needs to be diced. However, the dicing process can scratch
off the battery material, and also there might be liquid involved which would cause
the battery materials to discharge or dissolve. In such instances, a protective coating
on the battery that prevents mechanical or liquid contact with the battery component
during processing can be employed. Another purpose of the edible coatings would
be to control the activation of the device. For example, an edible coating that sits on
the battery electrodes and takes a certain period of time, e.g., five minutes, to
dissolve upon contact with stomach fluid may be employed. The coating can also be
an environmentally sensitive coating, e.g., a temperature or pH sensitive coating, or
other chemically sensitive coating that provides for dissolution in a controlled fashion
and allows one to activate the device when desired. Coatings that survive the
stomach but dissolve in the intestine are also of interest, e.g., where one desires to
delay activation until the device leaves the stomach. An example of such a coating is
a polymer that is insoluble at low pH, but becomes soluble at a higher pH. Also of



the battery materials to discharge or dissolve. In such instances, a
protective coating on the battery that prevents nechanical or liquid
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techniques, may be employed. Deposition techniques that may be employed in
certain embodiments 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
techniques 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. lllustrative 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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certain enbodi nents of fabricating the structures include, but are not
limted to: electroplating, cathodic arc deposition, plasnma spray, screen
or ink jevopopiotipTig, sputtering, e-beam evaporation, phpsiraskooassiei
deposition, chem cal vapor deposition, plasnma enhanced chem cal vapor
deposition, etc. Mterial renoval techniques included, but are not |limted
to: reactive ion etching, anisotropic chem cal etching, isotropic chem cal
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this pro
provided below in connection with a description of FIGS. 7A to 7B.

[034] In FIG. 7A, an initial laminate sheet which includes 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-roll 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, etc.), 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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of an ingestible event marker according to an enbodi nent of the invention
I's provided below in connection with a description of FIGS. 7A to 7B. [034]
In FIG M 2an/aim78i al | am nate sheet which includes barCems2@besats and a
virtual dipole element (e.g., skirt) of an ingestible event marker is shown
bei ng prepared using a "continuous web" or "roll-to-roll process". The
initial Ianinate sheet is characterized by havi ng exposed battery Iayers
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variety of conductive adhesives nay be enpl oyed, e.g., a polymer filled
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placement, the sheet may be covered with a pressure sensitive adhesive material
that is removed prior to chip placement during punching but is removed prior to chip
placement. A second laminate is applied over the top of the chips and then opened,
e.g., with a laser, over the chips and the top conductor (e.g., battery material) is
additively applied, e.g., by screen printing. A final non-conductive layer, such as
treated paper or plastic, is used in a roll-to-roll process after this step to isolate the
two sides of the battery before the IEMs are finally punched out of the roll for
assembly into tablets or capsules.

[038] Finally, a disc shaped device 740, e.g., 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 Application 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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covered with a final layer of insulating adhesive. [037] In a variation of
t he above protocol, a pre-punched lower lamnate is enployed. In this
enbodi merw 201080191281 s pl aced onto a pre-punch hol e, whePeTarS2@9/053721

pl acenent, the sheet may be covered with a pressure sensitive adhesive
material that is renoved prior to chip placenent during punching but is
renmoved prior to chip placenent. A second |lamnate is applied over the top
of the chips and then opened, e.g., with a |aser, over the chips and the
top conductor (e.g., battery material) is additively applied, e.g., by
screen pDEOkE@Qym%bmémé“N@@@ﬂ@QﬂQM@UhﬁQ layer, such as treated paper or
plastic,” TS used in arollT-to-roll process after this step to isolate the
two sides of the battery before the IEMs are finally punched out of the
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the invention I's an 1 ngestible 1denti n estible |dent| lers are
descri bedpp)lrcaﬂcfr seopli @t P@T/@SQDQB/OIS@ME’CWMSBGGG#&Q WEBZ00§0Pb5i 8Bie&@ds

WO 2006/ 1 [, US2 I ' d

v 2008 SRPIERNRT s i PEaSR008 BeaBbRcsunERFBcse AV EEBETLEEN SR e
WO 2008/ Q§sifedion Pgnaﬂprﬁ% | P@F/Qezéesﬂo%bzge pmb’&ZQQWQQ@EYM RobYy SP@# as
WO 2008/ 06661 7; PCT application serial no. PCT/US2008/ 052845 published as

WO 2008/ @9{5[93891‘1 saTRl a@ipl PEAYUBR088/056P 98 opulpishieds29 08/(BROYY 188168 £kdd as
WO 2008/ 1, Qi chhiB4: <&l no. PCT/US2008/077753 published as WO2009/042812; 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 identifier,
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] Identifiers 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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application serial no. PCT/US2008/ 056296 published as WX 2008/ 1 12577; PCT
application serial no. PCT/US2008/ 056299 published as W) 2008/ 1 12578; PCT
appl i cat iwo 20sva1gd78no. PCT/ US2008/ 077753 publ i shed as Wee0QaSL@9a87202; PCT
application serial no. PCT/US2008/ 085048 published as WD 2009/ 070773; and
PCT application serial no. PCT/US2009/36231 ; as well as pending United
States application serial nos. 12/1 26,792 and 12/1 26, 798; the disclosures
of which _are incor ted herein by reference. [041 e, of such an
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fluid, s fi

Conbi nat | e IS DETREbA AL Bio HiEnIAY Rferbls In Mo of, B RjRirehf
differ enpetentlalst Ass ,anaenmhp@ge;;opper gmmbrzatoeWhleet pekeinto he csllcbave differast a

result of th tive i dation and reducti actlon [ curredtothe
Lvotel eoprloiBalse A odld AR ibriafum Farerd it Taamtis A8 et %

produced otéﬁﬁﬁlrdllff@&'n)ée HehweEh fik Wﬂﬁssﬁﬁllérhﬁat‘eﬂé%ﬂé' erfidgh batteries are
conflgured such that when the two dissimlar materials are exposed to the

target si043] W cerfain oé thaseneimbodintentsi testatiasy pomer sogras magre vigwedeas

phys! cal Ay Gellca! Jhaf gg@ﬁ@s YodiBEnERTRATehbtAsh i ARl S0ESH LU2h as

generati
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
completed 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 EO 11 and E1 15, which are the
signal-transmission electrodes 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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voltage is generated. The two dissimlar materials in an electrolyte are at
different potentials. As an exanple, copper and zinc when put into a cell
have di f fwoento/qpot7entials. Simlarly, gold and rmagnesi ulrChaseoodiofi7er ent
potentials. As a result, a potential difference between the two dissimlar
materials is generated. [043] In certain of these enbodi nents, the battery
power source nmay be viewed as a power source that exploits el ectrochem cal

reaction, in ionic_ s Iutjo uch as trlc fluid, blo t her bodily
fru s angesile. fiokandesiebld abeyRofPrlEtiics iysmmamesaEisrit uRet oK o
an i ngesgh|tien HedmMpPrsis stmBaM iaktisa cRatioRiey 1t2haid '13 nGSTBL ¢h&dk BY a ploprEch

fluid. First and second el ectrode materials (12 and 13) aredf)resent in an
i oni ¢ sometalds. g]:ﬁgoldhs&\rernatatlbewnméladwrroprttlae fke) S@tﬂaﬁtfthay Oah@ineorgade

cont i gur BTOUIE BT Bl d 8 Wi BRHERHY B "B, S50 Bebaipl's o

to an el ggboaméntsithe dlrebl%a?é?%l@@k@rc:hbye@ffrowﬂfméibfécéﬂid)(ﬂl@ﬁ raeRigled.gr,ra ned
by the connection nee s of the electronic circuit 14 and the de3|gn as

i 11 ust r aP@if Magq wig of aieeightwhnsmMa) Brda salt SMChIaSb@UQbBE%Ht With gaspect
killed
ber oo G oA, 4BBosEmaRIRR, ooy BRMIE S kRS OnbBAL dafs. or

r epr eseninterchkativowovgidurgie -awith sLizably aliiferdat eketreskamicahipgtentials pottagdhe

t wo outputé of th t electronic mrcw} 14 are EO 11 and E 1 15, which are
the si gn@Nd {PUHERS %@%@S@I@&er%f@e%m@ﬁq he top surface. [044] Electrodes 12

and 13 c | r t e\t in
i ch e oy g e, A A Ao 2T
pair of metableRtzelowt h di fferent el ectrochem cal potentials, as |ong as

t hey areingestible, e.g., as described above. For instance, in sone

enbodi nents where ionic solution 16 conprises stomach acids, el ectrodes 12
and 13 may be nmde of a noble netal (e.g., gold, silver, platinum

pal l adiumor the like) so that they do not corrode prematurely. Suitable
materials are not restricted to netadlABLBRAd in certain enbodinents the
paired paterial s are| &mogen from netal s| @Gathaten-netals, e.g., a pair made
up of al petals (such asiddiesand, Zngalt (such as CuCl or Cul). Wth respect
Sodium (f), Lithium (1)
Iron and alloys thereof
Salts Copper salts: iodide, chloride, bromide,
sulfate, formate, (other anions possible)

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

Oxygen or hydrogen (1) 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
aqueous 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 deposited 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).

T1Dissolved 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 or gold. Also of interest
dissolved hydrogen in a hydrogen reduction reaction.
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to the active electrode materials, any pairing of substances - netals,
salts, or intercal ation conpounds - with suitably different el ectrochem cal
pot ent i alwoowltiorye) and | ow i nterfacial resistance arePsuitusamoas37p045]
Materials and pairings of interest include, but are not limted to those
reported in Table 2 below. t Protected anodes: certain high energy anode
material such as Li, Na, and other alkali netals are unstable in their pure

f ' f t b d
houeous B PlreaRR e Gineris ane Gist o 6s Endals mel e dapeq YRR B ROPE " ne
so- cal | eghatdll QIECiEEnhhihds Wi IBREES RENR! SPRE Battd?y! wahuﬁe@pé R4t he

(Berkel ey, CA),  where a polymer fiimis deposited on the surface of |ithium
met al t ou@ed)aedoplﬁg agenis impedaioxembodioreris includevout age ok limited doesuliur,

environ 0 ient. (Polyplus has I P pending on this). ttD ssolved
oxygen g@ﬁ é%&lgte @?reébas a cathode. In this case, the dissolved oxygen in

t he bodi 'PtM?']l 0] dértdmlérﬂb@@ln’féi’fﬂslctﬁ@ éleclbtie ahatdrighi ér@bd:lﬁ)réaé aédﬁheqc:atu)réuace
such at Al'so of interest dissolved hydrogen in a

reducti oﬁupr@uétqh!mfo[eoa&}hq patbede And maBBEsiHENtMg) Bl m@@m\ewmtﬁgy@& al s
be d h t

1=y, 2 BRESANG DERIRTRAL of feoresbh FANIGE EhooEhiA0R AUl

enbodi mendtsharmtdulidehe bhumaar boayat | i m' ted to: sulfur, iodine and the Iike.

[047] In_certain enbodinents, the el ectrode materi cu rous iodine

I
(cul) or[Q48)r Buceriain smbpaiments,dhe Ratistes Aave Rs3na qujma tgriegmay
magnesi Ugy algoRy oS op8RMer Eé"@hart‘ri?{}tﬁo Him? g s?rﬁﬁl%‘?”&géﬁ‘\é?”’f g%rﬁ”s&

el ectrode materials that are not to the human bo
certai n smabe, redudingt Ad bant eri gvakery éncludingl 0.02ommT actsnnnalleﬁsatln @ertem rray

b b 2 b 10 h
or amol efbofiiReds; M waltey idnenty Aipetsititadp 1A% ominiR eRoltmtol ™
cert ai ' gHAC TP o dbeubadd i, Elce I diouOTP RN RBBoLC2 AR, MokkFg)

rangi ng from about 0.0l nmto about g., fromabout 0.1 nmto
about 20frem abed] Q8 Mg tq 8hoEhd Mo asleﬁﬁ’ch mmtrom ahpUR0I0dnEGIM to abkglhg

from abo%o g)m%lergn fr8m g@éﬂt 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 about 2 mm, including from about 0.1 mm to about 0.5 mm.
[049] The ingestible identifier 10 uses the voltage potential difference to power up
electronic circuit 14. In one embodiment, the electronic circuit 14 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 illustrated
in FIGS. 2A to 2D. In FIG. 2A, structure 21 is made up of circular metallic 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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100 mm e.g., fromabout 0.1 mmto about 20 nm including fromabout 0.5 mm
to about 2 nm and a height ranging fromabout 0.01 mmto about 10 mm

e.g., frowoaboutos05 mMmto about 2 nmm i ncluding from aboaS2@9D53121t 0
about 0.5 mm [049] The ingestible identifier 10 uses the voltage potenti al
difference to power up electronic circuit 14. In one enbodi nent, the

el ectronic circuit 14 nodul ates conductance to create a uni que and

i denti f t t .. [050] I t nbqdi t t bat t
nas o | anPRd SOCRIEY W So FiRel-cde PYaBSR T (i o 50l HiPdse
enpl oyeda} %rfgﬂhﬁg %&U@tu‘r@@qsdﬁt@s%lpﬁbft% tanYordlofe? WaBNe SmthdBllizdStructure

I nvention. An exanple of such am nat e Brocess Is’illustrated in FIGS.

to 2D. |21 A syppost P3cihile thel sequencte sipwofincFlGSd A aed 2B iillustieite 2,

ot or nedtcancliie @R shORRRE A FE B O BeRibc BRRelR E oo apBg 28Tt

CuCl rega@aﬁe%nﬁlmuﬁmprtﬁéluﬁ@téllrwdnhezsugrffr@t:@lazfed ba $Wdoryi23. Emﬂ’lowmq
conveni ent protocol, such as evaporation. Al so shown is area 26 which 1acks

el ect r odelagaient af meiallic foilk2 pn gupparti23. the patierned araas gf slasirogdermaterial | n
FIG 2B, 2Eta§é‘§fd&{d%e% an f?w:ea&ﬁ%c%f%é%'ufc%ﬁ g&p%tFlé?’chlHt& a%étpegéﬁt b§ jdrade
of an inges al’, e.qg., as e ru nay be

mat er | escri d above

pl aced opdsitisngapor brez326 mnal comesteds to mdthliic foih221 RimatipnipoFkSht2D aa esvabl y
associ at ed W|th each ot her ress-fitting the structure 2 1 onto

support B¥ebR7gledd-npRitGaleRd ¢ frog? 'ﬁﬁqt'?é S maAler as ﬁze SHRRPIY BaYieY elesiiode,
| mobi | '%@ci il éf‘éé%‘%@lszstéb@rﬁdélq%hféﬁo(;mg Zﬁnthvém I egmgsa%%@%fgggggmur&' GS.

2A and 2 ustrate a protoco structure lisp efore
pl acenen21do pugsucet a2ali ingestdilaesiropitbdevice rthat Hreaclu@eala isolid sUpp@®, ian

f t pl d t ,23. Foll | a t t | fojl

suppor . BEOTRfR FERRERAd dour HRGH St PEGTCHe o S Blruefed sl
the surfgpgapér pRisRiNd<Ca thé o%ﬁduéWeFin@ércgﬁneétrBéi%éhecﬁecdlﬁér‘é'nft efextionic
positioned in area 26 and connected to netallic foil . Finally, in FIG

2D, a co@@npoaqr@ts, 2g., (tbegntegraledi @lmteuandcﬁie¢tr®e§art’eahataeppalltloa@dtqﬁethe
support) n e cutout areas 28 is stably positioned (e.g., with
S G RS nal i ngeat

an inges over structure 2 1 to produce a final |ngest|ble

circuit ps4]CcEIG.h3A illnstratde sardtised eshbsdipneiitt of anaminate process that may be
employed to construct an ingestible circuit device of the invention. In FIG. 3A,
structure 30 has been produced by first providing a release layer 31 on a backing
layer 32. Metallic layer (e.g., gold) 33 has been deposited on the surface of release
layer 31. Next, electrode material 34, e.g., CuCl, is deposited on surface of metallic
layer 33. Finally, insulating layer 35 is positioned over electrode layer 34, which
insulating layer may have cutout regions (not shown), e.g., as described in
connection with the description of FIGS. 2A to 2D.
[052] In FIG. 3B, an integrated circuit 36 having a layer of a second electrode
material 37, e.g., Mg, on a surface thereof, is positioned in ingestible support 38. To
assemble the final device, the release layer 31 and backing layer 32 are removed
from structure 30, providing exposed metallic layer 33. This exposed metallic layer
33 is then positioned over circuit 36 and support 38 to yield the final desired device.
[053] FIG. 4 illustrates a transfer protocol that may be employed to fabricate
ingestible circuits in accordance with the invention. In FIG. 4, a circuit structure 40

that includes integrated circuit 41 connected to five different electrodes 42 via
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integrated circuit and four distinct surface electrodes. In this structure,
the netallic foil |layer 22 serves as the conductive interconnect between

t he diffewenviodie8r oni ¢ conponents, i.e., the integratedTaiseawios37and

el ectrodes, that are positioned on the surface of the support. [051] FIG
BA illustrates another enbodi ment of a | am nate process that may be

enpl oyed to construct an ingestible circuit device of the invention. In

FI G 3A,. ructure 30 s be uced b rst ovi di n rel ase Iayer

L T oo AR hey Gora B ivednel #5815 S biadubRl Gl Ricmatrle Hadiiie” as!

dep05| t efftgp ﬁr@@mﬁl&fnf e ilit’ shGaaR '@Y%a&lﬁg 4&9@ refiovet’ aAe t'ﬁ%t @Frd:u?r{ 34,
e.g., QuCl, is deposited on surface of netallic |ayer 33. Final

ly,
i nsul at i sifuctekee 4435 pesiposed i hdlde Gusiacel @fcmgmébleayeppm 45uhTleh Arakogoht i ng

wth tnotteeaprpt] Bl hBeSe Siftishan rsBpSie Bheré JeudRtors oGPIREE ' "

circuit ggudiam PEodudtidviele.gf, eharteanrd hprelbdss, "BleetURs) e mc@mpd‘ﬂble on a

surface thereof, is positioned in |ngest|ble support 38. To assenble the
final dertBéheﬁﬁléd pepRAtEARNAr 3 1 and backing layer 32 are renpved from

St Ut Ut e, PR YA AR T PhbIch 4 R6RER e 1HRIS BIIORRIITBIR|dd ©

| ayer 33 oned Over circult and su

final desmnrcmttldevmd:acohﬂéc&b Bétaeceh idiffarent aberqocmehntartgf an ;mlgetsﬁlulel cirquiit may
be enpl oyed to bricate in estl circuits in accordance wt

i nventi oaeV'P‘?r Iy %e gevige § izlléuét JFQ;GSA' le; fepPPorhATubRas W%R'@g‘?da%dts
circuit n iNg
conduct i 495 n@ﬁ%@sﬁ?eﬁ%ﬁd% A Cal b SR VIR

pr oduct i centef re:glor(cof suppwmdiﬂ ware fdlx, cdrdadi pag:ls45B Hsteremmwmningr&achhde«:imdml t

truct 44 f f tibl 45. Th
ot oeol 1 4 tauicb bRy i A MRE &t e R e el B9 Te PORBIRE RO Ry citie, B

par amet efgedthted ERelit |sSb6H8ééI”t6 ﬁﬁd&dgstam tHeh g la %/éh%'fnpﬁ@ﬂe'étloﬁ eﬁa@'nat W es,
pressures) are inconpatible with the solid sup material. [054] FIG 5

i || ust r apesitienachover thensifiacehlegving expeRast ela@trode clemeris, aypalpgogsppdbinte
conducti gﬁowm eH‘é)%ct s between different conponents of an ingestible
circuit

[055] In certain instances, laser patterning may be employed during fabrication of
ingestible circuits of the invention, e.g., as illustrated in FIGS. 6A and 6B. In FIG.
6A, a blanket (i.e., non-patterned) layer of metal 61 is deposited on a surface of an
ingestible support 62. Positioned on a portion of metal layer 61 is integrated circuit
63. Next, laser patterning is employed to remove portions of metal layer 61 to
produce antenna structure 64 and 65 on surface of support 62.

[056] Ingestible identifiers that include ingestible circuitry of the invention find use in
a variety of different applications. One application of interest is the use of the
ingestible identifiers as ingestible event markers (IEMs). Ingestible event markers
can be used in both therapeutic and non-therapeutic applications, and are described
in PCT application serial no. PCT/US2006/016370 published as WO/2006/116718;
PCT application serial no. PCT/US2007/082563 published as W0O/2008/052136;
PCT application serial no. PCT/US2007/024225 published as W0O/2008/063626;
PCT application serial no. PCT/US2007/022257 published as WO/2008/066617;
PCT application serial no. PCT/US2008/052845 published as W0O/2008/095183;
PCT application serial no. PCT/US2008/053999 published as WO/2008/101107;

18



device. In the device shown in FIG 5, ingestible support 5 1 has displ ayed
on its surface four different el ectrodes (nmade up of electrode material)
52. Posi twoned/map77&a center region of support 5 1 are foRCTasRMO537pRdS 53.

I nt erconnecting each electrode to a contact pad is a |line of conductive ink
material 54. To conplete the structure, an integrated circuit is bonded to
pads 53 and then a layer of protection material is positioned over the

20, [ 0557 Cin BRICAIBA FRUfaBolC | MErDORHHaoR: RSRRFh oSt RoBe s Ry

fabricat P@'T @bphé&i%ﬁt ‘s@h@l ﬁbrCP@T/ﬁJSEfOOFSVtﬁSGZ'%eBEbﬁ&hedea@ wW@200BHuSE8t ed
i n FI GS. B. a bl anket (i.e., non-patterned) |ayer of

metal 6 ECuTsamdlpaB@m éerldrnca %T/L@%JO@VOHVE&@;@@M@U @sM 200/ BER818H 81GT oned

oat ter i P Retbn TBlBLad (HET ARG AR IRel AT WO, o807 75 aRERET.
ant enna é[bﬂill&‘tlbhes@l‘ialafh@ GECQVUSEO(D@/QGZQT sawmmt &2. pe[r@lﬁfd UnigRst Stakss
identifiers that include ingestible circuitr the invention find use in

a vari et §pRIfcagippfegriahtnagepl /3:31@78333”%1@/%%9@&*1%rﬁj'%ﬂosq’fﬁér@swhl@ afe use
of the '|ﬂ98§n§dr9¢%Héjr§f?1tE%ﬂeﬁfé ey i ngestible event markers (IENs).

| ngesti bl e even can € used in both therapeutic and

non-t her [t The agigtlosarei ohshesendhgestblde seentoatarkersParid aamihca%nsnforsme' al
no. PCT/ USZOO%O 16370 publ j shed as V\D’Z%c?Gll 1671 8; %3 plication
serial n®AMPCHNEISIDOE alypincHeara WEERI0 8 Oy5 T efe G”C CTT*é?ﬁaP?‘étéﬁlon

serial n D i a PR i on
seri al ngpp@gﬁ,ﬁ%mo%g&%@%% &*ﬁhllbs%g‘geaé %j %§%066§@ apgﬁﬁagmsl%@%aéuon
seri al ninstaPCESUSRD (BIraiti2B8 45 apabd:ia’eambdnthsa \Wap0ase ol @enpdaitiorapdedicat i on
seri al no. PCT/ US20 053999 published as 08/.1 0 1107; PCT a I| ation
serial nEMOREMERBGUANSBEST K o LB ian goaporiest el Rt i on
seri al nshe.rpcaa/ CHERONR/ OffaffemdhLinN el iathal) 200RUbN1 2675 .o%ff.aamﬁ cafion
serial no. PCT/US2008/ 077753 published as WO2009/ 04281 2; PCT application

serial nphamFEReuSzacagaTEs asBiayisielivered into the alyo/ D@ apglicaiieds RECThis new
appl i cat 'n?&n?a%fonatyewce aﬁﬂéléfg%ogrge/ I%Elﬁsf]dd &?pll\é’g{ (gnsa%cﬁ,l%%d b[]pal%nﬁcgtq‘?n %oat €s

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 WO/2006/116718;
PCT application serial no. PCT/US2007/082563 published as W0O/2008/052136;
PCT application serial no. PCT/US2007/024225 published as W0O/2008/063626;
PCT application serial no. PCT/US2007/022257 published as WO/2008/066617;
PCT application serial no. PCT/US2008/052845 published as W0O/2008/095183;
PCT application serial no. PCT/US2008/053999 published as WO/2008/101107;
PCT application serial no. PCT/US2008/056296 published as WO/2008/112577;
PCT application serial no. PCT/US2008/056299 published as WO/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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application serial nos. 12/1 26,792 and 12/1 26, 798; the discl osures of
whi ch are incorporated herein by reference. [057] The disclosure of these
I ngest i blwoevsrt19Tvar kers and applications for the same PREUS2009i053721
specifically incorporated herein by reference. Therapeutic applications of
ingestible identifiers are enbodi nents where, at |east in sone instances,
the identifier is associated with a pharmaceutical conposition. Medical

R R R

i denti figabhRitald HiteIMBERYEIcHRE. agents actual Iy delivered into the body.
The applications of this new information device and systemare nulti-fold.

Appl i cat [0583 itnig dde bebuindarsioedt that nihisdinventign 1is) nebnlimided n® Rariewar

Fear mensoeBule S AELREE . BRT REHE AT Rt e b SR aiIfRaRR ¢
clinical teﬁ'miirﬁilts%y Udbdnmsvielrnlid e tR@arpdsec onidestlisidg SpdrEit@ar @fmbadithehie
| i ke. Each of these different illustrative applications is reviewed in

great er @@lyapndiisnpOntend toabe dMitng.idnceihe seopeushespresesiinyepitn wihed
as WO 200641167 1 ' ' serial no. PCT/US2007/ 082563 publi shed
as \/\020@%)‘%&%@ %“éfb}s@g%é% Mebiamfs Sl L % oeT) Us2007/ 024235 publ i shed
as WO 20[0%59p6Base Pangeppf valiesds mevidad, nas UPCELISA0 AFAI0E2ED htpruehnirghed

as WO 2008/ 06661 7; PCT applicatjion serial no. PCT/US2008/ 052845 publi shed
2s WO 206880t thes teriof 561 yihe! Gt Lireraimit dinlessriNaso0nsKDEbedy JEBieShed

S V0 20ARPIvAS ARG R b et ko AOFLROBR DREESSEL
as WO 2008rvenip§7&IuedT thapbiated irange eisi afcomopadsed/ WiERiDOkEONvEstopublhieshed
FE LTI M TR R A i e T
vel | as geaféndaldid addShrt afPRINceRipa’Bed akitih 1heSinvbalidn 28uif@ét adak?/ 1
26, 798; the disclosures of which are incorporated herein by reference.
[058] | tspecificallyeexghpedstimaibin theastated arigey evithiess the staded range egludes one
particul 8Y 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 also be used in the practice or testing of
the present invention, representative illustrative methods and materials are now
described.
[061] All publications and patents cited in this specification are herein incorporated
by reference as if each individual publication or patent were specifically and
individually indicated to be incorporated by reference and are incorporated herein by
reference to disclose and describe the methods and/or 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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enbodi nents described, as such may vary. It is also to be understood that
the term nol ogy used herein is for the purpose of describing particular
enbodi nerwe 20mlo1977&and is not intended to be limting, siPeEaAISRIve/0SITOpe Of
the present invention will be |imted only by the appended clains. [059]
Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limt unless the cont ext
clearly bet ween of that range

and any ﬂiq?éahgﬁ&@gietb |3ﬁtléﬁe\9|enﬁrﬁ@ %’2‘? %t%ge@fqgagggegtcifg& k @'@9%% forms

enconpasged “yht hhRd thge" THERdd Plural NBfdtBRA! uARSs! e cohtdltt Sedily tdiSRtes
smal | er ranges may i ndependently be included in the smaller ranges and are

al so enc@ﬂﬂ@a\wed linist firthet ﬁ@teidlkl“@hffha)dalr@&bﬂ%Cbet(bamt%@é@Ude@@qutl@ﬂal uded
limt in

the 11 Nty Ascludh SRS sialSieRh s st BHH <SP Ao clareRTn 8RS T 088 b &
al so Incéwme@xclustvbetermmwras [s@fé?*] %h@s%n@efhwﬁﬂe%hﬁnvveéﬁon alilh the

technical and scientific terns used herein have the sane neani ng as
conmon! yragHaier ohelaimeleynentss obpes phaynegative” limitalienart to which this

| nvent| Ofylaf! ABa ¢ BABHN 39S BRRIARHEPAR GRS ldTld s Mschokiluat e

tothose crlbe ncana actlc or tes

t he pr esezmtth |om\tlaetmd|mduraewnmmeh'twelem:mbm aatli |uastrmebdmbremndagmlmretd S
are now described. [061 publ i cations_ and ateni{g cited ipn this

speci fi ceRTBANGHE ar'ﬂé’ffgﬁ r?%%}' MAYRE IRpdEpepatfied Hom or erRINERIV Higal
publ i cat fe%'ﬂg%%y rﬁf”(‘r;f %r&hépéébér’aF@Hb\bdﬁﬂgnﬂs'\ﬂﬂt%lﬂl@édba\‘tl Frbﬁfiﬂf'éjsécg)éje

i ncor por at e ence and are I ncorporated herein erence
di scl oseoraqnirltieisthe preseheinventat sAmn Baitedmaetiodatasn ba cammieom iortheidrbdemhi ch

th bl ' I tat f bl ti is f it
di gclogsub s ?%Feq dtcf{é”ﬁ”b’l%@gfﬁﬁsﬁﬁ’h&r@%&ﬁgx‘hpﬁ %gléb golng'?r :.IZd g; :ins

adni ssi ofp aAItﬁ&lﬁi%rpﬂ%S@PégdlﬁyﬁWénﬂan'h%srbﬁerﬁdkéédnb@d ik God 88kal1 Byskaof

publication’b ue of prior invention. Further, the dates of publi cat i on
pr ovi dedllluatyatmp ok @xgmplerf@m purposes el clarity of understandlng, 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
principles of the invention and are included within its spirit and scope. Furthermore,
all examples and conditional language recited herein are principally intended to aid
the reader in understanding the principles of the invention and the concepts
contributed by the inventors to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and conditions. Moreover, all
statements herein reciting principles, aspects, and embodiments of the invention as
well as specific examples thereof, are intended to encompass both structural and
functional equivalents thereof. Additionally, it is intended that such equivalents
include both currently known equivalents and equivalents developed in the future,
i.e., any elements developed that perform the same function, regardless of structure.
The scope of the present invention, therefore, is not intended to be limited to the
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publication dates which may need to be independently confirmed.[062] It is
noted that, as used herein and in the appended cl ains, the singular forns
"a", "an"woanw/d1ptie” include plural referents unless thectarst@gnskear!y
dictates otherwise. It is further noted that the clains nay be drafted to
excl ude any optional elenent. As such, this statement is intended to serve
as antecedent basis for use of such exclusive term nology as "solely,"

Lonl Y BRI TE Badl b FER SR S S BT 1

in the apfpreBent ihGastidhistdthBodied Byahppefasd cifimshe i ndivi dual enbodi ments
described and illustrated herein has discrete conponents and features which

may be readily separated fromor conbined with the features of any of the
ot her several enbodinents w thout departing fromthe scope or spirit of the
present invention. Any recited nethod can be carried out in the order of
events recited or in any other order which is |logically possible. [064]

Al t hough the foregoing invention has been described in sone detail by way
of illustration and exanple 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 nodifications may be
made thereto without departing fromthe spirit or scope of the appended
clainms. [065] Accordingly, the preceding nerely illustrates the principles
of the invention. It will be appreciated that those skilled in the art wll
be able to devise various arrangenents which, although not explicitly
descri bed or shown herein, enbody the principles of the invention and are
included within its spirit and scope. Furthernore, all exanples and
conditional |anguage 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 limtation to such specifically recited exanpl es and
conditions. Mreover, all statenments herein reciting principles, aspects,
and enbodi nents of the invention as well as specific exanples thereof, are
i ntended to enconpass both structural and
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functional equivalents thereof. Additionally, it is intended that such
equi val ents include both currently known equi val ents and equi val ents

devel opedwDreotaof7@at ure, i.e., any el enents devel oped t Irat/ysesobos3iTet he sane
function, regardless of structure. The scope of the present invention,
therefore, is not intended to be limted to theexenplary enbodi nents shown
and descri bed herein. Rather, the scope and spirit of present invention is
enbodi ed by the appended clains. Wat is claimed is: 1. An device

conprising: a support; a first electrode connected to the support; a second
el ectrodlé\&@éiﬁq%!éﬁg% t he 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 firs$t inpotdexiod ¢cdmepisognd el ectrode is electrically coupled to the
control circuit at ? second i nput, wherein the first and second el ectrodes
are made of dfSYPRPflar materials that are capable of providing a voltage

potential wheg fijidt é}@&fz(ﬁfétccym{el&te’ﬁ fohdugigpag; f I uid. 2. The device of Oaim
1, wherein the control circuit is activat ed when t he device contacts the

conduct i ng f|auseCOMemtroéasa@@naCRe@Iltoatb@Sppp@rrh:tarm between the first and

second el ectrod ontr cuit T ice . Claim1l
ohorein the congauter Sirdk BrectlibE ublent, ot ipehin A8 A6fE Sgfuict
control | s¢duréaoahe rs@pbonaér’m ohesdiedhbdiryesiactrbee fid efdctreaxll m@mb & a1 rode
t hrough the conducting fluid. 4. The device of Claim1l \/\herel n the support

and cont@QﬂthhQ'f@UIttataﬁr first H@Qéﬂtaﬂﬂ Beasrrand elegipde e e!ﬁCtl'ﬂCF?éWfQOstE)ﬂeChFﬂjt@econd
el ectrod <§nt a ﬁ'c@‘?%& b@e‘éon?w&l{fe devi ce of CI al m 1, vvhe_rel n fthe first and

second e es are created through deposition of a digestible materi al
onto the suppwhereilﬁ.thél'lﬁestcmm secovid €leaironlds afeintduer ofcdispimikar mgatedalsabkit ng

Layer; 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 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 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 6, wherein the support defines an aperture for receiving
the control circuit that is electrically coupled to the second electrode.
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a release | ayer | am nated on one side thereof to the backing | ayer; a
netallic |ayer positioned on one side thereof next to the rel ease | ayer on
a side oppo=ito1pT78m t he backi ng | ayer and | am nated onPCRaAIS@EOSI7TRE Si de
to the first electrode. 7. The device of Claim®6, wherein the support
defines an aperture for receiving the control circuit that is electrically
coupled to the second el ectrode. 8. The devi ce of clain17 wher ei n

el ectri c 1y st . el

uplin f the_fi ctro eto ntro cuit IS
oL oot LBl Y SRR AL (Sl LROL e oL P RIS eI D
netal lic | ayego@rsl civeett & Qcﬁla%%y%ﬂnb‘?ln'g%érbdcﬁlr@ IQ(}érr ak@ite/ i I@Qelt 0
the control circuit at the first input thereby coupling the first el éctrode

to the controlo expese tthatmetadlic layer amgpuvhergin e raetallicelayer s glectrically

feposi tinga Huot; B b enOE o e JpSioifLE BRRENG 6bTtng FRETHEE, of

circuit and eglebtrofie tdeheet@atdl @ftesit antHi@ssimpliace of the support. 10. The
device of Caiml1l, wherein at |east a portion of the control circuit is

covered By a photdavss of |Gaim 1 Mhewmréhﬁdanrmol@r@awcamb the alerirpdesi am e
I ngestibl e deyj, EﬁlcbﬂgEPH@eapcgf 8&%?&%&0 9@% 6P il trﬁat@rlﬁp Gifdingady Ui d.

the nmet hod conpri si ng aftirs am na e conprising
an el ectrode mpdt ah thkeedatrobciteuitmand \ezichagietheotleotrodés tonethe dafawseof een
the ingestible deV| ce conmes in contact with the conducting fluid; defining
an aperture i URRRILfirst laminate for receiving a circuitry conponent;

fixing the Ci TRYIdduicd BIROARAL | inbffy AR & BbitiBndoCaRAMEHInECRLNIER Ve

such that the circuitry conponént Is electri caI y coupled to the electrode
and t he anodecovmedrbgla progectiverlayer. f | ow t hr ough the i ngesti bl e device and

L e ConAUet g el b dRAADNRS M PR FoR o, 400 is BoolientP! Mo¢
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 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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conprises an internal conductive layer. 13. The nethod according to O aim
11, wherein the first lamnate further conprises an internal virtual dipole
| ayer. 14woAoteudrre for indicating the ingesting of a piraTrmsec@atsizal
product, the device conprising: a support conprising a conductive |ayer
including a plurality of electrically isolated sections;a plurality of

el ectrodes positioned on the support, each of which is deposited on the
support and electrically conpected.to one of the plurality of .electrically
o ot ed sect f oAl G e GRS RIS T B 156, seart A olclinih S HERpSIe
pluralitynahel BRI aMLRidicdI§ EOMREQbd Clor BHEL of ShdQtitaligned dbéitaan
aperture defined by the support "such that each input is eléctrically

coupl ed isolabe@ settianseofghacandugtiveflageect ri cal |y i sol ated sections thereby

al l owi ng the ¢q L r.cui Q. 1N nelent,l . ntral . rent . fl t.hr ough
cach of “the. ot GPuB] gTE bt Bingat PRSI Y a8 inE b Bwle) BbL
current gogieiad evittiat ah Nab&dires deftedlan aBe i Suppdrec @chCtha édcra ispmdusct i ng
fluid;, and a | ayer of protective material for covering the control circuit
wher ei n €lgstrigaby é‘@UP{ﬁéP faoaei afl ther pluselity afhelegiisallylisdaiegusectipnst herednt r ol

i 0t heofoyRh e cBhip et o Rgepahudatn loREFRAE o RFoldH SaciBt AR
i ndi cat eplukaitpoéskctrecallf isodaddctactignd taigdneralte arcetriend sigmagureshagintivated eps
of: lam nat(iaenvgq a. non- conduc ia?ggel ement between first and second dissimlar

mat er i al $GEPUFREB CRNAR MY UYCInGAUIE NG i r st and second dissinilar
materials proyi Iggera oY%rB?&ﬁy@?@%&%rlaﬁ"fo egggglﬁl%t SIGﬁtr(W bi Jih%vffe‘?@iﬂ“ﬁ%é ng

fluid; renoving portion o I rst an ssimlar materials from
t he per i pstectivef matesias ppyiects thacontrohcirelieas the contdolatiicod i€ betreated ivehen

exposed o SleRhPoloBblidds SFRHIMAIMSH G heddTuRu Rgke defined by the

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 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 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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electrically coupled to each of the dissimlar materials using a conductive
adhesi ve; and activating the circuit that controls the flow of current

bet ween twe 2diwBap178l ar materi al s t hrough the conduct i ngPCraisdoowosiadi cat e
the presence of the conducting fluid. 16. The nmethod of C aim 15 further
conprising the step of creating a voltaic cell through oxidation and
reduction reacti ons when the first and second dissimlar materi als are in

d i Cflui d. Th d_of
conpr 1 51 bt nd e BB o SRR g e tEuoreaR MOy R uFioTaaical TR quer y
| dentifi g9, t herricfptiidd of Clim TR Rethilsing Bleiaids othecali theideRflbet | ng

fluid is physiological fluid. The method of Clalm15 further conprising
the step of s&cam agnah@utméﬁmdu%uto produgehataggssupiosict puelthat aCbV@eruce

he phar maceud] s CrubibEangftiekEdy MaClhel PBartidcatibal SicBllel 8F uif pgded "
physi ol ogl cal pidddictlis @Qonﬁmwmtmq@.mg.gyaﬂm 19 further conprising the step
of seali n(c);fthe tagged product with a coating such that the tag%?ﬁ? pr oduct

i s seal ed0frohhe H@ewwsofo%nbéia furthed Cf)mpflélr@r teesiapeal seplingl thg tagapd
until the coa h hysi [ ng
t he tagged pr%Il uct SA(’)Imr (?Z%hggﬁiq ?rﬁctgt ﬁjsaﬁt%%ag% %t'cgcidclt’ ?he ggg%%ﬁprrg%muct
i s exposed t ophysiolpbical mhldqt)calpréd:leﬂntd 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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