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(54) Title: MINIATURIZED ELECTRONIC SYSTEMS WITH WIRELESS POWER AND NEAR-FIELD COMMUNICATION
CAPABILITIES

(57) Abstract: The invention provides systems and meth
ods for tissue-mounted electronics and photonics.

FIG. B Devices of some embodiments of the invention imple
ment high performance, and optionally flexible, device
components having miniaturized formats in device archi
tectures that minimize adverse physical effects to tissue

NFC and/or reduce interfacial stresses when mounted on tissue
surfaces. In some embodiments, the invention provides
complementary tissue mounting strategies providing for
mechanically robust and/or long term integration of the
present devices, for example, via mounting on tissue sur

I faces that are not subject to rapid growth or exfoliation
processes such as the fingernail, toenail, tooth or earlobe.
Devices of the invention are versatile and support a broad
range of applications for sensing, actuating and commu
nication including applications for near field communica
tion, for example, for password authentication, electronic
transactions and biometric sensing.
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Size : < 8 mm diameter (down to 5 mm)

Thickness : 50 µ (coils), 00 µη (chips)
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MINIATURIZED ELECTRONIC SYSTEMS WITH WIRELESS POWER AND NEAR-

FIELD COMMUNICATION CAPABILITIES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority from U.S. Provisional Patent

Application No. 62/1 69,308 filed June 1, 201 5 , U.S. Provisional Patent Application

No. 62/1 69,983 filed June 2 , 201 5 , U.S. Provisional Application Number 62/21 8,345

filed September 14, 201 5 , and U.S. Provisional Application No. 62/21 8,321 filed

September 14, 201 5 , each of which is hereby incorporated by reference in its

entirety to the extent not inconsistent herewith.

STATEMENT REGARDING FEDERALLY SPONSORED

RESEARCH OR DEVELOPMENT

[0002] Not applicable.

BACKGROUND OF INVENTION

[0003] Wearable electronics and photonics are a class of systems with potential

to broadly impact a range of technologies, industries and consumer products.

Advances in wearable systems are driven, in part, by development of new materials

and device architectures providing for new functionalities implemented using device

form factors compatible with the body. Wearable consumer products are available,

for example, that exploit small and portable electronic and/or photonic systems

provided in body mounted form factors, such as systems building off of conventional

body worn devices such as eye glasses, wrist bands, foot ware, etc. New device

platforms are also under development to extend the range of wearable technology

applications including smart textiles and stretchable/flexible electronic systems

incorporating advanced electronic and photonic functionality in spatially complaint

form factors compatible with low power operation, wireless communication and novel

integration schemes for interfacing with the body. [See, e.g., Kim et al. , Annu. Rev.

Biomed. Eng. 201 2.14; 113-1 28; Windmiller, et al., Electroanalysis; 201 3 , 25, 1, 29-

46; Zeng et al., Adv. Mater., 201 4 , 26, 531 0-5336; Ahn et al., J Phys. D: Appl. Phys.,

201 2 , 45, 103001 .]

[0004] Tissue mounted systems represent one class of wearable systems

supporting diverse applications in healthcare, sensing, motion recognition and



communication. Recent advances in epidermal electronics, for example, provide a

class of skin-mounted electronic and/or optoelectronic systems provided in physical

formats enabling intimate contact with the skin. [See, e.g., US Publication No.

201 3/0041 235.] Epidermal electronic systems combine high performance

stretchable and/or ultrathin functional materials with soft elastic substrates

implemented in device geometries useful for establishing and maintaining conformal

contact with the soft, curvilinear and time varying surface of the skin. A number of

sensing modalities have been demonstrated using this platform including

physiological monitoring (e.g., temperature, thermal transport, hydration state, etc.)

and transduction of chemical information, for example, in connection with the

characterization of bodily fluids (e.g., pH, salt composition, etc.). [See, e.g., Huang

et al., Small, 201 4 , 10 ( 15) 3083-3090; Gao, et al., Nature Communications, 201 4 , 5 ,

4938.]

[0005] Despite considerable advances in tissue mounted systems a number of

challenges remain in the development of certain applications for this technology.

First, conformal integration of these systems on some classes of tissue, such as the

epidermis, can adversely impact the physiological state and/or chemical condition of

the tissue, for example resulting in unwanted irritation and/or immune response.

Tissue mounted systems can also influence the exchange of heat, fluid and/or gas at

the mounting site, thereby having the potential to interfere with physiological and

chemical characterization of tissue. Further, long term, reliable integration remains a

challenge for some tissue types such as tissues characterized by rapid rates of

growth, fluid exchange and/or exfoliation.

[0006] It will be appreciated from the foregoing that tissue mounted electronic and

photonic systems are needed to support the emerging applications in wearable

electronics. Tissue mounted systems and methods are needed that are capable of

robust and intimate integration without substantial delamination. Tissue mounted

systems and methods are needed that are capable of providing good electronic and

photonic performance in a manner not adversely impacting the tissue at the

mounting site. In addition, tissue mounted systems are needed that are compatible

with efficient manufacturing to enable cost effective implementation for a range of

applications.



SUMMARY OF THE INVENTION

[0007] The invention provides systems and methods for tissue-mounted

electronics and photonics. Devices of some embodiments of the invention

implement high performance, and optionally flexible, device components having

miniaturized formats in device architectures that minimize adverse physical effects to

tissue and/or reduce interfacial stresses when mounted on tissue surfaces. In some

embodiments, the invention provides complementary tissue mounting strategies

providing for mechanically robust and/or long term integration of the present devices,

for example, via mounting on tissue surfaces that are not subject to rapid growth or

exfoliation processes such as the fingernail, toenail, tooth or earlobe. Devices of the

invention are versatile and support a broad range of applications for sensing,

actuating and communication including applications for near field communication, for

example, for password authentication, electronic transactions and biometric sensing.

[0008] In one aspect, the invention provides a tissue mounted electronic system,

the system comprising: (i) a substrate having an inner surface and an outer surface;

and (ii) an electronic device comprising one or more inorganic and/or organic

components supported by the outer surface of the substrate; wherein the electronic

device has a thickness less than or equal to 5 millimeters, optionally less than 1

millimeter, and has lateral dimensions small enough to provide long-term conformal

integration via direct or indirect contact with the tissue without substantial

delamination. As used herein, the expression "long-term conformal integration"

refers to the capability of the present systems to establish and maintain conformal

contact with a tissue surface for at least 3 hours, optionally at least 1 day or at least

1 month, without undergoing delamination or other degradation sufficient to impair

electronic or photonic performance. Miniaturized thickness and lateral dimensions

are significant in some embodiments for enabling long term conformal integration, for

example, wherein the electronic device is characterized by a maximum thickness

less than 2 mm, optionally less than 125 micron, less than 0.1 micron or less than

0.05 micron, and/or wherein the electronic device is characterized by an area of less

than 2 cm2, optionally less than 0.5 cm2 or less than 0.1 cm2. In an embodiment of

this aspect, the electronic system is directly supported by and in physical contact

with the tissue or indirectly supported by the tissue, for example, via one or more

intermediate components provided in between the system and the tissue.



[0009] In another aspect, the invention provides a tissue mounted electronic

system, the system comprising: (i) a substrate having an inner surface and an outer

surface; and (ii) an electronic device comprising one or more inorganic components,

organic components or a combination of inorganic and organic components

supported by the outer surface of the substrate; wherein the electronic device has a

thickness less than or equal to 10 millimeters, optionally less than 5 millimeters or 1

millimeter, and has lateral dimensions small enough to provide conformal integration

with the tissue without inflammation or immune response of the tissue. As used

herein, the expression "conformal integration with the tissue without inflammation or

immune response" refers to the capability of the present systems to establish

conformal contact with a tissue surface without causing an observable inflammation

or immune response from the tissue at the mounting site. Miniaturized thickness and

lateral dimensions are significant in some embodiments for enabling conformal

integration with the tissue without inflammation or immune response, for example,

wherein the electronic device is characterized by a maximum thickness less than 2

mm, optionally less than 125 microns, less than 0.1 micron or less than 0.05 micron,

and/or wherein the electronic device is characterized by an area of less than 2 cm2,

optionally less than 0.5 cm2 or less than 0.1 cm2. In an embodiment of this aspect,

the electronic system is directly supported by and in physical contact with the tissue

or indirectly supported by the tissue, for example, via one or more intermediate

components provided in between the system and the tissue.

[0010] In another aspect, the invention provides a tissue mounted electronic

system, the system comprising: (i) a substrate having an inner surface and an outer

surface; and (ii) an electronic device comprising one or more inorganic components,

organic components or combination of inorganic and organic components supported

by the outer surface of the substrate; wherein the electronic device has a thickness

less than or equal to 10 millimeters, optionally less than 5 millimeters or 1 millimeter,

and has lateral dimensions small enough to provide conformal integration with the

tissue without substantially changing the exchange of heat and fluids from the tissue

surface upon which the system is mounted. As used herein, the expression

"conformal integration with the tissue without substantially changing the exchange of

heat and fluids" refers to the capability of the present systems to establish conformal

contact with a tissue surface without changing the amount of heat and fluids



absorbed or released from the tissue surface at the mounting site by a factor greater

than 75%, optionally greater than 25%, relative to the tissue surface without the

mounted device. Miniaturized thickness and lateral dimensions are significant in

some embodiments for enabling conformal integration with the tissue without

substantially changing the exchange of heat and fluids, for example, wherein the

electronic device is characterized by a maximum thickness less than 2 mm,

optionally less than 125 microns, less than 0.1 micron or less than 0.05 micron,

and/or wherein the electronic device is characterized by an area of less than 2 cm2,

optionally less than 0.5 cm2 or less than 0.1 cm2. In an embodiment of this aspect,

the electronic system is directly supported by and in physical contact with the tissue

or indirectly supported by the tissue, for example, via one or more intermediate

components provided in between the system and the tissue.

[0011] In another aspect, the invention provides a tissue mounted electronic

system, the system comprising: (i) a substrate having an inner surface and an outer

surface; and (ii) an electronic device comprising one or more inorganic components,

organic components or combination of inorganic and organic components supported

by the outer surface of the substrate; wherein the electronic device is capable of

establishing conformal integration with the tissue, and wherein the electronic device

undergoes a transformation upon an external stimulus or an internal stimulus;

wherein the transformation provides a change in function of the system from a first

condition to a second condition. Systems of this aspect may be compatible with a

range of external and/or internal stimuli, including movement of the system,

tempering with the system, a physical, chemical or electromagnetic change of the

system, change in a measured signal or property, change in an ambient parameter

and combinations of these. In an embodiment, the transformation provides the

change in function of the device from a first condition of operability to a second

condition of inoperability. In an embodiment, the transformation is induced upon

removal or attempted removal of the system from a mounting position on the tissue.

In an embodiment, the transformation is induced by a physical change, a chemical

change, a thermal change or electromagnetic change of the system or a component

thereof. In an embodiment, the transformation is induced by physical breakage of a

component of the system (e.g., breakage of an active component, breakage of an

electronic interconnect, breakage of the substrate, breakage of a barrier layer or



encapsulating layer, etc.), a physical deformation of a component of the system

(e.g. deformation of an active component, deformation of an electronic interconnect,

deformation of the substrate, etc.), a change in physical conformation of the system

(e.g., change in contour, a change in curvature, etc.), or removal of a barrier or

encapsulation layer of the system, for example, such that resulting exposure to the

environment induces a change. In an embodiment, the transformation is induced a

change in a value of a measured device property (e.g., state of strain, antenna

property), a measured physiological property of the tissue or subject (e.g.,

temperature, pH level, glucose, pulse oximetry, heart rate, respiratory rate, blood

pressure, peripheral capillary oxygen saturation (Sp02)) or measured ambient

property (e.g., temperature, electromagnetic radiation, etc.). In an embodiment, the

transformation is induced by a positional change (e.g., movement of the system) or a

temporal change (e.g., upon elapse of a preselected period of time). Miniaturized

thickness and lateral dimensions are significant in some embodiments for enabling a

capability of undergoing a transformation upon removal from a mounting location, for

example, wherein the electronic device is characterized by a maximum thickness

less than 2 mm, optionally less than 125 microns, less than 0.1 micron or less than

0.05 micron, and/or wherein the electronic device is characterized by an area of less

than 2 cm2, optionally less than 0.5 cm2 or less than 0.1 cm2. In an embodiment of

this aspect, the electronic system is directly supported by and in physical contact

with the tissue or indirectly supported by the tissue, for example, via one or more

intermediate components provided in between the system and the tissue.

[0012] In another aspect, the invention provides a tissue mounted electronic

system, the system comprising: (i) a substrate having an inner surface and an outer

surface; wherein the inner surface of the substrate is for establishing contact with a

tissue surface; and (ii) an electronic device comprising one or more inorganic

components, organic components or a combination of inorganic and organic

components; wherein each of the inorganic components is supported by the outer

surface and independently positioned within 20 millimeters, optionally 16 millimeters,

or 10 millimeters, or 1 millimeter, of an edge of the substrate (e.g., perimeter edge or

edge of a cut-out region positioned away from the perimeter); wherein the tissue

mounted electronic device has lateral dimensions less than or equal to 20

millimeters, optionally for some applications less than or equal to 16 millimeters, and



a thickness less than or equal to 5 millimeters, optionally for some applications less

than or equal to 10 millimeters. In an embodiment of this aspect, the electronic

system is directly supported by and in physical contact with the tissue or indirectly

supported by the tissue, for example, via one or more intermediate components

provided in between the system and the tissue.

[0013] As used herein, the term "tissue-mounted" is intended to broadly include a

class of systems that upon implementation are supported by one or more tissue

surfaces. In some embodiments, upon implementation, tissue-mounted systems of

the invention are supported directly by a tissue surface, for example, wherein a

surface of the system, such as a substrate surface, is in physical contact with the

tissue surface, such as in conformal contact. In some embodiments, upon

implementation, tissue-mounted systems of the invention are supported indirectly by

a tissue surface, for example, wherein a surface of the system, such as a substrate

surface, is in physical contact with an intermediate structure, such as an integration

platform, provided between the tissue surface and the tissue-mounted system. A

tissue mounted system may be coupled to the body by a wide variety of intermediate

structures supported by the body including manufactured materials and non-natural

materials. In some embodiments, for example, a tissue mounted system may be

directly or indirectly coupled to the body by faux nails (i.e., false finger nails), teeth,

clothing (buttons, tags, woven material, etc), jewelry (e.g., rings, bracelets,

necklaces, wrist watches, piercings, etc.), body-enhancements, glasses, gloves, nail

polish and the like.

[0014] Conformal integration refers to the ability of the present systems to be

provided to a tissue in a manner that the device spatially conforms at an interface

between the system and the tissue or at the interface with an intermediate structure

provided between the system and tissue surface. Conformal integration may be via

direct or indirect contact with a tissue surface. Tissue mounted systems of the

invention may be provided in direct conformal integration, wherein the system itself

establishes conformal contact with the tissue surface. Tissue mounted systems of

the invention may be provided in indirect conformal integration, wherein the system

is provided on an intermediate structure provided in conformal contact with the tissue

surface, such as a prosthetic, adhesive tape, faux nails (i.e., false finger nails),



clothing (buttons, tags, woven material, etc), jewelry (e.g., rings, bracelets,

necklaces, wrist watches, piercings, etc.), body-enhancements, glasses, gloves, nail

polish and the like.

[0015] In some embodiments, for example, the system has lateral dimensions

selected from the range of 5mm to 20mm. In some embodiments, for example, the

system has thickness dimensions selected from the range of 0.1 25 mm to 5 mm, or

0.005 mm to 5 mm. In some embodiments, for example, the system is characterized

by a footprint/contact area of 10 mm2 to 500 mm2, or 20 mm2 to 350 mm2, or 30 mm2

to 150 mm2, in some embodiments the system is characterized by a footprint/contact

area greater than 25 mm2 or greater than 20 mm2. In some embodiments, for

example, the system is characterized by an areal mass density of 0.1 mg cm 2 to 100

mg cm 2. In some embodiments, for example, the system has a tapered thickness

from the center to outer edge. In some embodiments, a taper of not less than 5

degrees, or not less than 10 degrees, from the center of the system to the outer

edge reduces or prevents delamination. In some embodiments, the system is

symmetrically or asymmetrically tapered from the center to the outer edges. In some

embodiments, for example, the system has a shape selected from the group

consisting of elliptical, rectangular, circular, serpentine and irregular shapes. In

some embodiments, for example, the system is characterized by component lateral

dimensions selected from 4 mm to 16 mm. In some embodiments, for example, the

system comprises Sheldahl Novaclad® adhesiveless laminate made with 18 µι

copper x 12 µι polyimide film x 18 µι copper.

[0016] In some embodiments, the overall system geometry is designed to reduce

or prevent delamination, for example, via having a tapered geometry. In an

embodiment, for example, a portion of, or all, intersecting outer surfaces are joined

radially at an angle to reduced or prevent delamination. In an embodiment, for

example, the system is characterized by a gradual reduction of thickness in a range

equal to or less than the center of the device to outer surface to reduce or prevent

delamination. In an embodiment, for example, a thickness at an edge, such as an

outer edge of the system or an edge of an aperture of the system, is at least 2 times,

or at least 5 times, or at least 10 times, less than a thickness at a center (or mid-point

between edges) of a system. In an embodiment, a thickness of the overall system



decreases substantially asymptotically from a mid-point of the system to an edge,

such as an outer edge of the system or an edge of an aperture of the system.

[0017] In some embodiments, the present systems are waterproof, for example,

by encapsulation or packaging, with a biopolymer, a thermoset polymer, a rubber, an

adhesive tape, plastic or any combination of these. For example, in embodiments, the

system comprises an encapsulation layer or other waterproofing structure comprising

polyimide, conformal Q, vinyl, acrylic, polydimethylsiloxane (PDMS), polyurethane,

vinyl, polystyrene, polymethyl methacrylate (PMMA) or polycarbonate.

[0018] In some embodiments, the present systems incorporate an easy peel tab

to facilitate deployment onto a tissue surface, for example, that can easily be

discarded after mounting.

[0019] In an embodiment, the inner surface of the substrate conforms to the

curvature of a tissue surface. In embodiments, the inorganic and/or organic

components are selected from inorganic and/or organic semiconductor components,

metallic conductor components and combinations of inorganic semiconductor

components and metallic conductor components. In an embodiment, for example,

each of the inorganic components is independently positioned within 10 millimeters,

optionally within 1 millimeter, of an edge of the perimeter of the substrate. In an

embodiment, each of the inorganic components is independently positioned within

10 millimeters, and in some embodiments less; e.g. optionally within 1 millimeter, of

an edge of an aperture in the substrate. In an embodiment, each of the inorganic

components is independently characterized by a shortest distance to an edge of the

substrate, wherein an average of the shortest distances for the inorganic

components is equal to or less than 10 millimeters, optionally equal to or less than 1

millimeter.

[0020] Systems and methods of some aspects of the invention exploit overall size

miniaturization to achieve a mechanically robust interface with a tissue surface

without generating stresses or strains adversely impacting performance and/or to

minimize adverse physical effects to tissue. In embodiments, for example, the tissue

mounted electronic system has a lateral area footprint less than or equal to 500 mm2,

optionally less than or equal to 3 15 mm2, or selected from the range of 1 mm2 to 500



mm2 and optionally selected from the range of 1 mm2 to 3 15 mm2. In an

embodiment, the ratio of a lateral area foot print of the tissue mounted electronic

system to the area of the tissue is greater than or equal to 0.1 . In an embodiment,

the tissue mounted electronic system has an areal mass density selected from the

range of 1 mg cm 2 to 100 mg cm 2. In embodiments, the tissue mounted electronic

system has an average thickness selected from the range of 5 microns to 5

millimeters, optionally 12 microns to 1 millimeter, optionally 50 microns to 90

microns, or, for example, greater than 50 microns. In an embodiment, the tissue

mounted electronic system has an overall maximum thickness less than 0.1 mm and

at least one region having a thickness selected from the range of 0.05 mm to 0.09

mm. For example, a region of the tissue mounted electronic system comprising a

relatively thick component, such as an NFC chip or an LED, may provide a thickness

less than 0.1 mm and a region of the tissue mounted electronic system comprising a

relatively thin component, such as only substrate, may provide a thickness selected

from the range of 0.05 mm to 0.09 mm, or a thickness of less than 0.09 mm, or less

than 0.07 mm.

[0021] Systems and methods of some aspects of the invention integrate thin,

flexible functional components and substrates to provide sufficient mechanical

compliance to achieve a conformal interface at the mounting site for a tissue surface.

Advantages of mechanically flexible systems of the invention include the ability to

conform to complex contoured tissue surfaces and/or tissue surfaces that are

dynamic with respect to time. Alternatively, the invention also includes rigid systems

integrating rigid functional components and/or substrates, for example, for integration

with tissue types having compatible physical properties, such as the fingernail, tooth

or toenail. Advantages of mechanically rigid systems of the invention include

providing high functionality systems, where thin, mechanically flexible construction

might represent a disadvantage, in terms of potential damage during manipulation.

[0022] In embodiments, the tissue mounted electronic system has an average

modulus selected from the range of 10 kPa to 100 GPa, or greater than 10 kPa,

optionally greater than 100 MPa. In embodiments, the tissue mounted electronic

system has a flexural rigidity selected from the range of 0.1 nN m to 1 N m. In an

embodiment, the tissue mounted electronic system has a net bending stiffness of



greater than 0.1 nN m, optionally for some applications greater than 10 nN m, and

optionally for some applications greater than 1000 nN m. In some embodiments, for

example, one or more mechanical properties of the device, such as average

modulus, flexural rigidity or bending stiffness, are matched to properties of the tissue

at the mounting site; e.g., within a factor of 5 . In embodiments, for example, the

system is rigid and in a fixed shape to conform to a tissue surface, such as a curved

or contoured shape that matches the tissue surface, e.g., matches the curvature of

the fingernail. In embodiments, the tissue mounted electronic system has an

adhesion strength selected from the range of 1 N / 25mm to 50 N / 25 mm, or the

tissue mounted electronic system has an adhesion strength greater than 50 N / 25

mm, or greater than 60 N / 25 mm. In some embodiments, peel adhesion can be

tuned for specific applications after 20 minutes at room temperature.

[0023] Systems of the invention include multilayer devices, for example, wherein

functional layers having electronically and/or optoelectronically functional device

components are separated from each other by structural layers, such as electrically

insulating or supporting layers or coatings. In embodiments, the tissue mounted

electronic system has a multilayer geometry comprising a plurality of functional

layers, supporting layers, encapsulating layers, planarizing layers or any

combination of these. In embodiments, the tissue mounted electronic system has a

shape selected from the group consisting of elliptical, rectangular, circular,

serpentine and/or irregular. In an embodiment, the shape is characterized by an

aspect ratio of a lateral dimension to thickness less than 10,000 or optionally for

some embodiments selected from the range of 5000 to 3 .

[0024] Substrates having a range of physical and chemical properties are useful

in the systems and methods of the present invention. The invention includes

substrates having functionality as an electrical insulator, an optically transparent

layer, an optical filter and/or a mechanically supporting layer. In embodiments, the

inner surface of the substrate has an area for establishing the conformal contact with

the tissue surface less than or equal to 3 15 mm2, or selected from the range of 19

mm2 to 3 15 mm2. In an embodiment, the substrate has a perforated geometry

including a plurality of apertures extending through the substrate. In an embodiment,

the substrate is discontinuous. In an embodiment, the apertures allow passage of



gas and fluid from the tissue through the device, in some embodiments, the

apertures allow transport of fluid away from the tissue surface. In an embodiment,

each of the apertures is independently characterized by lateral dimensions selected

from the range of 12 microns to 5 millimeters, or 25 microns to 1 millimeter, or 50

microns to 500 microns. In an embodiment, perforations are distributed in the

substrate with a pitch selected from the range of 4 mm to 0.2 mm, or 2 mm to 0.5

mm. In an embodiment, the perforations are openings, such as circular openings,

having average diameters greater than 0.1 mm and less than 2 mm, or greater than

0.2 mm and less than 1 mm. In an embodiment, the substrate has an areal density

of the apertures selected from the range of one per cm2 to one hundred per cm2. In

an embodiment, the apertures are provided in a substantially spatially uniform

distribution across the substrate. In an embodiment, the apertures provide an overall

mesh geometry of the substrate. In an embodiment, the apertures provide a porosity

of the substrate equal to or greater than 0.01%, optionally for some embodiments

equal to or greater than 0.1 %, or equal to or greater than 1%, or equal to or greater

than 10%. In an embodiment, a perforated or discontinuous substrate comprises at

least 0.01% open area, or at least 0.1% open area, or at least 0.5% open area, or at

least 1% open area, or at least 5% open area, or at least 10% open area. In an

embodiment, each of the apertures is independently characterized by a cross

sectional area selected from the range of 100 µι 2 to 1 cm2, or 200 µι 2 to 1 mm2, or

500 µι 2 to 0.5 mm2.

[0025] In embodiments, the substrate is a flexible substrate or a stretchable

substrate. In an embodiment, the substrate is characterized by an average modulus

selected from the range of 10 kPa to 100 GPa, or greater than 10 kPa, optionally for

some applications greater than 10 kP. In an embodiment, the substrate is

characterized by an average thickness selected from the range of 12 microns to 5

millimeters, 25 microns to 1 millimeter, or 50 microns to 90 microns, and in some

embodiments, greater than 500 microns, optionally for some embodiments, greater

than 1000 microns.

[0026] In an embodiment, the substrate comprises one or more thin films,

coatings or both. For example, in some embodiments, a coating or thin film is

provided directly on the electronic device or component thereof, and in some



embodiments, in direct physical contact. In some embodiments, however, the

coating or thin film is provided on an intermediate structure positioned between the

electronic device and the coating or film. In embodiments, the substrate comprises

an inorganic polymer, an organic polymer, a plastic, an elastomer, a biopolymer, a

thermoset polymer, a rubber, an adhesive tape or any combination of these. For

example, in embodiments, the substrate comprises polyimide polydimethylsiloxane

(PDMS), polyurethane, cellulose paper, cellulose sponge, polyurethane sponge,

polyvinyl alcohol sponge, silicone sponge, polystyrene, polymethyl methacrylate

(PMMA) or polycarbonate.

[0027] A range of functional electronic device components and device integration

strategies are compatible with the present methods and systems, thereby supporting

expansive applications in wearable electronics. In an embodiment, for example, the

system further comprises one or more encapsulating layers or coatings for

encapsulating the electronic device. In embodiments, the electronic device is a rigid

device, a semi-rigid device, a flexible electronic device or a stretchable electronic

device. In embodiments, for example, each of the one or more inorganic or organic

components independently comprises one or more thin films, nanoribbons,

microribbons, nanomembranes or micromembranes. In an embodiment, the one or

more inorganic or organic components independently comprise a single crystalline

inorganic semiconductor material.

[0028] In an embodiment, for example, the one or more inorganic or organic

components independently have a thickness selected from the range of 5 microns to

5000 microns, optionally for some applications 50 microns to 100000 microns,

optionally for some applications the range of 50 microns to 2000 microns. In an

embodiment, for example, the one or more inorganic or organic components

independently have a thickness greater than 5 microns and optionally for some

embodiments a thickness greater than 50 microns. In an embodiment, the one or

more inorganic or organic components are independently characterized by a curved

geometry, for example, a bent, coiled, interleaved or serpentine geometry. In an

embodiment, the one or more inorganic or organic components are characterized by

one or more island and bridge structures.



[0029] In embodiments, the electronic device has a multilayer geometry

comprising a plurality of functional layers, barrier layers, supporting layers and

encapsulating layers. In an embodiment, the electronic device is provided proximate

to a neutral mechanical surface of the system. In an embodiment, for example, the

electronic device comprises one or more sensors or a component thereof, for

example, sensors selected from the group consisting of an optical sensor, an

electrochemical sensor, a chemical sensor, a mechanical sensor, a pressure sensor,

an electrical sensor, a magnetic sensor, a strain sensor, a temperature sensor, a

heat sensor, a humidity sensor, a motion sensor (e.g., accelerometer, gyroscope), a

color sensor (colorimeter, spectrometer), an acoustic sensor, a capacitive sensor, an

impedance sensor, a biological sensor, an electrocardiography sensor, an

electromyography sensor, an electroencephalography sensor, an

electrophysiological sensor, a photodetector, a particle sensor, a gas sensor, an air

pollution sensor, a radiation sensor, an environmental sensor and an imaging device.

[0030] In an embodiment, the electronic device comprises one or more actuators

or a component thereof, for example, actuators or a component thereof generating

electromagnetic radiation, optical radiation, acoustic energy, an electric field, a

magnetic field, heat, a RF signal, a voltage, a chemical change or a biological

change. In embodiments, the one or more actuators or a component thereof are

selected from the group consisting of a heater, an optical source, an electrode, an

acoustic actuator, a mechanical actuator, a microfluidic system, a MEMS system, a

NEMS system, a piezoelectric actuator, an inductive coil, a reservoir containing a

chemical agent capable of causing a chemical change or a biological change, a

laser, and a light emitting diode.

[0031] In embodiments, the electronic device comprises one or more energy

storage systems or a component thereof, for example, energy storage systems or

components thereof selected from the group consisting of an electrochemical cell, a

fuel cell, a photovoltaic cell, a wireless power coil, a thermoelectric energy harvester,

a capacitor, a super capacitor, a primary battery, a secondary battery and a

piezoelectric energy harvester.

[0032] In embodiments, the electronic device comprises one or more

communication systems or a component thereof, for example, communication



systems or components thereof selected from the group consisting of a transmitter, a

receiver, a transceiver, an antenna, and a near field communication device.

[0033] In embodiments, the electronic device comprises one or more coils, for

example, inductive coils or near-field communication coils. In an embodiment, each

of the near-field communication coils independently has a diameter selected from the

range of 50 microns to 20 millimeters. In an embodiment, for example, each of the

near-field communication coils independently has an average thickness selected

from the range of 1 micron to 5 millimeters, 1 micron to 500 microns, 1 micron to 100

microns, 5 microns to 90 microns, or 50 microns to 90 microns. In an embodiment,

for example, each of the near-field communication coils changes by less than 50%,

and optionally changes by less than 20%, upon changing from a planar configuration

to a bent configuration characterized by a radius of curvature selected from the

range of 1 mm to 20 mm. In an embodiment, each of the near-field communication

coils is characterized by a Q factor greater than or equal to 3 . In an embodiment, the

one or more coils are at least partially encapsulated by the substrate or one or more

encapsulation layers. In embodiments, for example, the one or more coils have a

geometry selected from the group consisting of an annulus or an elliptical annulus.

In an embodiment, the tissue mounted system of the invention comprises at least

two layered coils, wherein the coils are separated by a dielectric layer.

[0034] In some embodiments, the transfer of information to and/or from the

system is done wirelessly, for example, through ISO standards such as ISO14443

for proximity contanctless cards, ISO1 5693 for vicinity contactless cards, ISO1 8000

set of standards for RFIDs and EPC global Class 1 Gen 2 (=1 8000-6C).

[0035] In an aspect, the tissue mounted system of the invention further comprises

a mounting platform to provide effective integration with one or more tissue surfaces.

In some embodiments, for example, the mounting platform has an external surface

for establishing contact with a surface of said tissue and an internal surface for

supporting said electronic device and substrate. In an embodiment, the mounting

platform is the substrate component of the system itself. In an embodiment, said

mounting platform is for establishing conformal contact with said tissue surface, such

as establishing conformal contact with a surface of a fingernail. The invention

includes mounting platform components that are rigid or flexible. In an embodiment,



the mounting platform is a prosthetic. In an embodiment, the mounting platform is an

adhesive tape. In an embodiment, the mounting platform is a false fingernail.

[0036] In some embodiments, the system further comprises one or more LED

components, for example, to provide an indication of device functionality or for

aesthetics. In an embodiment, for example, the system includes one or more LED

components designed to remain on after being removed from a reader. In an

embodiment, for example, the system is incorporated in or encapsulated by a faux

nail or nail covering, such as nail polish. In an embodiment, for example, the system

includes cover layers or packaging to be made to match tissue in shape and color,

for example, for a camouflage function.

[0037] In some embodiments, for privacy, the invention has a devoted chip that

stores an encrypted identification number that is unique to each individual device. In

addition, the chip has action-specific security codes that change constantly. The

encrypted device number helps keep patient health-care information private.

Clinicians, hospital management, and insurance providers are the only users with

access to the information. In case of emergency, hospital personnel can quickly

locate missing patients and or observe patient vital signs.

[0038] The systems and methods disclosed herein are versatile and perform a

wide array of biological functions for a diverse range of tissue types. In addition, the

present invention may be used to communicate to a variety of external electronic

devices. In an embodiment, for example, the inner surface of the substrate is

capable of establishing conformal contact with the tissue surface comprising an

external tissue. In embodiments, the external tissue is skin, a fingernail, a toenail, a

tooth, hair or an ear lobe. In an embodiment, hair includes but is not limited to hair

on a wearer's head, eyebrows or body hair. In embodiments, for example, the inner

surface of the substrate is bonded to the tissue surface via an adhesive, such as an

acrylic, silicone, ACP, Conformal Q, lead free solder or any combination of these. In

an embodiment, the system further comprises a near field communication device, for

example, a near field communication device for password authentication, electronic

transactions or biosensing. In an embodiment, the near field communication device

is for communicating with a computer or mobile electronic device.



[0039] In an aspect, the present invention is a method of sensing, actuating or

communicating; the method comprising: (i) providing a tissue mounted electronic

system on a tissue surface; wherein the tissue mounted electronic system

comprises: (a) a substrate having an inner surface and an outer surface; and (b) an

electronic device comprising one or more inorganic components, organic

components or combination of inorganic and organic components supported by the

outer surface of the substrate; wherein the electronic device has a thickness less

than or equal to 5 millimeters, optionally less than 10 millimeters, and has lateral

dimensions small enough to provide long-term conformal integration with the tissue

without substantial delamination; and (ii) sensing, actuating or communicating using

the tissue mounted electronic system.

[0040] In an aspect, the present invention is a method of sensing, actuating or

communicating; the method comprising: (i) providing a tissue mounted electronic

system on a tissue surface; wherein the tissue mounted electronic system

comprises: (a) a substrate having an inner surface and an outer surface; and (b) an

electronic device comprising one or more inorganic components, organic

components or combination of inorganic and organic components supported by the

outer surface of the substrate; wherein the electronic device has a thickness less

than or equal to 5 millimeters, optionally less than 10 millimeters, and has lateral

dimensions small enough to provide conformal integration with the tissue without

substantial inflammation or immune response; and (ii) sensing, actuating or

communicating using the tissue mounted electronic system.

[0041] In an aspect, the present invention is a method of sensing, actuating or

communicating; the method comprising: (i) providing a tissue mounted electronic

system on a tissue surface; wherein the tissue mounted electronic system

comprises: (a) a substrate having an inner surface and an outer surface; and (b) an

electronic device comprising one or more inorganic components, organic

components or combination of inorganic and organic components supported by the

outer surface of the substrate; wherein the electronic device has a thickness less

than or equal to 5 millimeters, optionally less than 1 millimeter, and has lateral

dimensions small enough to provide conformal integration with the tissue without

substantially changing the exchange of heat and fluids from the tissue surface upon



which the system is mounted; and (ii) sensing, actuating or communicating using the

tissue mounted electronic system.

[0042] In an aspect, the present invention is a method of sensing, actuating or

communicating; the method comprising: (i) providing a tissue mounted electronic

system on a tissue surface; wherein the tissue mounted electronic system

comprises: (a) a substrate having an inner surface and an outer surface; and (b) an

electronic device comprising one or more inorganic components, organic

components or combination of inorganic and organic components supported by the

outer surface of the substrate; wherein the electronic device has a thickness less

than or equal to 5 millimeters, optionally less than 10 millimeters, and has lateral

dimensions small enough to provide conformal integration with the tissue in a

manner such that it is rendered functionally inoperable upon removal from the tissue;

and (ii) sensing, actuating or communicating using the tissue mounted electronic

system.

[0043] In an aspect, the present invention is a method of sensing, actuating or

communicating; the method comprising: (i) providing a tissue mounted electronic

system on a tissue surface; wherein the tissue mounted electronic system

comprises: (a) a substrate having an inner surface and an outer surface; wherein the

inner surface of the substrate is for establishing contact with a tissue surface; (b) an

electronic device comprising one or more inorganic components, organic

components or combination of inorganic and organic components supported by the

outer surface and independently positioned within 10 millimeters, optionally 1

millimeter, of an edge of the substrate (e.g., perimeter edge or edge of a cut-out

region positioned away from the perimeter); wherein the tissue mounted electronic

device has lateral dimensions less than or equal to 20 millimeters and a thickness

less than or equal to 5 millimeters, optionally for some applications less than or equal

to 10 millimeters; and (ii) sensing, actuating or communicating using the tissue

mounted electronic system.

[0044] The invention includes mounting strategies supportive of a range of

applications for wearable electronics. In an embodiment, for example, the tissue

surface comprises an external tissue of a subject, such as a human or nonhuman

subject. In an embodiment, for example, the external tissue is characterized by a



growth rate less than or equal to 6 mm per month or for some embodiments less

than or equal to 0.1 mm per day. In an embodiment, for example, the external tissue

is characterized by a rate of exfoliation less than or equal to once per day or for

some embodiments less than or equal to 0.1 mm per day. In an embodiment, for

example, the external tissue is characterized by a modulus greater than or equal to

10 kPa, optionally for some embodiments greater than or equal to 10 MPa. In an

embodiment, for example, the external tissue is characterized by a bending stiffness

greater than or equal to 0.1 nN m, optionally for some embodiments greater than or

equal to 100 nN m or greater than or equal to 1000 nN m. In an embodiment, for

example, the tissue surface is characterized by a radius of curvature selected from

the range of 1 mm to 25 mm.

[0045] In an embodiment, for example, the tissue is human tissue. In an

embodiment, for example, the tissue is skin, fingernail, a tooth, hair or an ear lobe of

a human subject. In an embodiment, for example, the tissue is not epidermal tissue.

In an embodiment, for example, the tissue is not internal tissue. In an embodiment,

for example, the tissue is non-human tissue, such as tissue of a non-human animal,

for example for livestock or veterinary applications. In an embodiment, for example,

the tissue is non-human tissue, such as tissue of a plant (e.g. leaves and/or roots),

for example for agricultural applications.

[0046] In an embodiment, the sensing, actuating or communicating comprises

generating or receiving a near field communication signal, for example, wherein the

near field communication signal is received or generated by a computer or portable

electronic device. In an embodiment, for example, the near field communication

signal is for password authentication, electronic transactions or biosensing.

[0047] In an embodiment, for example, the sensing, actuating or communicating

comprises sensing one or more tissue properties, such as physiological,

electrophysiological, chemical, thermal or optical properties of the tissue. In an

embodiment, for example, the sensing, actuating or communicating comprises

sensing one or more physical or chemical properties of a biological fluid from the

tissue.



[0048] In an embodiment, for example, the sensing, actuating or communicating

comprises actuating the tissue. In an embodiment, for example, the actuating

comprises electrostatically, thermally, optically, acoustically, magnetically or

chemically actuating the tissue.

[0049] In an embodiment, for example, a step of sensing one or more properties

comprises sensing a discrete, substantially instantaneous signal or sensing a

cumulative signal acquired over a period of time.

[0050] In an embodiment, multiple tissue mounted systems, spatially distributed

from one another, may provide data indicative of a spatially or spatiotemporally

varying property.

[0051] In an aspect, the present invention is a method of authenticating a user to

an external device; the method comprising: providing a tissue mounted electronic

system on a tissue surface; wherein the tissue mounted electronic system

comprises: a substrate having an inner surface and an outer surface; and an

electronic device comprising one or more inorganic components, organic

components or a combination of inorganic and organic components supported by the

outer surface of the substrate (e.g., perimeter edge or edge of a cut-out region

positioned away from the perimeter); and communicating using the tissue mounted

electronic system to provide an authentication signal to an external device. In an

embodiment, upon receiving the authentication signal the external device grants the

user access to operate theexternal device. For example, the external device may be

a computer, a phone, a gun, a pill bottle, a door, a vehicle, a safe, a lockbox, a

turnstile, a gate, an elevator or a lock.

[0052] In an aspect, the present invention is a method of making an electronic

payment; the method comprising: providing a tissue mounted electronic system on a

tissue surface; wherein the tissue mounted electronic system comprises: a substrate

having an inner surface and an outer surface; and an electronic device comprising

one or more inorganic components, organic components or a combination of

inorganic and organic components supported by the outer surface of the substrate

(e.g., perimeter edge or edge of a cut-out region positioned away from the



perimeter); and communicating using the tissue mounted electronic system to

provide payment information to an external device.

[0053] In an aspect, the present invention is a method of ensuring user

compliance; the method comprising: providing a tissue mounted electronic system

on a tissue surface; wherein the tissue mounted electronic system comprises: a

substrate having an inner surface and an outer surface; and an electronic device

comprising one or more inorganic components, organic components or a

combination of inorganic and organic components supported by the outer surface of

the substrate (e.g., perimeter edge or edge of a cut-out region positioned away from

the perimeter); and communicating a signal indicative of a location and identification

of the tissue mounted electronic system to an external device.

[0054] In an aspect, the present invention is a method of transferring digital

content; the method comprising: providing a tissue mounted electronic system on a

tissue surface; wherein the tissue mounted electronic system comprises: a substrate

having an inner surface and an outer surface; and an electronic device comprising

one or more inorganic components, organic components or a combination of

inorganic and organic components supported by the outer surface of the substrate

(e.g., perimeter edge or edge of a cut-out region positioned away from the

perimeter); and communicating a signal indicative of the digital content from the

tissue mounted electronic system to an external device.

[0055] In an embodiment, the electronic device is rendered functionally

inoperable upon removal from a tissue. For example, in an embodiment, the

electronic device is rendered functionally inoperable by physical breakage or

deformation of at least a portion of a device component. In another embodiment, the

electronic device is rendered functionally inoperable by removal of a barrier or

encapsulation layer to expose at least a portion of a device component to an external

environment. According to this embodiment, exposed device components may be

physically or chemically removed by elements in the external environment.

Exemplary device components that may be broken, deformed or exposed include,

but are not limited to, interconnects, coils, substrates or a combination thereof. In an

embodiment, the deformation comprises a change in curvature of the system toward

the inner surface of the substrate greater than or equal to a 4 mm radius of



curvature. In an embodiment, the deformation comprises a change in curvature of

the system away from the inner surface of the substrate.

[0056] In an embodiment, the electronic device is rendered functionally

inoperable when a value of a measured physiological property is outside of a

threshold window. In an embodiment, the physiological property may be selected

from the group consisting of temperature, pH level, glucose, pulse oximetry, heart

rate, respiratory rate, blood pressure, peripheral capillary oxygen saturation (Sp02)

and combinations thereof. For example, a temperature below the typical basal body

temperature of a wearer of a device may indicate that the device has been removed

from tissue, or a pulse or heart rate of zero may indicate that a wearer is deceased,

and the device should be rendered inoperable. Inoperability may be achieved, for

example, by a microprocessor of the device initiating instructions that prevent

transmission (e.g., of secure information, such as personal identifying information or

payment information) from the electronic device to an external device or by a

microprocessor of the electronic device initiating instructions to provide excess

power to a component of the device to electrically destroy the component, thereby

achieving functional inoperability.

[0057] In an embodiment, the electronic device is rendered functionally

inoperable after a predetermined amount of time, after being used a set number of

times, or upon failure to properly authenticate after a set number of tries. For

example, the electronic device may self-destruct or become unusable after a set

period of time after being used a set number of times, or upon failure to properly

authenticate after a set number of tries. In an embodiment, the predetermined

amount of time or allowable usages or authentication attempts is programmed into a

microcontroller of the electronic device and inoperability may be achieved, for

example, by a microprocessor of the device initiating instructions that prevent

transmission from the electronic device to an external device or by a microprocessor

of the electronic device initiating instructions to provide excess power to a

component of the device to electrically destroy the component, thereby achieving

functional inoperability.

[0058] Without wishing to be bound by any particular theory, there may be

discussion herein of beliefs or understandings of underlying principles relating to the



devices and methods disclosed herein. It is recognized that regardless of the

ultimate correctness of any mechanistic explanation or hypothesis, an embodiment

of the invention can nonetheless be operative and useful.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] FIG. 1A. Schematic illustration of a top plan view of a tissue mounted

system comprising a fingernail mounted NFC device.

[0060] FIG. 1B. Schematic illustration of a side exploded view of a tissue

mounted system comprising a fingernail mounted NFC device.

[0061] FIG. 2. Schematic illustration and images of flexible mm-NFC

devices with and without LEDs. (a, b) Pictures of the devices and (c) scanning

electron microscope image of the region of (b) indicated by the red dashed box. (d)

Cross-sectional SEM image of one part of the coils (e) Exploded-view schematic

illustration of each layer of a device mounted on a fingernail (f) Picture of a f ree

standing device held at one edge by tweezers.

[0062] FIG. 3. Experimental and simulation results for the electromagnetic

properties of flexible mm-NFC devices bent to different radii of curvature, (a)

Top view and 3D illustrations of devices at different curvatures (b) Measured phase

responses of the coils as a function of radius of curvature and (c) corresponding

simulation results (d) Measured and simulated changes in resonant frequency with

radius of curvature (e) Measured and simulated changes in Q factor with radius of

curvature.

[0063] FIG. 4. Experimental and simulation results for the electromagnetic

properties of mm-NFC devices with elliptical shapes, (a) Pictures of elliptical

mm-NFC devices with different eccentricities (i.e. ratios of major to minor axes, b/a).

(b) Measured phase responses of the coils as a function of eccentricity and (c)

corresponding simulation results (d) Measured and simulated changes in resonant

frequency with b/a. (e) Measured and simulated changes in Q factor with b/a.

[0064] FIG. 5. Experimental and simulation results of the mechanical

responses of flexible mm-NFC devices to applied strain, (a) Pictures of a

representative device mounted onto a soft silicon substrate that is undeformed



(center), stretched (left) and compressed (right) by application of force using a

mechanical stage (b) The bottom frames show corresponding FEA results of applied

stresses (c) Phase responses measured after different numbers of cycles of uniaxial

stretching (to 20%) / compressing (to 20%). (d) Plot of the energy release rate with

the diameter of mm-NFC device (e) Picture of a device mounted on the skin during

a pinching mode deformation (f) Simulated stress distributions near the device.

[0065] FIG. 6. Pictures of various points of integration of mm-NFC devices

on the body, each suggestive of a different application possibility, (a) Picture of

a device on the fingernail. Pictures of applications to unlock a (b) smartphone and

(c) computer (using a mouse) (d) Picture of a set of devices with integrated LEDs

mounted on the fingernails (e, f) Pictures of a device mounted on the skin behind

the ear, with integrated temperature sensing capabilities (inset) Picture of a device

that enables temperature sensing. Pictures of devices (g) on a tooth and (h)

submerged in water.

[0066] FIG. 7. The effective inductance of the coil of mm-NFC devices with

different bending radii of curvature to determine the shift of resonance frequency.

[0067] FIG. 8. (a) The return loss spectra for three mm-NFC dev ices (b) The

change of the phases of primary coil to analyze the size effect of the mm-NFC

device on the communication between the primary coil and mm-NFC device.

[0068] FIG. 9. The illustration of the primary coil and the mm-NFC device for

measurement. The mm-NFC device is located at the center of the primary coil at the

vertical distance of 2 mm.

[0069] Fig. 10 provides images and experimental results characterizing a

fingernail mounted silicon CMOS device. Bonding to the surface of fingernail is

provided by cyanoacrylate providing excellent adhesion. The plots provided

demonstrate good electronic performance achieved for a timeframe of about 2.5

months.

[0070] Fig. 11 provides images of fingernail authentication device designs. The

panel to the left shows a fingernail mounted system comprising NFC coils and NFC

chip components provided in a miniaturized format. The panel to the right shows a



fingernail mounted system further comprising an energy harvesting LED indicator

also provided in a miniaturized format.

[0071] Fig. 12 provides a summary of design information characterizing the

calculated Q factor for NFC fingernail mounted systems. As shown in this figure the

Q factor is dependent on a number of variables including the thickness and diameter

of the NFC coils. High Q factor is beneficial for communication with a mobile

electronic device, such as a cell phone.

[0072] Fig. 13 provides a plot of S21 (dBO) as a function of frequency for a series

of NFC fingernail mounted system designs. The S21 represents the power

transferred between the primary NFC coil from a Samsung cell phone and the

secondary NFC coil from the fingernail mounted NFC system. The distance between

the primary and secondary coils is set at 5 mm.

[0073] Fig. 14 shows a fingernail mounted NFC system for use in conjunction

with a mouse for authentication of a user to a computer.

[0074] Fig. 15 provides a summary of electromagnetic properties as a function of

the radius of curvature. These results demonstrate that the fingernail mounted NFC

systems operate at similar ranges regardless of fingernail curvature.

[0075] Fig. 16 provides an image of a 6" by 9" test panel comprising 252 NFC

systems of the invention for tissue mounting applications.

[0076] Fig. 17, A-F provides schematic diagrams of various tissue mounted

systems of the invention.

[0077] Fig. 18 provides a schematic illustration of a tissue mounted NFC device

mounted on the fingernail for authentication in connection with use of a firearm.

[0078] Fig. 19 provides a process flow diagram illustrating a method for making

devices of the invention.

[0079] Fig. 20 provides an illustration of the interface of a device of the present

invention with a mobile device, such as a mobile phone.



[0080] Fig. 2 1 provides a description of example applications of the present

devices in hospital and clinical settings.

[0081] Fig. 22 provides photographs and a device schematic (inset) of

ultraminiaturized, UV sensors of the invention.

[0082] Fig. 23 provides a schematic illustration of example applications of

devices of the invention for skin or nail mounted sensors of exposure in UV

phototherapy.

[0083] Fig. 24 provides a schematic illustration of example applications of

devices of the invention for phototherapy in the NICU.

[0084] Fig. 25 provides a schematic illustration of example applications of

devices of the invention for infectious disease compliance.

[0085] Fig. 26 provides a schematic illustration of example applications of

devices of the invention for infectious disease compliance.

[0086] Fig. 27 provides a schematic illustration of example applications of

devices of the invention for infectious disease compliance.

[0087] Fig. 28 provides a schematic illustration of example applications of

devices of the invention for pulse oximetry and colorimeter.

[0088] Fig. 29 provides a schematic illustration of example applications of

devices of the invention for pulse rate monitoring.

[0089] Fig. 30 provides a schematic illustration of example applications of

devices of the invention for oximetry.

[0090] Fig. 3 1 provides a schematic illustration a device of the invention for

fingernail oximetry.

[0091] Fig. 32 provides a schematic illustration a device of the invention

employing deployment via a pull tab configuration.

[0092] Fig. 33 provides a schematic illustration of example applications of

devices of the invention for authentication.



[0093] Fig. 34 provides a schematic illustration of example applications of

devices of the invention

DETAILED DESCRIPTION OF THE INVENTION

[0094] In general, the terms and phrases used herein have their art-recognized

meaning, which can be found by reference to standard texts, journal references and

contexts known to those skilled in the art. The following definitions are provided to

clarify their specific use in the context of the invention.

[0095] The terms "flexible" and "bendable" are used synonymously in the present

description and refer to the ability of a material, structure, device or device

component to be deformed into a curved or bent shape without undergoing a

transformation that introduces significant strain, such as strain characterizing the

failure point of a material, structure, device or device component. In an exemplary

embodiment, a flexible material, structure, device or device component may be

deformed into a curved shape without introducing strain larger than or equal to 5%,

for some applications larger than or equal to 1%, and for yet other applications larger

than or equal to 0.5% in strain-sensitive regions. A used herein, some, but not

necessarily all, flexible structures are also stretchable. A variety of properties

provide flexible structures (e.g., device components) of the invention, including

materials properties such as a low modulus, bending stiffness and flexural rigidity;

physical dimensions such as small average thickness (e.g., less than 100 microns,

optionally less than 10 microns and optionally less than 1 micron) and device

geometries such as thin film and mesh geometries.

[0096] The term "tissue" is used broadly to describe any types of material of

which animals or plants are made, for example, consisting of specialized cells and

their products. A used herein tissue may refer to cells corresponding to one or more

organs, such as cells that substantially carry out the same or complementary

functions. Tissue as referred to herein may correspond to animals, including human

and non-human animals (e.g., livestock, veterinary animals, etc.), and plants. Tissue

as referred to herein may correspond to living cells or dead cells which may include,

but are not limited to, the corpus unguis, (e.g., fingernail, toenail, claw hoof, horn,

etc.). Examples of tissues include skin, a fingernail, a toenail, a tooth, a bone, hair or

an ear lobe.



[0097] "Stretchable" refers to the ability of a material, structure, device or device

component to be strained without undergoing fracture. In an exemplary

embodiment, a stretchable material, structure, device or device component may

undergo strain larger than 0.5% without fracturing, for some applications strain larger

than 1% without fracturing and for yet other applications strain larger than 3%

without fracturing. As used herein, many stretchable structures are also flexible.

Some stretchable structures (e.g., device components) are engineered to be able to

undergo compression, elongation and/or twisting so as to be able to deform without

fracturing. Stretchable structures include thin film structures comprising stretchable

materials, such as elastomers; bent structures capable of elongation, compression

and/or twisting motion; and structures having an island - bridge geometry.

Stretchable device components include structures having stretchable interconnects,

such as stretchable electrical interconnects.

[0098] "Functional layer" refers to a device-containing layer that imparts some

functionality to the device. For example, the functional layer may be a thin film such

as a semiconductor layer. Alternatively, the functional layer may comprise multiple

layers, such as multiple semiconductor layers separated by support layers. The

functional layer may comprise a plurality of patterned elements, such as

interconnects running between device-receiving pads or islands. The functional

layer may be heterogeneous or may have one or more properties that are

inhomogeneous. "Inhomogeneous property" refers to a physical parameter that can

spatially vary, thereby effecting the position of the neutral mechanical surface (NMS)

within the multilayer device.

[0099] "Semiconductor" refers to any material that is an insulator at a low

temperature, but which has an appreciable electrical conductivity at temperatures of

approximately 300 Kelvin. In the present description, use of the term semiconductor

is intended to be consistent with use of this term in the art of microelectronics and

electronic devices. Useful semiconductors include those comprising element

semiconductors, such as silicon, germanium and diamond, and compound

semiconductors, such as group IV compound semiconductors such as SiC and

SiGe, group lll-V semiconductors such as AlSb, AIAs, Aln, AIP, BN, GaSb, GaAs,

GaN, GaP, InSb, InAs, InN, and InP, group lll-V ternary semiconductors alloys, such



as AlxGai- xAs, group ll-VI semiconductors, such as CsSe, CdS, CdTe, ZnO, ZnSe,

ZnS, and ZnTe, group l-VII semiconductors, such as CuCI, group IV - V I

semiconductors, such as PbS, PbTe and SnS, layer semiconductors, such as Pbl2,

M0S2 and GaSe, and oxide semiconductors, such as CuO and CU2O. The term

semiconductor includes intrinsic semiconductors and extrinsic semiconductors that

are doped with one or more selected materials, including semiconductors having p-

type doping materials and n-type doping materials, to provide beneficial electronic

properties useful for a given application or device. The term semiconductor includes

composite materials comprising a mixture of semiconductors and/or dopants.

Specific semiconductor materials useful for some embodiments include, but are not

limited to, Si, Ge, SiC, AIP, AIAs, AlSb, GaN, GaP, GaAs, GaSb, InP, InAs, GaSb,

InP, InAs, InSb, ZnO, ZnSe, ZnTe, CdS, CdSe, ZnSe, ZnTe, CdS, CdSe, CdTe,

HgS, PbS, PbSe, PbTe, AIGaAs, AllnAs, AllnP, GaAsP, GalnAs, GalnP, AIGaAsSb,

AIGalnP, and GalnAsP. Porous silicon semiconductor materials are useful for

applications of aspects described herein in the field of sensors and light emitting

materials, such as light emitting diodes (LEDs) and solid state lasers. Impurities of

semiconductor materials are atoms, elements, ions and/or molecules other than the

semiconductor material(s) themselves or any dopants provided to the semiconductor

material. Impurities are undesirable materials present in semiconductor materials,

which may negatively impact the electronic properties of semiconductor materials,

and include but are not limited to oxygen, carbon, and metals including heavy

metals. Heavy metal impurities include, but are not limited to, the group of elements

between copper and lead on the periodic table, calcium, sodium, and all ions,

compounds and/or complexes thereof.

[0100] "Coincident" refers to the relative position of two or more objects, planes or

surfaces, for example a surface such as a neutral mechanical surface (NMS) or

neutral mechanical plane (NMP) that is positioned within or is adjacent to a layer,

such as a functional layer, substrate layer, or other layer. In an embodiment, a NMS

or NMP is positioned to correspond to the most strain-sensitive layer or material

within the layer. "Proximate" refers to the relative position of two or more objects,

planes or surfaces, for example a NMS or NMP that closely follows the position of a

layer, such as a functional layer, substrate layer, or other layer while still providing

desired flexibility or stretchability without an adverse impact on the strain-sensitive



material physical properties. In general, a layer having a high strain sensitivity, and

consequently being prone to being the first layer to fracture, is located in the

functional layer, such as a functional layer containing a relatively brittle

semiconductor or other strain-sensitive device element. A NMS or NMP that is

proximate to a layer need not be constrained within that layer, but may be positioned

proximate or sufficiently near to provide a functional benefit of reducing the strain on

the strain-sensitive device element when the device is folded.

[0101] In this aspect, "strain-sensitive" refers to a material that fractures or is

otherwise impaired in response to a relatively low level of strain. In an aspect, the

NMS is coincident or proximate to a functional layer. In an aspect the NMS is

coincident to a functional layer, referring to at least a portion of the NMS located

within the functional layer that contains a strain-sensitive material for all lateral

locations along the NMS. In an aspect, the NMS is proximate to a functional layer,

wherein although the NMS may not be coincident with the functional layer, the

position of the NMS provides a mechanical benefit to the functional layer, such as

substantially lowering the strain that would otherwise be exerted on the functional

layer but for the position of the NMS. For example, the position of a proximate NMS

is optionally defined as the distance from the strain-sensitive material that provides

an at least 10%, 20%, 50% or 75% reduction in strain in the strain-sensitive material

for a given folded configuration, such as a device being folded so that the radius of

curvature is on the order of the millimeter or centimeter scale. In another aspect, the

position of a proximate NMS can be defined in absolute terms such as a distance

from the strain-sensitive material, such as less than several mm, less than 2 mm,

less than 10 µι , less than 1 µι , or less than 100 nm. In another aspect, the

position of a proximate layer is defined relative to the layer that is adjacent to the

strain-sensitive material, such as within 50%, 25% or 10% of the layer closest to the

strain-sensitive-containing layer. In an aspect, the proximate NMS is contained

within a layer that is adjacent to the functional layer.

[0102] A "component" is used broadly to refer to an individual part of a device.

[0103] "Sensing" refers to detecting the presence, absence, amount, magnitude or

intensity of a physical and/or chemical property. Useful device components for

sensing include, but are not limited to electrode elements, chemical or biological



sensor elements, pH sensors, temperature sensors, strain sensors, mechanical

sensors, position sensors, optical sensors and capacitive sensors.

[0104] "Actuating" refers to stimulating, controlling, or otherwise affecting a

structure, material or device component. Useful device components for actuating

include, but are not limited to, electrode elements, electromagnetic radiation emitting

elements, light emitting diodes, lasers, magnetic elements, acoustic elements,

piezoelectric elements, chemical elements, biological elements, and heating

elements.

[0105] The terms "directly and indirectly" describe the actions or physical positions

of one component relative to another component. For example, a component that

"directly" acts upon or touches another component does so without intervention from

an intermediary. Contrarily, a component that "indirectly" acts upon or touches

another component does so through an intermediary (e.g., a third component).

[0106] "Encapsulate" refers to the orientation of one structure such that it is at least

partially, and in some cases completely, surrounded by one or more other structures,

such as a substrate, adhesive layer or encapsulating layer. "Partially encapsulated"

refers to the orientation of one structure such that it is partially surrounded by one or

more other structures, for example, wherein 30%, or optionally 50%, or optionally

90% of the external surface of the structure is surrounded by one or more structures.

"Completely encapsulated" refers to the orientation of one structure such that it is

completely surrounded by one or more other structures.

[0107] "Dielectric" refers to a non-conducting or insulating material.

[0108] "Polymer" refers to a macromolecule composed of repeating structural units

connected by covalent chemical bonds or the polymerization product of one or more

monomers, often characterized by a high molecular weight. The term polymer

includes homopolymers, or polymers consisting essentially of a single repeating

monomer subunit. The term polymer also includes copolymers, or polymers

consisting essentially of two or more monomer subunits, such as random, block,

alternating, segmented, grafted, tapered and other copolymers. Useful polymers

include organic polymers or inorganic polymers that may be in amorphous, semi-

amorphous, crystalline or partially crystalline states. Crosslinked polymers having



linked monomer chains are particularly useful for some applications. Polymers

useable in the methods, devices and components include, but are not limited to,

plastics, elastomers, thermoplastic elastomers, elastoplastics, thermoplastics and

acrylates. Exemplary polymers include, but are not limited to, acetal polymers,

biodegradable polymers, cellulosic polymers, fluoropolymers, nylons,

polyacrylonitrile polymers, polyamide-imide polymers, polyimides, polyarylates,

polybenzimidazole, polybutylene, polycarbonate, polyesters, polyetherimide,

polyethylene, polyethylene copolymers and modified polyethylenes, polyketones,

poly(methyl methacrylate), polymethylpentene, polyphenylene oxides and

polyphenylene sulfides, polyphthalamide, polypropylene, polyurethanes, styrenic

resins, sulfone-based resins, vinyl-based resins, rubber (including natural rubber,

styrene-butadiene, polybutadiene, neoprene, ethylene-propylene, butyl, nitrile,

silicones), acrylic, nylon, polycarbonate, polyester, polyethylene, polypropylene,

polystyrene, polyvinyl chloride, polyolefin or any combinations of these.

[0109] "Elastomer" refers to a polymeric material which can be stretched or

deformed and returned to its original shape without substantial permanent

deformation. Elastomers commonly undergo substantially elastic deformations.

Useful elastomers include those comprising polymers, copolymers, composite

materials or mixtures of polymers and copolymers. Elastomeric layer refers to a

layer comprising at least one elastomer. Elastomeric layers may also include

dopants and other non-elastomeric materials. Useful elastomers include, but are not

limited to, thermoplastic elastomers, styrenic materials, olefinic materials, polyolefin,

polyurethane thermoplastic elastomers, polyamides, synthetic rubbers, PDMS,

polybutadiene, polyisobutylene, poly(styrene-butadiene-styrene), polyurethanes,

polychloroprene and silicones. Exemplary elastomers include, but are not limited to

silicon containing polymers such as polysiloxanes including poly(dimethyl siloxane)

(i.e. PDMS and h-PDMS), poly(methyl siloxane), partially alkylated poly(methyl

siloxane), poly(alkyl methyl siloxane) and poly(phenyl methyl siloxane), silicon

modified elastomers, thermoplastic elastomers, styrenic materials, olefinic materials,

polyolefin, polyurethane thermoplastic elastomers, polyamides, synthetic rubbers,

polyisobutylene, poly(styrene-butadiene-styrene), polyurethanes, polychloroprene

and silicones. In an embodiment, a polymer is an elastomer.



[01 10] "Conformable" refers to a device, material or substrate which has a bending

stiffness that is sufficiently low to allow the device, material or substrate to adopt a

contour profile desired for a specific application, for example a contour profile

allowing for conformal contact with a surface having a non-planar geometry such as

a surface with relief features or a dynamic surface (e.g. changes with respect to

time). In certain embodiments, a desired contour profile is that of a finger nail, skin,

tooth, toe nail or ear lobe.

[01 11] "Conformal contact" refers to contact established between a device and a

receiving surface. In one aspect, conformal contact involves a macroscopic

adaptation of one or more surfaces (e.g., contact surfaces) of a device to the overall

shape of a surface. In another aspect, conformal contact involves a microscopic

adaptation of one or more surfaces (e.g., contact surfaces) of a device to a surface

resulting in an intimate contact substantially free of voids. In an embodiment,

conformal contact involves adaptation of a contact surface(s) of the device to a

receiving surface(s) such that intimate contact is achieved, for example, wherein less

than 20% of the surface area of a contact surface of the device does not physically

contact the receiving surface, or optionally less than 10% of a contact surface of the

device does not physically contact the receiving surface, or optionally less than 5%

of a contact surface of the device does not physically contact the receiving surface.

[01 12] "Young's modulus" or "modulus" are used interchangeably and refer to a

mechanical property of a material, device or layer which refers to the ratio of stress

to strain for a given substance. Young's modulus may be provided by the

expression:

where E is Young's modulus, Lo is the equilibrium length, A L is the length change

under the applied stress, is the force applied, and A is the area over which the

force is applied. Young's modulus may also be expressed in terms of Lame

constants via the equation:
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where λ and µ are Lame constants. High Young's modulus (or "high modulus") and

low Young's modulus (or "low modulus") are relative descriptors of the magnitude of

Young's modulus in a given material, layer or device. In some embodiments, a high

Young's modulus is larger than a low Young's modulus, preferably about 10 times

larger for some applications, more preferably about 100 times larger for other

applications, and even more preferably about 1000 times larger for yet other

applications. In an embodiment, a low modulus layer has a Young's modulus less

than 100 MPa, optionally less than 10 MPa, and optionally a Young's modulus

selected from the range of 0.1 MPa to 50 MPa. In an embodiment, a high modulus

layer has a Young's modulus greater than 100 MPa, optionally greater than 10 GPa,

and optionally a Young's modulus selected from the range of 1 GPa to 100 GPa. In

an embodiment, a device of the invention has one or more components having a low

Young's modulus. In an embodiment, a device of the invention has an overall low

Young's modulus.

[01 13] "Low modulus" refers to materials having a Young's modulus less than or

equal to 10 MPa, less than or equal to 20 MPa or less than or equal to 1 MPa.

[01 14] "Bending stiffness" is a mechanical property of a material, device or layer

describing the resistance of the material, device or layer to an applied bending

movement. Generally, bending stiffness is defined as the product of the modulus

and area moment of inertia of the material, device or layer. A material having an

inhomogeneous bending stiffness may optionally be described in terms of a "bulk" or

"average" bending stiffness for the entire layer of material.

[01 15] "Lateral dimensions" refer to physical dimensions of a structure such as a

tissue mounted electronic system or component thereof. For example, lateral

dimensions may refer to one or more physical dimensions oriented orthogonal to

axes extending along the thickness of a structure, such as the length, the width, the

radius or the diameter of the structure. Lateral dimensions are useful for

characterizing the area of an electronic system or component thereof, such as

characterizing the lateral area footprint of a system corresponding to a two



dimensional area in a plane or a surface positioned orthogonal to axes extending

along the thickness of the structure.

[01 16] Figure 1A provides a top plan view and Figure 1B provides a side exploded

view of a tissue mounted system comprising a fingernail mounted NFC device. The

device of this embodiment supports wearable electronic applications compatible with

communication with cellular phones, and other NFC enabled communication

platforms. A broad range of near field communication applications is supported by

the present systems including password authentication, electronic transactions,

biosensing, and motion recognition.

[01 17] As shown in Figures 1A and 1B, the fingernail mounted NFC device

comprises a multilayer structure including electronically and/or optically functional

layers and structural and/or electrically insulated layers. The device of this

embodiment has miniaturized overall dimensions on the millimeter scale. As shown

in Figure 1B the functional layers comprise a pair of copper NFC indication coils and

LED and NFC chip components. The coils are a characterized by radii greater than

approximately 5 mm and thicknesses of approximately 20 microns. The LED and

NFC chip components are characterized by thicknesses of approximately 100

microns. As shown in Figure 1, the NFC chip component electrically connects to the

coils via contacts located near center regions of the coils.

[01 18] As shown in Figure 1B, the NFC device further includes structural and/or

electrically insulated layers comprising polyimide coatings that are positioned to

physically encapsulate the copper coils and an adhesive, such as a low modulus

acrylic, serving as the substrate. In some embodiments, for example, a thin silicone

elastomer (e.g., less than 100 microns) is provided to encapsulate the system. In

some embodiments, structural and/or electrically insulated layers (e.g. polyimide

coatings, adhesive, etc.) have thicknesses and positions placing functional device

elements, e.g., the coils or chips, coincident with or proximate to the neutral

mechanical surface of the device.

[01 19] In the example shown in Figures 1A and 1B, mounting on the external

surface of fingernail is provided. In these embodiments, the system may have

overall physical properties providing overall flexibility sufficient to achieve



mechanically robust and conformal contact with the curvilinear surface of the

fingernail. Systems of the invention are also compatible with mounting on a variety

of tissue surfaces including external tissues such as the tooth, toenail, ear lobe, hair

and skin. Mounting on the fingernail, however, provides certain benefits useful for

some applications including very stable and mechanically robust mounting for time

periods greater than 6 months with a low risk for discomfort or delamination. The

example systems shown in Figures 1A and 1B also provide a platform compatible

with multifunctional implementation wherein additional electronic and/or photonic

systems are integrated into the system. The example systems shown in Figures 1A

and 1B are also compatible with overall device designs for preventing removal

and/or re-use, for example, by providing for loss of functionality and/or destruction

upon attempted removal.

[0120] Example 1

Abstract

[0121] This Example introduces a class of thin, lightweight, flexible near field

communication (NFC) devices with ultraminiaturized format, and presents systematic

investigations of the mechanics, radio frequency characteristics and materials

aspects associated with their optimized construction. These systems allow

advantages in mechanical strength, placement versatility, and minimized interfacial

stresses compared to other NFC technologies and wearable electronics. Detailed

experimental studies and theoretical modeling of the mechanical and

electromagnetic properties of these systems establish understanding of the key

design considerations. These concepts can apply to many other types of wireless

communication systems including bio-sensors and electronic implants.

Introduction

[0122] Wearable electronic technologies form the foundation for a rapidly growing

consumer device segment. Projections suggest that over $ 100 billion will be spent in

materials alone over the coming decade in the pursuit of new wearable devices' 1 1.

Advances in materials and device architectures for these systems will create

opportunities for increasing the range of capabilities, expanding the modes of use,

improving the robustness/reliability, reducing the size/weight and lowering the cost.

The cellular phone platform will likely remain a key element in the broader



technology landscape, as in currently available wrist band and watch style devices

that measure body processes and communicate data to the phone'2,31 . Recent

research demonstrates much different types of integration strategies compared to

those of these existing systems, in which the wearable devices take the form of

temporary transfer tattoos. The result is greatly improved contact with the body and

corresponding increases in the diversity and accuracy of information that can be

collected from integrated sensors' 2,4,51 . Here, an overarching goal is to engineer the

physical properties, and in particular the elastic modulus and elastic stretchability, to

match those of the epidermis, as a way to reduce irritation and discomfort at the skin

interface and to improve the robustness of the bonding'2,4,61 . In this Example, we

present a complementary strategy, in which overall size miniaturization serves as an

additional, and sometimes primary, means for minimizing physical effects on the

skin. This scheme also expands the options in mounting locations, to include areas

such as the fingernails and the teeth, where mechanical compliance is not always

required and where mounting times can extend to several months, or more. In

particular, we introduce thin, lightweight, flexible near field communication (NFC)

devices in ultraminiaturized formats, along with systematic studies of the mechanics

and materials aspects associated with their optimized construction. The potential

applications include password authentication' 7 1, electronic transactions' 8 1 and

biometric sensing' 9 1, each performed via wireless power and communication to

cellular phones or other NFC enabled platforms. Such devices consume nearly one

hundred times less area than conventional wrist-worn NFC devices and they are

100 and 10,000 times thinner and lighter in weight, respectively. The areas are

also nearly ten times smaller than those of recently reported NFC devices with

epidermal construction' 2 1 and are, to our knowledge, the smallest to be explored for

integration on the surface of the human body. Rigid, capsule-shaped NFC devices

with volumes 10 times larger than those of the devices reported here are available

for implantation into the human body'101 . Open architecture designs provide a high

tolerance to deformation and physical stresses when mounted on soft surfaces such

as the epidermis. Experimental measurements of the mechanical and

electromagnetic properties compare favorably to theoretical modeling results.

Device operation using standard NFC enabled consumer electronics demonstrate

the capabilities in evaluations that are supportive of a range of applications.



Results and Discussion

[0123] FIG. 2 summarizes the layered, open architecture designs of these

ultraminiaturized, or millimeter-scale, NFC (mm-NFC) devices. FIG. 2a, b shows

optical microscope images of mm-NFC devices with diameters of 5.8 mm and 7.04

mm. For both cases, each of the coils in the dual-coil layout consist of copper traces

with 9 turns ( 18 µι thick), to enable high Q factors and resonance frequencies near

14 MHz. These platforms exploit thinned NFC die selected from a range of

commercially available components. The experiments reported here use NTAG216

(NXP semiconductor) and M24LR04E (ST Microelectronics) chips with the 5.8 mm

and 7.04 mm diameter coils, respectively. The devices incorporate polyimide

coatings above and below each layer to physically encapsulate the copper traces

and place them near the neutral mechanical plane to minimize bending induced

strains (FIG. 2d, e). The NFC dies connect via a modified flip-chip technique to

contacts located near the center regions of the coils. Certain device variants also

include small-scale light emitting diodes (LEDs, 0402 size: 1 mm x 0.5 mm). Here,

energy harvested and rectified during communication within NFC ISO protocols

enables operation of the LEDs and the NFC chips simultaneously. In all cases, a

thin silicone elastomer (~ 25 µι ) encapsulates the system, and a low modulus

acrylic adhesive (-25 µι ) serves as the substrate. The ultraminiaturized, thin,

lightweight construction provides wide ranging options for mounting on the human

body, including locations where long-term integration is possible and where

interfaces to both the body and an external device are easily established.

[0124] The fingernails and toenails provide examples. By comparison to the skin,

the nails are hard, physically static and they lack sensory capacity, thereby providing

a minimally invasive interface for robust, long-term integration. The growth cycle

from the quick to the end of the nail can exceed 6 months, thereby allowing

integration for several months' 111 . Such timeframes greatly exceed those associated

with mounting on the skin, where the cycle for skin cell differentiation and exfoliation

occurs on the timescale of a few weeks. The fingernails of adults have radii of

curvature that range from 13 mm to 5 mm, depending on age, sex, overall body

size, and finger' 121 . Properly designed devices can accommodate bending

associated with mounting on such surfaces, without significant change in operating

characteristics. FIG. 3 shows the electromagnetic properties of mm-NFC devices at



bending curvatures relevant to the fingernail. These evaluations use the largest

device (7.04 mm coil diameter) because this format involves the most significant

change at any given curvature. In all cases, resonance frequencies measured by

the Min-phase method' 131 match those determined by electromagnetic simulations

(Ansys HFSS 13 User's guide, Ansys Inc. 201 1) . Typically, the frequencies increase

with bending radii due to decreases in the projected areas and the associated

inductances. The magnetic flux through the coil of the mm-NFC device is Φ =

B dS, where B is magnetic field produced by the primary coil and S is the

corresponding in-plane area enclosed by the coil of the mm-NFC device. For a large

commercial primary coil (Samsung Galaxy Note II), the magnetic field B remains

essentially the same when the small mm-NFC devices are bent, such that the

magnetic flux Φ depends only on the effective area of the coil of the mm-NFC

device. The change of effective area S is ( ?)2/32, where is the inner diameter of

the mm-NFC device and R is the radius of curvature. For the mm-NFC device with

7.04 mm outer diameter d = 5 mm as in experiments and R > 5 mm for the adult

human fingernails, the effective area S only decreases by -3.1 % for R = 5 mm. The

magnetic flux therefore also remains unchanged when the mm-NFC devices are

mounted onto the fingernails, as confirmed by FIG. 3a. The resonance frequency

can be obtained from f resonant = 1/'(2π /'L f resonant, R)C ) , where C is the

capacitance of the NFC die, and the effective inductance L of the coil of the mm-NFC

device depends on the frequency /and radius of curvature R as shown in FIG. 7 .

The maximum difference between the effective inductance for a planar coil and one

with a radius of curvature of 5 mm is only -3% as shown in FIG. 7 . By consequence,

the resonance frequencies and the Q factors remain 14 MHz and 15 , respectively,

for a bending radius R > 5 mm. Changes can be observed when R becomes

significantly smaller than 5 mm, as shown in FIG. 3d, e.

[0125] The electromagnetic coupling between a primary coil and an mm-NFC

device depends strongly on size, as expected from the expression for magnetic flux.

Three mm-NFC devices with different radii given in Table 1 are studied, where the

number of turns and layers are adjusted to offer the same inductances, i.e., these

mm-NFC devices have the same resonant frequency and Q factor as shown in Table

1 and return loss spectra as shown in FIG. 8a. As the size of mm-NFC device

decreases, the amplitude of phase decreases rapidly as shown in FIG. 8b, which



suggests that the communication between the primary coil and mm-NFC device

weakens significantly as the coil size of an mm-NFC device decreases.

Table 1. Three mm-NFC devices with different radii

Diameter Resonant Inductance
Layers Turns/layer Q factor at f

(mm) frequency f a fQ( i \)

CoiM 7.76 2 8 13.88 MHz 4.76 13.9

Coil 2 7.04 2 9 13.72 MHz 4.87 13.4

Coil 3 4 4 8 13.93 MHz 4.73 12.3

[0126] The nature of fingernail growth affords increased mounting times for mm-

NFC devices that adopt elliptical shapes with major axes oriented parallel to the

base of the nail. FIG. 4 shows the results for mm-NFC devices with such shapes

and with areas similar to those of circular designs ( F ) , for several different aspect

ratios b/a = 1.21 , 1.44, and 1.69, with the major axes a and b shown in FIG. 4c. The

resonance frequency and the amplitude of the phase decrease only slightly as the

aspect ratio b/a increases as shown in FIG. 4b, c . As a result, the resonance

frequencies and the Q factors remain essentially unchanged, i.e. 14 MHz and 15 ,

respectively, for this range of aspect ratios (FIG. 4d, e).

[0127] Flexible mm-NFC devices also offer advantages for mounting on the skin.

Here, the small sizes minimize sensory perception and reduce energy release rates

for delamination. FIG. 5a shows images of a device with 7.04 mm outer diameter

printed onto a low modulus substrate (PDMS, 20 mm length in stretching direction,

25 mm width, 3 mm thick, 0.145 MPa modulus) in various deformed states, including

tests that involve stretching to 20 % and compressing to 20 %, repeatedly. Even

after 10,000 cycles, the device shows no form of degradation in properties (FIG. 5c).

FIG. 5b presents the stress distributions at the interface between the substrate and

mm-NFC device obtained from finite element analysis (ABAQUS Analysis User's

Manual 201 0 , V6.1 0). For both stretching and compressing, the normal stress is

negligibly small as compared to the shear stress at the interface; the latter is smaller

than the threshold (20 kPa) [141 for somatosensory perception of forces by normal skin

under 20% stretching. For compressing by 20%, which is larger than that expected



in most practical applications, the shear stress exceeds the threshold 20 kPa over a

small region (~ 4 mm2) of the interface. The energy release rate' 151 for an

infinitesimal crack at the edge is G = s b£ pp i tan — , where D is the diameter of
- v su 2 0 '

the mm-NFC device, L is the length of substrate in the stretching direction, app is

the average strain in the substrate, and Es and vsub are the Young's modulus and

Poisson's ratio of the substrate, respectively. As shown in FIG. 5d, the energy

release rate clearly decreases with the coil diameter D, and becomes linear with

respect to for small mm-NFC devices, i.e. G = " " This scaling affords
( _ sub)

advantages in the reduced possibility for delamination of mm-NFC devices from the

skin. FIG. 5e, f show the picture of a device mounted on the skin during a pinching

mode deformation and the stress distributions at the interface from finite element

analysis, respectively. The device is fully bonded with the skin even when the skin is

subjected to severe wrinkle. Minimizing the size maximizes the robustness of the

device/skin bonding interface for any given adhesive strategy and device

construction.

[0128] FIG. 6 presents images of devices mounted on various locations of the

body, each suggestive of a possible application. FIG. 6a shows an mm-NFC device

on the fingernail, such that, for example, natural motions associated with handling

the phone could unlock its operation, as shown in FIG. 6b. This type of

authentication could be useful in many contexts (FIG. 6c). Multiple devices with

different purposes can easily be accommodated in one convenient area (FIG. 6d).

Certain NFC die (SL1 3A, AMS AG) offer integrated capabilities in temperature

sensing and other functionality. The inset of FIG. 6e shows an mm-NFC device for

temperature sensing. In this case, a skin-integrated configuration could be useful

(FIG. 6e, f). The devices can also function properly on teeth and under water (FIG.

6g, h), thereby supporting modes for chemical sensing in biofluids.

Conclusion

[0129] The materials, device designs and integration strategies presented here

provide a framework for mm-scale, flexible, body-worn NFC systems, with potential

applications in password authentication, electronic transactions and biometric

sensing. The ultraminiaturized geometries and mechanically flexible designs, in



particular, afford advantages in mechanical strength, placement versatility, and

minimized interfacial stresses. Combined theoretical and experimental

considerations in materials, electromagnetic characteristics and mechanical

properties are essential to proper design. These concepts can apply to many other

types of wireless communication systems including various bio-sensors and

electronic implants.

Experimental Section

[0130] Fabrication of the coils: A Cu foil ( 18 µι thick, Oak Mitsui Micro-thin

series) served as the material for the first coil layer. A layer of polyimide (2.4 µι

thick, PI2545, HD Microsystems) spin-cast at 2000 rpm for 30 s , baked on a hot

plated at 150 °C for 5 min, and in a vacuum oven at 250 °C for 70 min formed an

insulating coating. Laminating this Pl-coated Cu foil onto a glass slide coated with

polydimethylsiloxane (PDMS, Sylgard 184), with the P I side down, allowed

patterning of the Cu into a coil geometry by photolithography (AZ 4620 photo-resist,

spin-casting at 3000 rpm for 30 s , baking at 110 °C for 3 mins, UV irradiance for 300

mJ/cm2, development for -40 s with developer AZ 400K/deionized water solution of

1:2 volume ratio) and wet etching (CE-1 00 copper etchant, Transense, etching for ~

10 mins with frequent rinsing by water). A coating of P I spin-cast at 1000 rpm for 30

s covered the first coil layer. Photolithography (AZ 4620) and oxygen plasma etching

created via holes through the PI. Oxide remover (Flux, Worthington) eliminated the

native copper oxide at the base of via holes. Electron beam evaporation formed a

conducting layer (500 nm thick) for electroplating. Next, electroplating ( 1 1wt% cupric

sulfate pentahydrate in water, current of 13 mA/cm2 for 55 mins, distance between

positive electrode and negative electrode of 1.7 cm) generated a second coil in a 20

µι thick layer of Cu, also patterned by photolithography (AZ 4620) and wet etching

(copper etchant). Spin casting formed another 2.4 µι thick layer of P I over the entire

coil structure. Electron beam evaporation of a 50 nm thick layer of S1O2 created a

hard mask in a geometry defined by photolithography (AZ 4620) and RIE etching (50

mTorr, 40 seem CF4, 100 W for 10 min). Oxygen plasma removed the exposed PI,

leaving P I only in the regions of the coil, for an open architecture design that

improves the mechanical deformability.



[0131] NFC die: The NTAG21 6 (NXP Semiconductor, ISO/IEC 14443, input

capacitance of 50 pF) chip served as the electronics for the smallest device. The

M24LR04E (ST Microelectronics, ISO/IEC 15693, input capacitance of 27.5 pF) chip

was used for the energy harvesting device. The SL1 3A (AMS AG, ISO/IEC 15693,

input capacitance of 25 pF) chip enabled the temperature sensing device. All chips

were thinned (<1 00 µι thick) and used as bare die without packages.

[01 32] Transfer and chips assembly. A cellulose-based water-soluble tape

(Grainger) allowed retrieval of the fabricated coils from the substrate and integration

onto an adhesive substrate. Removal of the water-soluble tape by dissolution in

water completed the transfer. Thinned NFC die and LEDs attached to the coil by a

modified flip-chip bonding method with an Indium/Ag based solder paste (Ind. 290,

Indium Corporation; ~ 165 °C for 2 min in a reflow oven). A droplet of silicone

elastomer (Q1 -401 0 , Dow corning) encapsulated the chips.

[0133] Electromagnetic characterization. Electromagnetic characterization

used an impedance analyzer (4291 A RF impedance/material analyzer, Hewlett

Packard) with a commercial primary coil (Samsung Galaxy Note II; resonant

frequency -47.5 MHz) over a frequency range of 5 to 20 MHz. The Min-phase

method defined the resonance frequencies of the NFC devices. Measurements

involved placement of the device at the center of the primary coil at a vertical

distance of 2 mm, as shown FIG. 9 .
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Example 2 - Fingernail Mounted NFC Device for Password Authentication

[0134] The invention provides, for example, a fingernail mounted near field

communication (NFC) device providing a unique solution for password authentication

in the electronic hardware industry. The materials, design, and circuit integration

enable the art of biocompatible NFC technology. The built-in NFC technology serves

as a digital replacement for passwords, pin numbers, security questions, distinct

biometrics, and/or text/email verification dealings. The fingernail-mounted device of

this embodiment is able to wirelessly communicate with point of access readers that

use NFC antennas. The point of access readers include but are not limited to

smartphones, laptops, keyboards, computer mice, remote controls, safes, and/or

locks. Instead of recalling passwords, fingerprint touch pads, or safe combinations,

authorized fingernail-mounted device users are granted instant access to their

electronics and/or safe belongings without producing security passcodes.

[0135] In some embodiments, for example, the invention has a devoted chip that

stores an encrypted identification number that is unique to each individual device. In

addition, the chip has action-specific security codes that change after each point of

authorization. The encrypted identification numbers grant access to authorized

users. For instance, the authorized user goes straight to his or her home screen

once the reader detects the invented hardware. If the encrypted identification

numbers do not appropriately match, the foreign user is denied access.

[0136] For privacy, individual users are not at risk of exposing their personal

information, passwords, pins, biometrics, and/or access restrictions to by-standers.

Customers do not have to waste time typing passwords or pins to gain access to

their personal electronics. Fingernail mounted devices are waterproof and remain

operational for several days or months. The invention is able to work in conjunction



with mobile phone or computer applications developed specifically for authentication

purposes. If removed from the nail or tissue, the invented device is permanently

disabled andall private information is destroyed.

[0137] Figure 10 provides images and experimental results characterizing a

fingernail mounted silicon CMOS device. Bonding to the surface of fingernail is

provided by cyanoacrylate providing excellent adhesion. The plots provided

demonstrate good electronic performance achieved for a timeframe of about 2.5

months.

[0138] Figure 11 provides images of fingernail authentication device designs.

The panel to the left shows a fingernail mounted system comprising NFC coils and

NFC chip components provided in a miniaturized format. The panel to the right

shows a fingernail mounted system further comprising an energy harvesting LED

indicator also provided in a miniaturized format.

[01 39] Figure 12 provides a summary of design information characterizing the

calculated Q factor for NFC fingernail mounted systems. As shown in this figure the

Q factor is dependent on a number of variables including the thickness and diameter

of the NFC coils. High Q factor is beneficial for communication with a mobile

electronic device, such as a cell phone.

[0140] Figure 13 provides a plot of S21 (dBO) as a function of frequency for a

series of NFC fingernail mounted system designs. The S21 represents the power

transferred between the primary NFC coil from a Samsung cell phone and the

secondary NFC coil from the fingernail mounted NFC system. The distance between

the primary and secondary coils is set at 5 mm.

[0141] Figure 14 shows a fingernail mounted NFC system for use in conjunction

with a mouse for authentication of a usertoacomputer.

[0142] Figure 15 provides a summary of electromagnetic properties as afunction

of the radius of curvature. These results demonstrate that the fingernail mounted

NFC systems operate at similar ranges regardless of fingernail curvature.



[01 43] Figure 16 provides an image of a 6" by 9" test panel comprising 252 NFC

systems of the invention for tissue mounting applications.

[0144] Beneficial aspects of the present fingernail mounted systems of the

invention include:

· Ultrathin, flexible, open architecture (one-size-fits-all construction)

• Designs for stable operation under sharp bending

• Strategies for robust interface adhesion

• Designs to prevent removal and re-use

• Materials for operation under extreme conditions

· Configurations for flexibility in mounting locations

• Layouts for options in graphics overlays

• Coils for operation of multiple devices

Example 3 -- Fingernail Mounted NFC Device for Electronic Payments

[0145] The invention provides, for example, fingernail mounted near field

communication (NFC) devices providing a unique platform for mobile payment and

digital wallet service providers. The materials, design, and circuit integration enable

the art of biocompatible NFC technology. In some embodiments, the built-in NFC

technology serves as a digital replacement for the magnetic strip found on the back

of all debit, credit, and prepaid gift cards. The fingernail-mounted device is able to

wirelessly communicate with point of sale readers that use NFCantennas. Instead of

exchanging cash, debit or credit cards, users have the ability to make secure in-store

purchases with a single touch or point. Additional payment schemes using the

fingernail-mounted device include device and pin, a combination of the devices, or a

combination of the device and a second method for authorization.

[0146] In an embodiment, for example, the invention has a devoted chip that

stores encrypted payment information that is unique to each individual device. In

addition, the chip has transaction-specific security codes that change after each

transaction. The encrypted payment information and varying security codes are used

to process each transaction at time of purchase. In some embodiments, the payment

information is never shared with merchants or stored on a server. In some



embodiments, all financial information is stored locally on the consumers' personal

mobile devices and/orcomputers.

[0147] In some embodiments, for privacy, the invented hardware does not save

any kind of transaction information. Individual consumers are not at risk of exposing

their name, card number, or security code to retailers or by-standers. Customers do

not have to carry their phones, credit cards, and/or cash in order to make electronic

payments. In some embodiments, devices are waterproof and remain operational for

several days or months. The systems of this aspect of the invention are able to work

in conjunction with mobile phone applications developed specifically for payment

transactions. In some embodiments, if removed from the nail or tissue, the invented

device is permanently disabled and all payment information is destroyed.

Example 4 - Fingernail Mounted NFC for Personal Identification/Authorization

[0148] The invention provides, for example, fingernail mounted near field

communication (NFC) devices providing a unique solution for personal identification

in the alcohol distribution, restaurant, bar, education, and/or health-care industries.

The materials, design, and circuit integration enable the art of biocompatible NFC

technology. In some embodiments, for example, the built-in NFC technology serves

as a digital replacement for drivers' licenses and school identification cards. The

fingernail-mounted devices of this aspect, for example, are able to wirelessly

communicate with point of access readers that use NFC antennas. Instead of

carrying personal identification cards, fingernail-mounted devices are able to serve

as proof of an individual's identification and/or store pertinent private information.

[0149] In an embodiment, for example, the invention has a devoted chip that

stores an encrypted identification number that is unique to each individual device. In

addition, the chip has action-specific security codes that change after each point of

entry. The encrypted identification numbers can serve as a valid form of

identification. For instance, "John Smith" (Adult Male Age: 45) uses his fingernail-

mounted device as proof that is he over the age of 2 1 to purchase alcohol.

[0150] In some embodiments, for privacy, individual users are not at risk of

exposing their name, age, and/or address. In some embodiments, the devices are

waterproof and remain operational for several days or months. The systems of this



aspect of the invention are able to work in conjunction with mobile phone applications

developed specifically for authentication purposes. In some embodiments, if removed

from the nail or tissue, the invented device is permanently disabled and all private

information is destroyed.

Example 5 -- Fingernail Mounted NFC for Key Access/Authentication

[0151] The invention provides, for example, fingernail mounted near field

communication (NFC) devices providing a unique solution for key access to places

of residence, offices, hotels, and/or safe industries. The materials, design, and circuit

integration enable the art of biocompatible NFC technology. In some embodiments,

for example, the built-in NFC technology serves as a digital replacement for all

physical keys. The fingernail-mounted devices of this aspect, for example, are able

to wirelessly communicate with point of access readers that use NFC antennas. The

point of access readers include but are not limited to door handles, windows,

counter-tops, lockers, safes, and/or automobiles. Instead of carrying around keys,

key cards, and/or wallets, authorized fingernail mounted device users are granted

access to specific areas, buildings, rooms, and/or automobiles.

[0152] In an embodiment, for example, the invention has a devoted chip that

stores an encrypted identification number that is unique to each individual device. In

addition, the chip has action-specific security codes that change after each point of

entry. Based off volunteered personal information, the encrypted identification

numbers have access to designated areas. For instance, the invented device is able

to unlock hotel room doors.

[0153] In some embodiments, for privacy, individual users are not at risk of

exposing their name, room number, and/or access restrictions to third-party retailers

or by- standers. Customers are not required to carry their cell phones, keys, and/or

identification cards to gain access authorization. In some embodiments, the devices

are waterproof and remain operational for several days or months. The systems of

this aspect of the invention are able to work in conjunction with mobile phone

applications developed specifically for authentication purposes. In some

embodiments, if removed from the nail or tissue, the invented device is permanently

disabled and all private information is destroyed.



Example 6 - Finger and Toenail Mounted NFC Device for Hospital

Monitoring/Tracking

[0154] The invention provides, for example, tissue mounted near field

communication (NFC) devices providing a unique service platform for monitoring and

tracking hospital patients. The materials, design, and circuit integration enable the art

of biocompatible NFC technology. In some embodiments, the built-in NFC

technology serves as a digital replacement for the hospital identification wristbands

and bio-sensing electrodes using copper wire leads. The fingernail-mounted devices

of this aspect are able to wirelessly communicate with point of access readers that

use NFC antennas. The point of access readers include but are not limited to

smartphones, doorhandles, windows, and/or counter-tops. The invented device

gives health-care professionals a way to electronically track and monitor admitted

hospital patients. The fingernail-mounted or tissue-mounted devices optionally

provide additional bio-sensing modalities that measure temperature, pH levels,

glucose, pulse-oximetry, heart rate, respiratory rate, blood pressure, ECG

(electrocardiography), EOG (electrooxulography), EEG (electroencephalography),

EMG (electromyography), PPG (photoplethysmogram), peripheral capillary oxygen

saturation (Sp02), bilirubin level and/or bili light intensity and dose.

[0155] In some embodiments, for privacy, the invention has a devoted chip that

stores an encrypted identification number that is unique to each individual device. In

addition, the chip has action-specific security codes that change constantly. The

encrypted device number helps keep patient health-care information private.

Clinicians, hospital management, and insurance providers are the only users with

access to the information. In case of emergency, hospital personnel can quickly

locate missing patients and/or observe patient vital signs.

[0156] Individual users are no longer at risk of exposing their name and/or health

care information to by-standers. In some embodiments, the devices are waterproof

and remain operational for several days or months. The systems of this aspect of the

invention are able to work in conjunction with mobile phone applications developed

specifically for authentication purposes. In some embodiments, if removed from the

nail or tissue, the invented device is permanently disabled and all private information

is destroyed.



Example 7 - Finger and Toenail Mounted NFC Device for Safe Handling of

Hazardous Eguipment

[0157] The invention provides, for example, tissue mounted near field

communication (NFC) devices providing a unique solution for gun safety and safe

handling of potentially hazardous machinery where safety is required. The present

invention's materials, design, and circuit integration enable the art of biocompatible

NFC technology. In an embodiment, the built-in NFC technology serves as an

additional layer of safety and security in operating potentially life-threatening

equipment. Life threatening equipment includes but is not limited to guns, saws,

and/orcutting machinery. The fingernail-mounted devices of this aspect are able to

wirelessly communicate with readers that use NFC antennas. The body designed,

wearable NFC technology reduces the misuse of hazardous equipment through the

use of radio frequency identification systems. Gun triggers are only able to discharge

with the detection of an authorized fingernail-mounted device. The invented devices

of certain embodiments can activate kill switches in industrial or trade cutting

machinery when the user gets too close to a sharp object.

[0158] In an embodiment, the invention has a devoted chip that stores encrypted

identification information that is unique to each individual device. In addition, the chip

has action-specific security codes that change after time of authorization. The

encrypted identification information and varying security codes are used to grant or

deny operational access to hazardous equipment.

[0159] The systems of this aspect of the invention are able to work in conjunction

with mobile applications developed specifically for smart guns and/or hazardous

machinery. In some embodiments, the devices are waterproof and remain

operational for several days or months. In some embodiments, if removed from the

nail or tissue, the invented device is permanently disabled.

Example 8 - Finger and Toenail Mounted NFC Device for Medication Bottle

Compliance and Safety

[01 60] The invention provides, for example, tissue mounted near field

communication (NFC) devices providing a unique solution for medication bottles and

access to medication where compliance and/or safety is required. The presented



invention's materials, design, and circuit integration enable the art of biocompatible

NFC technology. In an embodiment, the built-in NFC technology serves as an

additional layer of security and/or compliance monitor for medication bottles. The

fingernail-mounted devices of this aspect are able to wirelessly communicate with

readers that use NFC antennas. The body designed, wearable NFC technology is

able to keep track of the amount of times a certain drug bottle is opened and

prevents unauthorized individuals access to the medication through the use of radio

frequency identification systems. Pill containers are only able to open with the

detection of an authorized fingernail-mounted device.

[0161] In an embodiment, the invention has a devoted chip that stores encrypted

identification information that is unique to each individual device. In addition, the chip

has action-specific security codes that change after time of authorization. The

encrypted identification information and varying security codes are used to grant or

deny access to prescribed medication.

[0162] The systems of this aspect of the invention are able to work in conjunction

with mobile applications. In some embodiments, the devices are waterproof and

remain operational for several days or months. In some embodiments, if removed

from the nail or tissue, the invented device is permanently disabled.

Example 9 - Fingernail Mounted NFC Device for Hospital Hand Washing

[0163] The invention provides, for example, tissue mounted near field

communication (NFC) devices, as a unique solution for hospital personnel in

monitoring whether or not health-care professionals wash their hands before

engaging with patients. The present invention's materials, design, and circuit

integration enable the art of biocompatible NFC technology. In an embodiment, the

built-in NFC technology serves as an additional health monitor and safety

precaution. The fingernail-mounted devices of this aspect are able to wirelessly

communicate with readers that use NFC antennas. The body designed, wearable

NFC technology reduces the risk of health-care associated infections through the

use of radio frequency identification systems. The invented device activates in close

proximity to a reader installed at a sink, hand sanitizer station, and/or room access

point. The reader records information from the activated device such as who washed



their hands, at what time, for how long, and at what temperature. The point of access

reader records who was present in specific locations. Data sets from both readers

are correlated and used to determine failure to adhere to hand washing protocols

and contaminated areas. The invented device holds the employee accountable and

ensures a more sanitary environment.

[0164] In an embodiment, the invention has a devoted chip that stores encrypted

information that is unique to each individual device. In addition, the chip has action-

specific security codes that change after time of authorization. The encrypted

information and varying security codes are used to accurately identify individuals. In

some embodiments, the devices are waterproof and remain operational for several

days or months. In some embodiments, if removed from the nail or tissue, the

invented device is permanently disabled.

Example 10 - Fingernail Mounted NFC Device for Gaming, Music-Sharing, Social

and Digital Media Platforms

[0165] The invention provides, for example, fingernail mounted near field

communication (NFC) devices providing a unique platform for gaming, music-

sharing, social and digital media service providers. The materials, design, and circuit

integration enable the art of biocompatible NFC technology. The fingernail-mounted

devices of this aspect are able to wirelessly communicate with smartphones that

have NFC capability. Instead of exchanging phone numbers, email addresses, and/or

home addresses, users have the ability to privately share digital content and/or

personal information.

[0166] In some embodiments, the invention has a devoted chip that stores

encrypted personal identification numbers that are unique to each individual device.

The encrypted information is a way to privately disclose digital content and

information. In some embodiments, personal information is never shared with

merchants or stored on a server without user consent. In some embodiments, all

digital information is stored and shared locally on the consumers' personal mobile

devices, computers, web pages, and/or gaming systems.

[0167] In some embodiments, for privacy, individual consumers are not at risk of

exposing personal information or digital content with unauthorized parties. Customers



do not have to carry their phones and/or business cards to disclose private

information. In some embodiments, devices are waterproof and remain operational

for several days or months. The systems of this aspect of the invention are able to

work in conjunction with mobile phone applications developed specifically for media

sharing purposes. In some embodiments, if removed from the nail, the invented

device is permanently disabled and all digital content is destroyed.

Example 11 - Actuating Tissue Mounted Devices

[0168] The invention provides, for example, fingernail-mounted near field

communication (NFC) devices providing a unique platform for consumer, defense,

and or intelligence agencies. The materials, design, and circuit integration enable the

art of biocompatible NFC technology. The fingernail-mounted devices of this aspect

are able to wirelessly communicate with smartphones and other devices that have

NFC capability. Users have the ability to trigger a response that permanently disables

device functionality and erases all digital content in the event of termination of use

and or unauthorized possession.

Example 12 - Tissue Mounted Devices

[0169] The systems and methods of the invention are highly versatile and support

a broad range of applications. This example illustrates a range of different device

embodiments supporting many different applications. The following description

provides examples showing the broad capabilities of the present systems. The

common components of the exemplified systems include a substrate that has an

antenna and inorganic and/or organic electronic components within the system's

dimensions, most of which include but are not limited to a RFID IC that can take on

various ISO and non ISO compliant forms. The components are configured to be

used in either an active or passive state depending on the application. The devices

exemplified have dimensions and geometries allowing for electromagnetic and

mechanical form factors which optimally match the desired application.

Example 13 - Tissue Mounted Devices

[0170] The systems and methods of the invention are highly versatile and support

a broad range of applications. This example illustrates a range of different device



embodiments supporting many different applications. The following description

provides examples showing the broad capabilities of the present systems. The

common components of the exemplified systems include a substrate that has an

antenna and inorganic and/or organic electronic components within the system's

dimensions, most of which include but are not limited to a RFID IC that can take on

various ISO and non ISO compliant forms. The components are configured to be

used in either an active or passive state depending on the application. The devices

exemplified have dimensions and geometries allowing for electromagnetic and

mechanical form factors which optimally match the desired application.

[0171] Figure 17 provides schematic diagrams of various tissue mounted systems

of the invention.

[0172] Figure 17A illustrates a finger of a person on which a fingernail (faux or

other) 1 having a tissue mounted system 2 of the invention attached is being placed

on the fingernail of a person by means of an adhesive.

[0173] Figure 17B illustrates the head of a person with several different tissue

mounted systems attached in different locations using different methods. One or all

of the locations shown, and other locations not shown, may be used, but preferred

embodiments on the head are illustrated here. Element 1 shows a tissue mounted

system attached to the ear which contains memory and/or electronic sensors.

Element 2 shows a tissue mounted system attached to the tooth using an

appropriate adhesive safe for this attachment, the device contains memory and/or

electronic sensors. Element 3 shows a tissue mounted system containing electronics

and/or sensors located on or in close proximity of the nose.

[0174] Figure 17C illustrates a finger of a human with a tissue mounted system

comprising a memory and/or electronic components/sensors mounted using an

adhesive directly to the nail plate. The device 1 is sometimes covered with an

additional cover material 2 , such as an encapsulation or cover layer.

[0175] Figure 17D shows a person's foot. Located on the foot are three different

tissue mounted systems. Elements 1,2 are located directly on the nail plate using

appropriate adhesive and comprise memory and/or electronics/sensors. Element 3



shows a tissue mounted system with memory and/or electronics/sensors located on

the toe mounted directly to the skin with an appropriate adhesive.

[0176] Figure 17E illustrates the inside portion of a person's hand with a tissue

mounted system 1 mounted on the finger over the fingerprint using appropriate

adhesives. The devices comprise memory and/or electronics/sensors.

[0177] Figure 17F illustrates a prosthetic socket with a dashed line showing a

semitransparent view to expose the tissue mounted system 1 mounted on the

human limb. The tissue mounted systems 1 contain memory and/or

electronics/sensors.

[0178] Figure 18 provides a schematic illustration of a tissue mounted NFC

device mounted on the fingernail for authentication in connection with use of a

firearm.

STATEMENTS REGARDING INCORPORATION BY REFERENCE
AND VARIATIONS

[0179] All references throughout this application, for example patent documents

including issued or granted patents or equivalents; patent application publications;

and non-patent literature documents or other source material; are hereby

incorporated by reference herein in their entireties, as though individually

incorporated by reference, to the extent each reference is at least partially not

inconsistent with the disclosure in this application (for example, a reference that is

partially inconsistent is incorporated by reference except for the partially inconsistent

portion of the reference).

[0180] The terms and expressions which have been employed herein are used as

terms of description and not of limitation, and there is no intention in the use of such

terms and expressions of excluding any equivalents of the features shown and

described or portions thereof, but it is recognized that various modifications are

possible within the scope of the invention claimed. Thus, it should be understood that

although the present invention has been specifically disclosed by preferred

embodiments, exemplary embodiments and optional features, modification and

variation of the concepts herein disclosed may be resorted to by those skilled in the



art, and that such modifications and variations are considered to be within the scope

of this invention as defined by the appended claims. The specific embodiments

provided herein are examples of useful embodiments of the present invention and it

will be apparent to one skilled in the art that the present invention may be carried out

using a large number of variations of the devices, device components, and method

steps set forth in the present description. As will be obvious to one of skill in the art,

methods and devices useful for the present methods can include a large number of

optional composition and processing elements and steps.

[0181] When a group of substituents is disclosed herein, it is understood that all

individual members of that group and all subgroups, including any isomers,

enantiomers, and diastereomers of the group members, are disclosed separately.

When a Markush group or other grouping is used herein, all individual members of

the group and all combinations and subcombinations possible of the group are

intended to be individually included in the disclosure. When a compound is

described herein such that a particular isomer, enantiomer or diastereomer of the

compound is not specified, for example, in a formula or in a chemical name, that

description is intended to include each isomers and enantiomer of the compound

described individually or in any combination. Additionally, unless otherwise

specified, all isotopic variants of compounds disclosed herein are intended to be

encompassed by the disclosure. For example, it will be understood that any one or

more hydrogens in a molecule disclosed can be replaced with deuterium or tritium.

Isotopic variants of a molecule are generally useful as standards in assays for the

molecule and in chemical and biological research related to the molecule or its use.

Methods for making such isotopic variants are known in the art. Specific names of

compounds are intended to be exemplary, as it is known that one of ordinary skill in

the art can name the same compounds differently.

[0182] Many of the molecules disclosed herein contain one or more ionizable

groups [groups from which a proton can be removed (e.g., -COOH) or added (e.g.,

amines) or which can be quaternized (e.g., amines)]. All possible ionic forms of such

molecules and salts thereof are intended to be included individually in the disclosure

herein. With regard to salts of the compounds herein, one of ordinary skill in the art

can select from among a wide variety of available counterions those that are



appropriate for preparation of salts of this invention for a given application. In

specific applications, the selection of a given anion or cation for preparation of a salt

may result in increased or decreased solubility of that salt.

[0183] Every formulation or combination of components described or exemplified

herein can be used to practice the invention, unless otherwise stated.

[0184] Whenever a range is given in the specification, for example, a temperature

range, a time range, or a composition or concentration range, all intermediate ranges

and subranges, as well as all individual values included in the ranges given are

intended to be included in the disclosure. It will be understood that any subranges or

individual values in a range or subrange that are included in the description herein

can be excluded from the claims herein.

[0185] All patents and publications mentioned in the specification are indicative of

the levels of skill of those skilled in the art to which the invention pertains.

References cited herein are incorporated by reference herein in their entirety to

indicate the state of the art as of their publication or filing date and it is intended that

this information can be employed herein, if needed, to exclude specific embodiments

that are in the prior art. For example, when compositions of matter are claimed, it

should be understood that compounds known and available in the art prior to

Applicant's invention, including compounds for which an enabling disclosure is

provided in the references cited herein, are not intended to be included in the

composition of matter claims herein.

[0186] As used herein, "comprising" is synonymous with "including," "containing,"

or "characterized by," and is inclusive or open-ended and does not exclude

additional, unrecited elements or method steps. As used herein, "consisting of"

excludes any element, step, or ingredient not specified in the claim. As used herein,

"consisting essentially of" does not exclude materials or steps that do not materially

affect the basic and novel characteristics of the claim. In each instance herein any of

the terms "comprising", "consisting essentially of" and "consisting of" may be

replaced with either of the other two terms. The invention illustratively described

herein suitably may be practiced in the absence of any element or elements,

limitation or limitations which is not specifically disclosed herein.



[0187] One of ordinary skill in the art will appreciate that starting materials,

biological materials, reagents, synthetic methods, purification methods, analytical

methods, assay methods, and biological methods other than those specifically

exemplified can be employed in the practice of the invention without resort to undue

experimentation. All art-known functional equivalents, of any such materials and

methods are intended to be included in this invention. The terms and expressions

which have been employed are used as terms of description and not of limitation,

and there is no intention in the use of such terms and expressions of excluding any

equivalents of the features shown and described or portions thereof, but it is

recognized that various modifications are possible within the scope of the invention

claimed. Thus, it should be understood that although the present invention has been

specifically disclosed by preferred embodiments and optional features, modification

and variation of the concepts herein disclosed may be resorted to by those skilled in

the art, and that such modifications and variations are considered to be within the

scope of this invention as defined by the appended claims.



We claim:

1. A tissue mounted electronic system, said system comprising:

a substrate having an inner surface and an outer surface; and

an electronic device comprising one or more inorganic components, organic

components or a combination of inorganic and organic components supported

by said outer surface of said substrate; wherein said electronic device has a

thickness less than or equal to 5 millimeters and has lateral dimensions small

enough to provide long-term conformal integration with said tissue without

substantial delamination.

A tissue mounted electronic system, said system comprising:

a substrate having an inner surface and an outer surface; and

an electronic device comprising one or more inorganic components, organic

components or a combination of inorganic and organic components supported

by said outer surface of said substrate; wherein said electronic device has a

thickness less than or equal to 5 millimeters and has lateral dimensions small

enough to provide conformal integration with said tissue without substantial

inflammation or immune response of said tissue.

A tissue mounted electronic system, said system comprising:

a substrate having an inner surface and an outer surface; and

an electronic device comprising one or more inorganic components, organic

components or a combination of inorganic and organic components supported

by said outer surface of said substrate; wherein said electronic device has a

thickness less than or equal to 5 millimeters and has lateral dimensions small

enough to provide conformal integration with said tissue without substantially

changing the exchange of heat and fluids from a tissue surface upon which

said system is mounted.



4 . A tissue mounted electronic system, said system comprising:

a substrate having an inner surface and an outer surface; and

an electronic device comprising one or more inorganic components, organic

components or a combination of inorganic and organic components; wherein

each of said inorganic or organic components is supported by said outer

surface and independently positioned within 20 millimeters of an edge of said

substrate;

wherein said tissue mounted electronic device has lateral dimensions less

than or equal to 20 millimeters and a thickness less than or equal to 5

millimeters.

5 . A tissue mounted electronic system, said system comprising:

a substrate having an inner surface and an outer surface; and

an electronic device comprising one or more inorganic components, organic

components or a combination of inorganic and organic components supported

by said outer surface of said substrate; wherein said electronic device is

capable of establishing conformal integration with said tissue, and wherein

said electronic device undergoes a transformation upon an external stimulus

or an internal stimulus; wherein said transformation provides a change in

function of the system from a first condition to a second condition.

6 . The system of claim 5 , wherein said transformation provides said change in

function of the device from a first condition of operability to a second condition

of inoperability.

7 . The system of any one of claims 5 - 6 , wherein said transformation is induced

upon removal or attempted removal of said system from a mounting position

on said tissue.



8 . The system of any one of claims 5 - 7 , wherein said transformation is induced

by a physical change, a chemical change, a thermal change or

electromagnetic change of said system or a component thereof.

The system of any one of claims 5 - 8 , wherein said transformation is induced

by physical breakage of a component of the system, a physical deformation of

a component of the system, a change in physical conformation of the system,

or removal of a barrier or encapsulation layer of the system.

The system of any one of claims 5 - 9 , wherein said transformation is induced

by a change in a value of a measured device property, a measured

physiological property or a measured ambient property or wherein said

transformation is induced by a positional change or a temporal change.

The system of any one of the preceding claims, wherein said inner surface of

said substrate conforms to a curvature of a tissue surface.

The system of any one of the preceding claims, wherein said inorganic or

organic components are selected from semiconductor components, metall

conductor components and combinations of inorganic semiconductor

components, organic semiconductor components and metallic conductor

components.

The system of any one of the preceding claims, wherein each of said

inorganic or organic components is independently positioned within 10

millimeters of an edge of the perimeter of said substrate.

14. The system of any one of the preceding claims, wherein each of said

inorganic or organic components is independently positioned within 10

millimeters of an edge of an aperture in said substrate.



15 . The system of any one of the preceding claims, wherein each of said

inorganic or organic components is independently characterized by a shortest

distance to an edge of said substrate, wherein an average of said shortest

distances for said inorganic or organic components is equal to or less than 10

mm.

16 . The system of any one of the preceding claims, wherein said tissue mounted

electronic system has a lateral area footprint less than or equal to 500 mm2.

17 . The system of any one of the preceding claims, wherein said tissue mounted

electronic system has a lateral area footprint selected from the range of 1

mm2 to 500 mm2.

18 . The system of any one of the preceding claims, wherein the ratio of a lateral

area footprint of said tissue mounted electronic system to the area of the

tissue is greater than or equal to 0.1 .

19 . The system of any one of the preceding claims, wherein said tissue mounted

electronic system has an average modulus selected from the range of 10 kPa

to 100 GPa.

20. The system of any one of the preceding claims, wherein said tissue mounted

electronic system has an average modulus greater than 10 kPa.

2 1 . The system of any one of the preceding claims, wherein said tissue mounted

electronic system has a net bending stiffness selected from the range of 0.1

nN m to 1 N m.

22. The system of any one of the preceding claims, wherein said tissue mounted

electronic system has a net bending stiffness greater than 0.1 nM m.

23. The system of any one of the preceding claims, wherein said tissue mounted

electronic system has an areal mass density selected from the range of 0.1

mg cm 2 to 100 mg cm 2.



24. The system of any one of the preceding claims, wherein said tissue mounted

electronic system has an average thickness selected from the range of 5

microns to 5 millimeters.

25. The system of any one of the preceding claims, wherein said tissue mounted

electronic system has an overall maximum thickness less than 0.1 mm and at

least one region having a thickness selected from the range of 0.05 mm to

0.09 mm.

26. The system of any one of the preceding claims having a multilayer geometry

comprising a plurality of functional layers, supporting layers, encapsulating

layers, planarizing layers or any combination of these.

27. The system of any one of the preceding claims having a shape selected from

the group consisting of elliptical, rectangular, circular, serpentine and

irregular.

28. The system of claim 27, wherein said shape is characterized by an aspect

ratio of a lateral dimension to thickness less than 10000.

29. The system of any one of the preceding claims, wherein said inner surface of

said substrate has an area for establishing said conformal contact with said

tissue surface less than or equal to 500 mm2.

30. The system of any one of the preceding claims, wherein said inner surface of

substrate has an area for establishing said conformal contact with said tissue

surface selected from the range of 1 mm2 to 500 mm2.

3 1 . The system of any one of the preceding claims, wherein said substrate is

discontinuous.

32. The system of any one of the preceding claims, wherein said substrate has a

perforated geometry including a plurality of apertures extending through said



substrate.

33. The system of claim 32, wherein said apertures allow passage of gas and

fluid from said tissue through said system.

34. The system of any one of claims 32-33, wherein each of said apertures is

independently characterized by lateral dimensions selected from the range of

5 microns to 20 millimeters.

35. The system of any one of claims 32-34, wherein said substrate has an areal

density of said apertures selected from the range of 1 mm 2 to 600 mm 2 .

36. The system of any one of claims 32-35, wherein said apertures are provided

in a substantially spatially uniform distribution across said substrate.

37. The system of any one of claims 32-36, wherein said apertures provide an

overall mesh geometry of said substrate.

38. The system of any one of claims 32-37, wherein said apertures provide a

porosity of said substrate equal to or greater than 0.01%

39. The system of any one of claims 32-38, wherein said apertures allow

transport of fluid away from said tissue surface.

40. The system of any one of the preceding claims, wherein said substrate is a

flexible substrate or a stretchable substrate.

4 1 . The system of any one of the preceding claims, wherein said substrate is

characterized by an average modulus selected from the range of 10 kPa to

100 GPa.

42. The system of any one of the preceding claims, wherein said substrate is

characterized by an average modulus greater than 10 kPa.



43. The system of any one of the preceding claims, wherein said substrate is

characterized by an average thickness selected from the range of 5 microns

to 10 millimeters.

The system of any one of the preceding claims, wherein said substrate

characterized by an average thickness greater than 5 microns.

45. The system of any one of the preceding claims, wherein said substrate is

characterized by a maximum thickness of 50 microns.

46. The system of any one of the preceding claims, wherein said substrate

comprises one or more thin films, coatings or both.

47. The system of any one of the preceding claims, wherein said substrate

comprises an inorganic polymer, an organic polymer, a plastic, an elastomer,

a biopolymer, a thermoset polymer, a rubber, an adhesive tape or any

combination of these.

48. The system of any one of the preceding claims, wherein said substrate

comprises polyimide polydimethylsiloxane (PDMS), polyurethane, cellulose

paper, cellulose sponge, polyurethane sponge, polyvinyl alcohol sponge,

silicone sponge, polystyrene, polymethyl methacrylate (PMMA) or

polycarbonate.

49. The system of any one of the preceding claims, further comprising one or

more encapsulating layers or coatings for encapsulating said electronic

device.

50. The system of any one of the preceding claims, wherein said electronic device

is a rigid or semi-rigid device, a flexible electronic device or a stretchable

electronic device.

5 1 The system of any one of the preceding claims, wherein each of said one or

more inorganic or organic components independently comprises one or more



thin films, nanoribbons, microribbons, nanomembranes or micromembranes.

52. The system of any one of the preceding claims, wherein said one or more

inorganic or organic components independently comprise a single crystalline

inorganic semiconductor material.

53. The system of any one of the preceding claims, wherein said one or more

inorganic or organic components independently have a thickness selected

from the range of 5 microns to 5000 microns.

54. The system of any one of the preceding claims, wherein said one or more

inorganic or organic components independently have a thickness greater than

5 microns.

55. The system of any one of the preceding claims, wherein said one or more

inorganic or organic components are independently characterized by a curved

geometry.

The system of claim 55, wherein the curved geometry is a bent, coiled,

interleaved or serpentine geometry.

57. The system of any one of the preceding claims, wherein said one or more

inorganic or organic components are characterized by one or more island and

bridge structures.

58. The system of any one of the preceding claims, wherein said electronic device

has a multilayer geometry comprising a plurality of functional layers, barrier

layers, supporting layers and encapsulating layers.

59. The system of any one of the preceding claims, wherein said electronic device

is provided proximate to a neutral mechanical surface of said system.



60. The system of any one of the preceding claims, wherein said electronic device

comprises one or more sensors or a component thereof.

6 1 . The system of claim 60, wherein said one or more sensors or component

thereof are selected from the group consisting of an optical sensor, an

electrochemical sensor, a chemical sensor, a mechanical sensor, a pressure

sensor, an electrical sensor, a magnetic sensor, a strain sensor, a

temperature sensor, a capacitive sensor, an impedance sensor, a biological

sensor, an electrocardiography sensor, an electromyography sensor, an

electroencephalography sensor, an electrophysiological sensor, a

photodetector, a gas sensor, a particle sensor, an air pollution sensor, a

radiation sensor, an environmental sensor and an imaging device.

62. The system of any one of the preceding claims, wherein said electronic device

comprises one or more actuators or a component thereof.

63. The system of claim 62, wherein said one or more actuators or component

thereof generate electromagnetic radiation, optical radiation, acoustic energy,

an electric field, a magnetic field, heat, an RF signal, a voltage, a chemical

change or a biological change.

64. The system of claim 63, wherein said one or more actuators or component

thereof are selected from the group consisting of a heater, an optical source,

an electrode, an acoustic actuator, a mechanical actuator, a microfluidic

system, a MEMS system, a NEMS system, a piezoelectric actuator, an

inductive coil, a reservoir containing a chemical agent capable of causing a

chemical change or a biological change, a laser, and a light emitting diode.

65. The system of any one of the preceding claims, wherein said electronic device

comprises one or more energy storage systems or a component thereof.

66. The system of claim 65, wherein said one or more energy storage systems or



component thereof is selected from the group consisting of an electrochemical

cell, a fuel cell, a photovoltaic cell, a wireless power coil, a thermoelectric

energy harvester, a capacitor, a super capacitor, a primary battery, a

secondary battery and a piezoelectric energy harvester.

67. The system of any one of the preceding claims, wherein said electronic device

comprises one or more communication systems or a component thereof.

68. The system of claim 67, wherein said one or more communication systems or

a component thereof are selected from the group consisting of a transmitter, a

receiver, a transceiver, an antenna, and a near field communication device.

69. The system of any one of the preceding claims, wherein said electronic device

comprises one or more coils.

70. The system of claim 69, wherein said one or more coils are inductive coils.

7 1 . The system of claim 69, wherein said one or more coils are near-field

communication coils.

72. The system of claim 7 1 , wherein each of said near-field communication coils

independently has a diameter selected from the range of 500 microns to 20

millimeters.

73. The system of any one of claims 7 1-72, wherein each of said near-field

communication coils independently has an average thickness selected from

the range of 1 micron to 5 millimeters.

74. The system of any one of claims 7 1-73, wherein the frequency of each of said

near-field communication coils changes by less than 50% upon a change from

a planar configuration to a bent configuration characterized by a radius of

curvature selected from the range of 1 mm to 20 mm.



75. The system of any one of claims 7 1-74, wherein each of said near-field

communication coils is characterized by a Q factor greater than or equal to 3 .

76. The system of any one of claims 69-75, wherein said one or more coils are at

least partially encapsulated by said substrate or one or more encapsulation

layers.

77. The system of any one of claims 69-76, wherein said one or more coils have a

geometry selected from the group consisting of an annulus or an elliptical

annulus.

78. The system of any one of the preceding claims, wherein said inner surface of

the substrate is capable of establishing conformal integration with said tissue

surface comprising an external tissue.

79. The system of claim 78, wherein said external tissue is skin, a fingernail, a

toenail, a tooth, hair or an ear lobe.

80. The system of any one of the preceding claims, wherein said inner surface of

the substrate is bonded to said tissue surface via an adhesive comprising an

acrylic, silicone or a combination of these.

8 1 . The system of any one of the preceding claims, further comprising a near field

communication device.

82. The system of claim 8 1 , wherein said near field communication device is for

password authentication, electronic transactions or biosensing.

83. The system of claim 82, wherein said near field communication device is for

communicating with a computer or mobile electronic device.

84. A method of sensing, actuating or communicating; said method comprising:



providing a tissue mounted electronic system on a tissue surface; wherein

said tissue mounted electronic system comprises:

a substrate having an inner surface and an outer surface; and

an electronic device comprising one or more inorganic components,

organic components or a combination of inorganic and organic

components supported by said outer surface of said substrate; wherein

said electronic device has a thickness less than or equal to 5

millimeters and has lateral dimensions small enough to provide long-

term conformal integration with said tissue without substantial

delamination; and

sensing, actuating or communicating using said tissue mounted electronic

system.

A method of sensing, actuating or communicating; said method comprising:

providing a tissue mounted electronic system on a tissue surface; wherein

said tissue mounted electronic system comprises:

a substrate having an inner surface and an outer surface; and

an electronic device comprising one or more inorganic components,

organic components or a combination of inorganic and organic

components supported by said outer surface of said substrate; wherein

said electronic device has a thickness less than or equal to 5

millimeters and has lateral dimensions small enough to provide

conformal integration with said tissue without substantial inflammation

or immune response of said tissue; and

sensing, actuating or communicating using said tissue mounted electronic

system.

A method of sensing, actuating or communicating; said method comprising:

providing a tissue mounted electronic system on a tissue surface; wherein

said tissue mounted electronic system comprises:



a substrate having an inner surface and an outer surface; and

an electronic device comprising one or more inorganic components,

organic components or a combination of inorganic and organic

components supported by said outer surface of said substrate; wherein

said electronic device has a thickness less than or equal to 5

millimeters and has lateral dimensions small enough to provide

conformal integration with said tissue without substantially changing

the exchange of heat and fluids from the tissue surface upon which the

system is mounted; and

sensing, actuating or communicating using said tissue mounted electronic

system.

87. A method of sensing, actuating or communicating; said method comprising:

providing a tissue mounted electronic system on a tissue surface; wherein

said tissue mounted electronic system comprises:

a substrate having an inner surface and an outer surface; and

an electronic device comprising one or more inorganic components,

organic components or a combination of inorganic and organic

components supported by said outer surface of said substrate; wherein

said electronic device is capable of establishing conformal integration

with said tissue in a manner such that it is rendered functionally

inoperable upon removal from said tissue; and

sensing, actuating or communicating using said tissue mounted electronic

system.

88. A method of sensing, actuating or communicating; said method comprising:

providing a tissue mounted electronic system on a tissue surface; wherein

said tissue mounted electronic system comprises:

a substrate having an inner surface and an outer surface; wherein said

inner surface of the substrate is for establishing contact with a tissue

surface; and



an electronic device comprising one or more inorganic components,

organic components or a combination of inorganic and organic

components; wherein each of said inorganic or organic components is

supported by said outer surface and independently positioned within 20

millimeters of an edge of said substrate;

wherein said tissue mounted electronic device has lateral dimensions

less than or equal to 20 millimeters and a thickness less than or equal

to 5 millimeters; and

sensing, actuating or communicating using said tissue mounted electronic

system.

89. The method of any one of claims 84-88, wherein said inorganic or organic

components are selected from inorganic semiconductor components, metallic

conductor components and combinations of inorganic semiconductor

components and metallic conductor components.

90. The method of any one of claims 84-89, wherein said tissue surface

comprises an external tissue of a subject.

9 1 . The system of any one of claims 84-90, wherein said external tissue is

characterized by a growth rate less than or equal to 6 mm per month.

92. The system of any one of claims 84-91 , wherein said external tissue is

characterized by a rate of exfoliation less than or equal to once per day.

93. The system of any one of claims 84-92, wherein said external tissue is

characterized by a modulus greater than or equal to 10 kPa.

94. The system of any one of claims 84-93, wherein said external tissue is

characterized by a bending stiffness greater than or equal to 0.1 nN m.

95. The system of any one of claims 84-94, wherein said tissue surface is



characterized by a radius of curvature selected from the range of 1 mm to 20

mm.

96. The method of any one of claims 84-95, wherein said tissue is skin, a

fingernail, a tooth, hair or an ear lobe.

97. The method of any one of claims 84-96, wherein said tissue is not epidermal

tissue.

98. The method of any one of claims 84-97, wherein said tissue is not internal

tissue.

99. The method of any one of claims 84-98, wherein said sensing, actuating or

communicating comprises generating or receiving a near field communication

signal.

100. The method of claim 99, wherein said near field communication signal is

generated or received by a computer or portable electronic device.

10 1 . The method of claim 99, wherein said near field communication signal is for

password authentication, electronic transactions or biosensing.

102. The method of any one of claims 84-1 00, wherein said sensing, actuating or

communicating comprises sensing one or more physiological,

electrophysiological, chemical, thermal or optical properties of said tissue.

103. The method of any one of claims 84-1 00, wherein said sensing, actuating or

communicating comprises sensing one or more physical or chemical

properties of a biological fluid from said tissue.

104. The method of any one of claims of any of claims 84-1 00, wherein said

sensing, actuating or communicating comprises actuating said tissue.



105. The method of claim 104, wherein said actuating comprises electrostatically,

thermally, optically, acoustically, magnetically or chemically actuating said

tissue.

106. The system or method of any one of the proceeding claims, wherein said

system further comprises a mounting platform.

107. The system or method of claim 106, wherein said mounting platform has an

external surface for establishing contact with a surface of said tissue.

108. The system or method of claim 106, wherein said mounting platform is said

substrate of said tissue mounted system.

109. The system or method of claim 106, wherein said mounting platform has an

internal surface for supporting said electronic device, said substrate or both.

110 . The system or method of claim 106, wherein said mounting platform is for

establishing conformal contact with said tissue surface.

111. The system or method of claim 106, wherein said mounting platform

establishes conformal contact with a surface of a fingernail.

112 . The system or method of claim 106, wherein said mounting platform is rigid or

flexible.

113 . The system or method of claim 106, wherein said mounting platform is a

prosthetic, an adhesive tape or a false fingernail.

114 . The system or method of claim 106, wherein the system is rigid in a fixed

shape provided to conform to the tissue surface.

115 . The system of claim 114 , wherein the fixed shape has a curved or contoured

profile.



116 . The system or method of any one the preceding claims, wherein intersecting

outer surfaces of the system are joined radially at an angle to reduce

delamination.

117 . The system or method of any one the preceding claims, wherein the system is

fabricated via an industrial process using a roll-to-roll processing.

118 . The system or method of claim 117 , wherein said roll-to-roll processing

comprises web processing or reel-to-reel processing.

119 . The system or method of claim 117 , wherein said system is fabricated using a

roll of flexible plastic or metal foil.

120. The system or method of any one the preceding claims, wherein at least a

portion of device components of said system comprise a die that is thinned

after OEM standard manufacturing and bonded using flip chip technology by

either a solder or ACP (anisotropic conductive paste).

12 1 . The system or method of any one the preceding claims, wherein at least a

portion of device components are encapsulated to provide waterproofing.

122. A method of authenticating a user to an external device; said method

comprising:

providing a tissue mounted electronic system on a tissue surface; wherein

said tissue mounted electronic system comprises:

a substrate having an inner surface and an outer surface; and

an electronic device comprising one or more inorganic components,

organic components or a combination of inorganic and organic

components supported by said outer surface of said substrate; and

communicating using said tissue mounted electronic system to provide an

authentication signal to an external device.



123. The method of claim 122, wherein upon receiving said authentication signal

said external device grants the user access to operate said external device.

124. The method of claim 123, wherein said external device is a computer, a

phone, a gun, a pill bottle, a door, a vehicle, a safe, a lockbox, a turnstile, a

gate, an elevator or a lock.

125. A method of making an electronic payment; said method comprising:

providing a tissue mounted electronic system on a tissue surface; wherein

said tissue mounted electronic system comprises:

a substrate having an inner surface and an outer surface; and

an electronic device comprising one or more inorganic components,

organic components or a combination of inorganic and organic

components supported by said outer surface of said substrate; and

communicating using said tissue mounted electronic system to provide

payment information to an external device.

126. A method of ensuring user compliance; said method comprising:

providing a tissue mounted electronic system on a tissue surface; wherein

said tissue mounted electronic system comprises:

a substrate having an inner surface and an outer surface; and

an electronic device comprising one or more inorganic components,

organic components or a combination of inorganic and organic

components supported by said outer surface of said substrate; and

communicating a signal indicative of a location and identification of said tissue

mounted electronic system to an external device.

127. A method of transfering digital content; said method comprising:

providing a tissue mounted electronic system on a tissue surface; wherein

said tissue mounted electronic system comprises:



a substrate having an inner surface and an outer surface; and

an electronic device comprising one or more inorganic components,

organic components or a combination of inorganic and organic

components supported by said outer surface of said substrate; and

communicating a signal indicative of said digital content from said tissue

mounted electronic system to an external device.

128. The system of any of the preceding claims, wherein said electronic device is

rendered functionally inoperable upon removal from said tissue.

129. The system of any of the preceding claims, wherein said electronic device is

rendered functionally inoperable by physical breakage or deformation of at

least a portion of a device component.

130. The system of any of the preceding claims, wherein said electronic device is

rendered functionally inoperable by removal of a barrier or encapsulation layer

to expose at least a portion of a device component to an external

environment.

The system of any one of claims 129-130, wherein said device component is

selected from the group consisting of an interconnect, a coil, a substrate or a

combination thereof.

132. The system of any one of claims 129-1 3 1 , wherein said deformation

comprises a change in curvature of said system greater than or equal to a 4

mm radius of curvature.



133. The system of any of the preceding claims, wherein said electronic device is

rendered functionally inoperable when a value of a measured physiological

property is outside of a threshold window.

134. The system of claim 133, wherein said physiological property is selected from

the group consisting of temperature, pH level, glucose, pulse oximetry, heart

rate, respiratory rate, blood pressure, peripheral capillary oxygen saturation

(Sp02) and combinations thereof.

135. The system of any of the preceding claims, wherein said electronic device is

rendered functionally inoperable after a predetermined amount of time, after

being used a set number of times, or upon failure to properly authenticate

after a set number of attempts.
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