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ELECTRONICS FOR DETECTION OF A
PROPERTY OF A SURFACE

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. provisional
application Ser. No. 61/540,444, filed Sep. 28, 2011, entitled
“METHODS, APPARATUS AND SYSTEMS FOR MONI-
TORING UV AND SUNLIGHT EXPOSURE,” which is
hereby incorporated herein by reference in its entirety.

BACKGROUND

[0002] Effort is being made to develop electronics for
application in monitoring properties of a surface, including in
the field of skin care and skin health. For example, skin cancer
is the most commonly diagnosed type of cancer and the
majority of skin cancer can be linked to over-exposure to
ultraviolet (UV) rays from the sun or sun-beds. Education
may assist in the prevention of overexposure to UV electro-
magnetic rays, reducing the risk of skin cancer.

[0003] Tissue hydration is the process of absorbing and
retaining water in biological tissues. In humans, a significant
drop in tissue hydration can lead to dehydration and may
trigger other serious medical conditions. Dehydration may
result from loss of water itself] loss of electrolytes, and/or a
loss of blood plasma. Previous techniques for monitoring
tissue hydration have applied, e.g., an ultrasonic hydration
monitor that employs ultrasound velocity to calculate hydra-
tion level. The ultrasound hydration monitor is generally
attached to tissue such as muscles. The device generally uses
a rigid frame to maintain a constant distance between an
ultrasound transducer and a receiver.

[0004] The use of electronics in some medical-related
applications can be hampered by the boxy, rigid way that
much electronics are designed and packaged. Biological tis-
sue is mainly soft, pliable and curved. By contrast, boxy, rigid
electronics can be hard and angular, which could affect the
measurement of tissue.

[0005] Such rigid electronics also may limit applications in
non-medical-based systems.

SUMMARY

[0006] Inview of the foregoing, it is recognized and appre-
ciated herein that both sufficient comfort and accuracy are
desirable attributes of techniques for monitoring parameters
of a surface related to skin care or skin health, including an
exposure of the skin to electromagnetic radiation or a hydra-
tion state of the skin, via conformal electronics.

[0007] Accordingly, methods, apparatus and systems dis-
closed herein provide for quantifying and tracking exposure
to electromagnetic radiation (including visible and UV rays)
ofa surface such as tissue using conformal electronics. These
example methods, apparatus and systems may be used to
inform consumers of their personal UV exposure and possi-
bly reduce over-exposure to UV rays.

[0008] The conformal electronics described herein also
have applications in non-medical-based systems, such as for
quantifying and tracking an amount of exposure to electro-
magnetic radiation of a surface of paper, wood, leather, fabric
(including artwork or other works on canvas), a plant or a tool.
[0009] Various examples described herein are directed gen-
erally to tissue condition monitoring methods, apparatus, and
systems applicable to both consumer and military markets,

Aug. 8,2013

which can provide real-time feedback as well as portability.
The tissue condition can be state of hydration or disease state.
In some examples, the methods, apparatus and systems are
based at least in part on measuring properties of a surface
(such as but not limited to the skin and underlying tissue), to
provide an indication of the exposure of the surface to elec-
tromagnetic radiation, the SPF factor of a product, or a con-
dition of the surface according to the principles described
herein.

[0010] Accordingly, an apparatus for monitoring exposure
of a surface to electromagnetic radiation is described. The
apparatus includes a flexible substrate, at least one sensor
component disposed on the flexible substrate, and at least one
processing unit in communication with the at least one sensor
component, and at least one cross-link structure physically
coupled to a portion of the at least one processing unit and/or
to a portion of the at least one sensor component, the at least
one cross-link structure being formed from a dielectric mate-
rial. The at least one sensor component measures an amount
of electromagnetic radiation incident on the at least one sen-
sor component, the electromagnetic radiation having fre-
quencies in the visible or ultraviolet regions of the electro-
magnetic spectrum. The measure of the amount of
electromagnetic radiation incident on the at least one sensor
component provides an indication of an amount of exposure
of the surface to the electromagnetic radiation.

[0011] In an example, the at least one cross-link structure
physically couples a portion of the at least one processing unit
to a portion of the at least one sensor component.

[0012] Theapparatus can further include amemory in com-
munication with the at least one sensor component, wherein
the memory stores data indicative of measurements of the
amount of electromagnetic radiation incident on the at least
one sensor component.

[0013] Theapparatus can further include amemory in com-
munication with the at least one sensor component, where the
memory stores machine readable instructions which, when
executed, cause the at least one processing unit to analyze the
measure of the amount of electromagnetic radiation incident
on the at least one sensor component to provide the indication
of the amount of exposure of the surface to the electromag-
netic radiation.

[0014] The apparatus can further include at least one coil
structure formed from a conductive material, and a radio-
frequency component in communication with the at least one
coil structure and/or the at least one processing unit, where
the radio-frequency component transmits the measure of the
amount of electromagnetic radiation incident on the at least
one sensor component and/or the indication of an amount of
exposure of the surface to the electromagnetic radiation using
the at least one coil structure.

[0015] The radio-frequency component can be a BLUE-
TOOTH® component.

[0016] The apparatus can further include at least one brace
structure formed from a dielectric material, where the at least
one cross-link structure physically couples a portion of the at
least one processing unit and/or a portion of the at least one
sensor component to the at least one brace structure.

[0017] The at least one brace structure and the at least one
cross-link structure can be formed from the same material or
formed from different materials. The at least one brace struc-
ture may surround the at least one processing unit and/or the
at least one sensor component.
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[0018] The flexible substrate and the at least one cross-link
structure can be formed from the same material or formed
from different materials. The flexible substrate and the at least
one cross-link structure can be formed from a same polymer.
The flexible substrate has a Young’s modulus of less than
about 10 GPa.

[0019] The apparatus can further include an encapsulation
layer disposed over at least a portion of the at least one sensor
component and/or at least a portion of the at least one pro-
cessing unit.

[0020] The at least one sensor component and the at least
one processing unit can be positioned at or near a midpoint of
a depth of the apparatus.

[0021] The encapsulation layer can have a Young’s modu-
lus less than about 100 MPa.

[0022] Portions of the encapsulation layer can include an
adhesive, where the adhesive attaches the portions of the
encapsulation layer to the surface.

[0023] The encapsulation layer can be formed from a poly-
mer.
[0024] The at least one sensor component can be a photo-

detector including a p-n junction.

[0025] The apparatus can further include at least one filter
disposed above the at least one sensor component, where a
measure of the electromagnetic radiation using the at least
one filter and the at least one sensor component provides a
measure of the amount of ultraviolet-A electromagnetic
radiation and/or ultraviolet-B electromagnetic radiation inci-
dent on the surface.

[0026] The at least one sensor component can be at least
partially embedded in the flexible substrate.

[0027] The at least one sensor component can include two
sensor component, where one of the two sensor components
can be stacked above the other of the two sensor components
to provide a stacked sensor component.

[0028] A comparison of a measure of the electromagnetic
radiation using the stacked sensor component to a measure of
the electromagnetic radiation using another of the at least one
sensor components provides a measure of the amount of
ultraviolet-A electromagnetic radiation and/or ultraviolet-B
electromagnetic radiation incident on the surface.

[0029] The at least one sensor component can include a
photodetector.

[0030] The at least one sensor component can be at least
one of a silicon-based photodetector, a silicon carbide-based
photodetector, a germanium-based photodetector, a gallium
nitride-based photodetector, an indium gallium nitride-based
photodetector and an aluminum gallium nitride-based photo-
detector.

[0031] The surface can be a portion of a tissue, a fabric, a
plant, an artwork, paper, wood, or a tool or piece of equip-
ment.

[0032] The surface can be a portion of a tissue, where the
measure of the amount of exposure of the surface of the tissue
to the electromagnetic radiation provides a measure of a level
of SPF protection of the tissue.

[0033] The at least one sensor component can include at
least two sensor components, where an ultraviolet filter can
be disposed above at least one of the at least two sensor
components, where a comparison of a measure of the elec-
tromagnetic radiation using the sensor component including
the ultraviolet filter to a measure of the electromagnetic radia-
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tion using another of the at least one sensor components
having no ultraviolet filter provides the measure of a level of
SPF protection of the tissue.

[0034] Theapparatus can further include at least one ampli-
fier in electrical communication with the at least one sensor
component.

[0035] Also described herein is a system for monitoring
exposure of a surface to electromagnetic radiation. The sys-
tem includes at least one apparatus according to a principle
described herein, and a reader device. The reader device
receives from the at least one apparatus the data indicative of
the measure of the amount of electromagnetic radiation inci-
dent on the at least one sensor component and/or the indica-
tion of an amount of exposure of the surface to the electro-
magnetic radiation.

[0036] The reader device can include a coupling member,
where the reader device receives the data indicative of the
measure of the amount of electromagnetic radiation incident
on the at least one sensor component and/or the indication of
an amount of exposure of the surface to the electromagnetic
radiation when the coupling member can be electrically
coupled to a portion of the at least one apparatus.

[0037] The surface can be a portion of a tissue, a fabric, a
plant, an artwork, paper, wood, or a tool or piece of equip-
ment.

[0038] The reader device can be a near-field communica-
tion (NFC)-enabled handheld device.

[0039] In another example according to the principles
herein, an apparatus for monitoring exposure of a surface to
electromagnetic radiation. The apparatus can include at least
one sensor component, at least one coil structure formed from
a conductive material, and at least one cross-link structure
physically coupling a portion of the at least one coil structure
to a portion of the at least one sensor component, the at least
one cross-link structure being formed from a flexible mate-
rial. The at least one sensor component measures an amount
of electromagnetic radiation incident on the at least one sen-
sor component, the electromagnetic radiation having fre-
quencies in the visible or ultraviolet regions of the electro-
magnetic spectrum. The measure of the amount of
electromagnetic radiation incident on the at least one sensor
component provides an indication of an amount of exposure
of the surface to the electromagnetic radiation.

[0040] The at least one sensor component can be sur-
rounded by the at least one coil structure.

[0041] Theatleastone sensor component can be positioned
outside the at least one coil structure.

[0042] The surface can be a portion of a tissue, a fabric, a
plant, an artwork, paper, wood, or a tool or piece of equip-
ment.

[0043] The at least one sensor component can be sur-
rounded by the at least one coil structure.

[0044] The measure of the amount of exposure of the tissue
to the electromagnetic radiation provides a measure of a level
of SPF protection of the surface.

[0045] The apparatus can further include at least one pro-
cessing unit in communication with the at least one sensor
component.

[0046] The at least one processing unit can be configured to
analyze the measure of the amount of electromagnetic radia-
tion incident on the at least one sensor component to provide
the indication of the amount of exposure of the surface to the
electromagnetic radiation.
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[0047] The apparatus can further include a radio-frequency
component in communication with the at least one coil struc-
ture and the at least one processing unit, where the radio-
frequency component transmits the measure of the amount of
electromagnetic radiation incident on the at least one sensor
component and/or the indication of an amount of exposure of
the surface to the electromagnetic radiation using the at least
one coil structure.

[0048] The at least one coil structure can include at least
one corrugated portion.

[0049] The at least one corrugated portion can include a
7ig-zag structure, a serpentine structure, a grooved structure,
or a rippled structure.

[0050] The at least one coil structure can be polygonal-
shaped, circular-shaped, square-shaped or rectangular-
shaped.

[0051] The apparatus can further include a flexible sub-
strate, where the at least one sensor component and the at least
one coil structure can be disposed on the flexible substrate.
[0052] The flexible substrate can be a polymer.

[0053] The at least one cross-link structure can be formed
from a polymer.

[0054] The flexible substrate and the at least one cross-link
structure can be formed from the same material or from
different materials.

[0055] The flexible substrate and the at least one cross-link
structure can be formed from a same polymer.

[0056] The flexible substrate has a Young’s modulus of less
than about 10 GPa.

[0057] The at least one sensor component can include a
photodetector.
[0058] The at least one sensor component can be at least

one of a silicon-based photodetector, a silicon carbide-based
photodetector, a germanium-based photodetector, a gallium
nitride-based photodetector, an indium gallium nitride-based
photodetector and an aluminum gallium nitride-based photo-
detector.

[0059] The apparatus can further include a filter coupled to
the at least one sensor component, where the filter can be
disposed at a region of the at least one sensor component
where the electromagnetic radiation can be incident.

[0060] A measure of a change in current of the photodetec-
tor provides the measure of the amount of electromagnetic
radiation incident on the at least one sensor component.
[0061] The at least one sensor component measures the
amount of ultraviolet (UV) electromagnetic radiation inci-
dent on the at least one sensor component.

[0062] The at least one sensor component measures the
amount of UVA or UVB electromagnetic radiation incident
on the at least one sensor component.

[0063] The apparatus can further include an encapsulation
layer disposed over at least a portion of the at least one sensor
component and the at least one coil structure.

[0064] The encapsulation layer can have a Young’s modu-
lus less than about 100 MPa.

[0065] Theatleastone sensor component can be positioned
at or near a midpoint of a depth of the apparatus.

[0066] Portions of the encapsulation layer can include an
adhesive, where the adhesive attaches the portions of the
encapsulation layer to the surface.

[0067] The encapsulation layer can be formed from a poly-
mer.
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[0068] The polymer can be a polyimide, where the at least
one sensor component measures the amount of visible elec-
tromagnetic radiation incident on the apparatus.

[0069] Theencapsulation layer can be formed from an elas-
tomer.
[0070] The encapsulation layer and the at least one cross-

ink structures can be formed from the same material.

[0071] In another example according to the principles
herein, a system for monitoring exposure of a surface to
electromagnetic radiation is described. The system includes
at least one apparatus and at least one other component. The
at least one other component can be at least one of a battery,
a transmitter, a transceiver, an amplifier, a processing unit, a
charger regulator for a battery, a radio-frequency component,
amemory, an analog sensing block, and a temperature sensor.
[0072] According to the principles herein, a method for
monitoring exposure of a surface to electromagnetic radiation
is described. The method includes receiving data indicative of
the amount of electromagnetic radiation incident on the at
least one sensor component, where the data can be obtained
using at least one apparatus described herein, and analyzing
the data using at least one processor unit. The analysis pro-
vides indication of an amount of exposure of the surface to the
electromagnetic radiation.

[0073] In an example, the analyzing the data can include
comparing the data to a calibration standard, where the com-
paring provides the indication of the amount of exposure of
the surface to the electromagnetic radiation.

[0074] In another example, the calibration standard can
include a correlation between values of the data and the
indication of the amount of exposure of the surface to the
electromagnetic radiation.

[0075] According to the principles herein, an electromag-
netic radiation sensor is described that includes a substrate
having a surface that can be exposed to electromagnetic radia-
tion in the visible and ultraviolet regions of the electromag-
netic spectrum, an electron collector region disposed in the
substrate, a hole collector region disposed in the substrate,
and a potential well region disposed in the substrate and
surrounding at least a portion of the electron collector region
and at least a portion of the hole collector region.

[0076] The electron collector region can include a highly
donor doped semiconductor material. The hole collector
region can include a highly acceptor doped semiconductor
material.

[0077] Where the potential well region includes a donor
doped semiconductor material, the substrate can be a p-type
semiconductor material. Where the potential well region
includes an acceptor doped semiconductor material and the
substrate can be a n-type semiconductor material.

[0078] Where the potential well region includes a donor
doped semiconductor material, the substrate can be a p-type
semiconductor material, and the potential well region
includes a lower concentration of a dopant than the electron
collector region.

[0079] The substrate can include silicon, silicon carbide,
germanium, gallium nitride, indium gallium nitride, or alu-
minum gallium nitride.

[0080] Where the substrate includes silicon, silicon car-
bide, or germanium, the hole collector region can be formed
from a highly acceptor doped region of the substrate, and the
hole collector region can include a boron dopant or a gallium
dopant.
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[0081] Where the substrate includes silicon, silicon car-
bide, or germanium, the electron collector region can be
formed from a highly donor doped region of the substrate, and
the electron collector region can include a phosphorus dopant
or an arsenic dopant.

[0082] Where the substrate includes silicon, silicon car-
bide, or germanium, the potential well region can be formed
from a donor doped region of the substrate, where the poten-
tial well region has a lower concentration of dopant than the
electron collector region, and where the potential well region
can include a phosphorus dopant or an arsenic dopant.

[0083] Where the substrate includes silicon, silicon car-
bide, or germanium, the potential well region can be formed
from an acceptor doped region of the substrate, where the
potential well region has a lower concentration of dopant than
the hole collector region, and where the potential well region
can include a boron dopant or a gallium dopant.

[0084] The electron collector region can be disposed proxi-
mate to the surface of the substrate or embedded in the sub-
strate.

[0085] Thehole collector region can be disposed proximate
to the surface of the substrate or embedded in the substrate.

[0086] The substrate can have a thickness of less than 1
micron, about 1 micron, about 2 micron, about 3 microns,
about 5 microns, about 10 microns, or greater than about 10
microns.

[0087] The potential well region can have a thickness
greater than the thickness of the electron collector region or
the hole collector region.

[0088] Theelectron collector region can have a thickness of
less than 1 micron, about 1 micron, about 2 microns, about 3
microns, or greater than about 3 microns. The hole collector
region can have a thickness of less than 1 micron, about 1
micron, about 2 microns, about 3 microns, or greater than
about 3 microns. The potential well region can have a thick-
ness of less than 1 micron, about 1 micron, about 2 microns,
about 3 microns, about 4 microns, or greater than about 4
microns.

[0089] A portion of the potential well can be disposed
between the electron collector region and the hole collector
region.

[0090] According to principles herein, a system is
described that includes at least one coil structure formed from
a conductive material, at least one other component sur-
rounded by the at least one coil structure, and at least one
cross-link structure physically coupling a portion of the at
least one coil structure to a portion of the at least one other
component, the at least one cross-link structure being formed
from a flexible material. The at least one other component can
be at least one of a battery, a transmitter, a transceiver, an
amplifier, a processing unit, a charger regulator for a battery,
a radio-frequency component, a memory, an analog sensing
block, and a temperature sensor.

[0091] The system can further include at least one sensor
component.

[0092] The at least one sensor component can be used to
measure an amount of electromagnetic radiation incident on
the at least one sensor component, the electromagnetic radia-
tion having frequencies in the visible or ultraviolet regions of
the electromagnetic spectrum.

[0093] The system can be disposed on a surface, where the
measure of the amount of electromagnetic radiation incident
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onthe at least one sensor component provides an indication of
an amount of exposure of the surface to the electromagnetic
radiation.

[0094] Theatleastone sensor component can be positioned
external to the at least one coil structure, where the at least one
sensor component can be electrically coupled to the at least
one coil structure or to the at least one other component.
[0095] At least one other component or the at least one
sensor component can be surrounded by the at least one coil
structure.

[0096] The system can be disposed on a tissue, where the at
least one sensor component measures a hydration level of the
tissue.

[0097] The at least one other component can be a radio-
frequency component and a processing unit, where the radio-
frequency component can be in communication with the at
least one coil structure and the at least one processing unit,
where the radio-frequency component transmits data indica-
tive of a measurement performed by the at least one sensor
component.

[0098] The at least one sensor component can include a
photodetector.

[0099] The at least one sensor component can be at least
one of a silicon-based photodetector, a silicon carbide-based
photodetector, a germanium-based photodetector, a gallium
nitride-based photodetector, an indium gallium nitride-based
photodetector and an aluminum gallium nitride-based photo-
detector.

[0100] Thesystem can further include a filter coupled to the
at least one sensor component, where the filter can be dis-
posed at a region of the at least one sensor component where
the electromagnetic radiation can be incident.

[0101] A measure of a change in current of the photodetec-
tor can be used to provide the measure of the amount of
electromagnetic radiation incident on the at least one sensor
component.

[0102] The system can be disposed on a surface, where the
surface can be a portion of a tissue, a fabric, a plant, an
artwork, paper, wood, or a tool or piece of equipment.
[0103] The at least one coil structure can include at least
one corrugated portion. In an example, the at least one cor-
rugated portion can include a zig-zag structure, a serpentine
structure, a grooved structure, or a rippled structure.

[0104] The at least one coil structure can be polygonal-
shaped, circular-shaped, square-shaped or rectangular-
shaped.

[0105] The system can further include a flexible substrate,
where the at least one sensor component and the at least one
coil structure can be disposed on the flexible substrate.
[0106] The flexible substrate can be a polymer.

[0107] The at least one cross-link structure can be formed
from a polymer.

[0108] The flexible substrate and the at least one cross-link
structure can be formed from the same material or different
materials.

[0109] The flexible substrate and the at least one cross-link
structure can be formed from a same polymer.

[0110] The system can further include an encapsulation
layer disposed over at least a portion of the at least one coil
structure and the at least one other component.

[0111] Theatleastone sensor component can be positioned
at or near a midpoint of a depth of the system.
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[0112] The system can be disposed on a surface, where
portions of the encapsulation layer include an adhesive,
where the adhesive attaches the portions of the encapsulation
layer to the surface.

[0113] The encapsulation layer can be formed from a poly-
mer.

[0114] In an example, the analyzing the data can include
applying an effective circuit model to the data, and where a
value of a parameter of the model provides the indication of
the condition of the tissue. In another example, the analyzing
the data can include comparing the data to a calibration stan-
dard, and where the comparing provides the indication of the
condition of the tissue.

[0115] The calibration standard can include a correlation
between values of electrical measurement and the indication
of the condition of the tissue.

[0116] The following publications, patents, and patent
applications are hereby incorporated herein by reference in
their entirety:

[0117] Kim et al., “Stretchable and Foldable Silicon Inte-
grated Circuits,” Science Express, Mar. 27, 2008, 10.1126/
science.1154367;

[0118] Ko et al., “A Hemispherical Electronic Eye Camera
Based on Compressible Silicon Optoelectronics,” Nature,
Aug. 7, 2008, vol. 454, pp. 748-753;

[0119] Kim et al., “Complementary Metal Oxide Silicon
Integrated Circuits Incorporating Monolithically Integrated
Stretchable Wavy Interconnects,” Applied Physics Letters,
Jul. 31, 2008, vol. 93, 044102;

[0120] Kim et al., “Materials and Noncoplanar Mesh
Designs for Integrated Circuits with Linear Elastic Responses
to Extreme Mechanical Deformations,” PNAS, Dec. 2, 2008,
vol. 105, no. 48, pp. 18675-18680;

[0121] Meitl et al., “Transfer Printing by Kinetic Control of
Adhesion to an Elastomeric Stamp,” Nature Materials, Janu-
ary, 2006, vol. 5, pp. 33-38;

[0122] U.S. Patent Application publication no. 2010
0002402-A1, published Jan. 7, 2010, filed Mar. 5, 2009, and
entitled “STRETCHABLE AND FOLDABLE ELEC-
TRONIC DEVICES;”

[0123] U.S. Patent Application publication no. 2010
0087782-A1, published Apr. 8, 2010, filed Oct. 7, 2009, and
entitled “CATHETER BALLOON HAVING STRETCH-
ABLE INTEGRATED CIRCUITRY AND SENSOR
ARRAY;”

[0124] U.S. Patent Application publication no. 2010
0116526-A1, published May 13, 2010, filed Nov. 12, 2009,
and entitled “EXTREMELY STRETCHABLE ELEC-
TRONICS;”

[0125] U.S. Patent Application publication no. 2010
0178722-A1, published Jul. 15, 2010, filed Jan. 12, 2010, and
entitled “METHODS AND APPLICATIONS OF NON-
PLANAR IMAGING ARRAYS;”

[0126] U.S. Patent Application publication no. 2010
027119-A1, published Oct. 28, 2010, filed Nov. 24, 2009, and
entitled “SYSTEMS, DEVICES, AND METHODS UTILIZ-
ING STRETCHABLE ELECTRONICS TO MEASURE
TIRE OR ROAD SURFACE CONDITIONS;”

[0127] PCT Patent Application publication no. WO2011/
084709, published Jul. 14, 2011, entitled “Methods and
Apparatus for Conformal Sensing of Force and/or Change in
Motion;” and

[0128] U.S. Patent Application publication no. 2011
0034912-A1, published Feb. 10, 2011, filed Mar. 12, 2010,
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and entitled “SYSTEMS, METHODS, AND DEVICES
HAVING STRETCHABLE INTEGRATED CIRCUITRY
FOR SENSING AND DELIVERING THERAPY””

[0129] U.S. Patent Application publication no US 2010-
0298895-A1, published Nov. 25, 2010, and entitled “SYS-
TEMS, METHODS, AND DEVICES USING STRETCH-
ABLE OR FLEXIBLE ELECTRONICS FOR MEDICAL
APPLICATIONS”

[0130] U.S. Patent Application publication no 2012-
0065937-A1, published Mar. 15, 2012, and entitled “METH-
ODS ANDAPPARATUS FOR MEASURING TECHNICAL
PARAMETERS OF EQUIPMENT, TOOLS AND COMPO-
NENTS VIA CONFORMAL ELECTRONICS.”

[0131] U.S. Patent Application publication no US 2012-
0226130-A1, published Sep. 6, 2012, and entitled “SYS-
TEMS, METHODS, AND DEVICES HAVING STRETCH-
ABLE INTEGRATED CIRCUITRY FOR SENSING AND
DELIVERING THERAPY”

[0132] It should be appreciated that all combinations of the
foregoing concepts and additional concepts discussed in
greater detail below (provided such concepts are not mutually
inconsistent) are contemplated as being part of the subject
matter disclosed herein. In particular, all combinations of
claimed subject matter appearing at the end of this disclosure
are contemplated as being part of the subject matter disclosed
herein. It should also be appreciated that terminology explic-
itly employed herein that also may appear in any disclosure
incorporated by reference should be accorded a meaning
most consistent with the particular concepts disclosed herein.
[0133] The foregoing and other aspects, examples, and fea-
tures of the present teachings can be more fully understood
from the following description in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0134] The skilled artisan will understand that the figures,
described herein, are for illustration purposes only. It is to be
understood that in some instances various aspects of the
invention may be shown exaggerated or enlarged to facilitate
an understanding of the invention. In the drawings, like ref-
erence characters generally refer to like features, functionally
similar and/or structurally similar elements throughout the
various figures. The drawings are not necessarily to scale,
emphasis instead being placed upon illustrating the principles
of the teachings. The drawings are not intended to limit the
scope of the present teachings in any way.

[0135] FIG. 1 shows a block diagram of a non-limiting
example system, according to the principles herein.

[0136] FIG. 2 shows a block diagram of a non-limiting
example system, according to the principles herein.

[0137] FIG. 3 shows a block diagram of a non-limiting
example system, according to the principles herein.

[0138] FIG. 4 shows a block diagram of a non-limiting
example system, according to the principles herein.

[0139] FIG. 5 shows a cross-section of an example appara-
tus or system, according to the principles described herein.
[0140] FIG. 6 shows a cross-section of an example layer
structure, according to the principles herein.

[0141] FIGS.7A-7D shows example apparatus or systems,
according to the principles herein.

[0142] FIG. 8 shows non-limiting examples of tissue con-
ditions that may be monitored using one or more of the
apparatus described herein, according to the principles
herein.
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[0143] FIGS. 9A and 9B show the ultraviolet-A and ultra-
violet-B wavelength regions, respectively, of response of
example UV sensors, according to the principles herein.
[0144] FIG. 10 shows a table of non-limiting example val-
ues of parameters from an operation of an apparatus or sys-
tem, according to the principles herein.

[0145] FIG. 11A shows non-limiting example apparatus,
according to the principles described herein.

[0146] FIG. 11B shows non-limiting example apparatus,
according to the principles described herein.

[0147] FIG. 12A shows non-limiting example apparatus,
according to the principles described herein.

[0148] FIG. 12B shows non-limiting example apparatus,
according to the principles described herein.

[0149] FIG. 13 shows an example apparatus, according to
the principles herein.

[0150] FIG. 14 shows example measurement of the induc-
tance (in units of pH) for a rectangular-shaped coils, accord-
ing to the principles herein.

[0151] FIGS. 15A and 15B show an example implementa-
tion of a method for calibrating a measurement of a sensor
component, according to the principles herein.

[0152] FIGS. 16A and 16B show an example implementa-
tion of a method for measurement of different UV blockers,
according to the principles herein.

[0153] FIG. 17 shows an example photodetector, according
to the principles herein.

[0154] FIG. 18 shows a non-limiting example photodetec-
tor, according to the principles herein.

[0155] FIG. 19 shows the absorption depth of electromag-
netic radiation in a silicon substrate, according to the prin-
ciples herein.

[0156] FIG. 20 shows the result of example measurements
of a photodetector based on a silicon substrate, according to
the principles herein.

[0157] FIG. 21 shows a non-limiting example of a hydra-
tion sensor, according to the principles herein.

[0158] FIG. 22 shows the hydration sensor of FIG. 21 elec-
trically coupled to an apparatus, according to the principles
herein.

[0159] FIG. 23 shows an example implementation of a
structure as described in connection with FIG. 22, according
to the principles herein.

[0160] FIGS. 24A-24] show a non-limiting example pro-
cess for fabricating an apparatus or system, according to the
principles herein.

[0161] FIG. 25 illustrates use of a patch with a handheld
device for monitoring tissue condition, according to the prin-
ciples herein.

DETAILED DESCRIPTION

[0162] Following below are more detailed descriptions of
various concepts related to, and examples of, methods and
apparatus for measuring electrical properties of tissue. It
should be appreciated that various concepts introduced above
and discussed in greater detail below may be implemented in
any of numerous ways, as the disclosed concepts are not
limited to any particular manner of implementation.
Examples of specific implementations and applications are
provided primarily for illustrative purposes.

[0163] As used herein, the term “includes” means includes
but not limited to, the term “including” means including but
not limited to. The term “based on” means based at least in
part on.
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[0164] Theapparatus and systems described herein provide
technology platforms that use ultra-thin components linked
with stretchable interconnects and embedded in low modulus
polymers which provide a match to biological tissue and other
types of surfaces. The technology platform implements high-
performance active components in new mechanical form fac-
tors.

[0165] In an example, an apparatus and system described
herein relates to the field of skin care using skin-mountable
(epidermal) electronics. The apparatus, systems and methods
described herein include sensors that can also be used to
provide information in non-biological systems. In particular,
the apparatus, systems and methods according to the prin-
ciples described herein can be used to provide an indication of
the exposure of a surface to electromagnetic radiation, the
SPF factor of a product applied to the surface, or a condition
of the surface. The surface can be of paper, wood, leather,
fabric (including artwork or other works on canvas), a plant or
atool.

[0166] In non-limiting example, the technology platforms
according to the principles described herein can be fabricated
based on foundry complimentary metal-oxide-semiconduc-
tor (CMOS) wafers and transferred to polymer-based and/or
polymer-coated carriers.

[0167] FIG. 1 shows a block diagram of a non-limiting
example system according to the principles herein. The
example system 100 includes at least one apparatus 102 that
can be used to provide a measurement of a property of a
surface. For example, the property can be an amount of elec-
tromagnetic radiation that the surface is exposed to. In this
example, the at least one apparatus 102 can be configured as
describe herein to perform a photo-detection measurement.
As another example, the property can be a measure of an
electrical property of the surface. In this example, the at least
one apparatus 102 can be configured as describe herein to
perform a capacitive-based measurement of the electrical
properties of tissue (e.g., to provide a measure e of the state of
hydration). The system 100 includes at least one other com-
ponent 104 that is coupled to the at least one apparatus 102. In
an example implementation, the at least one other component
104 can be a processing unit. In an example implementation,
the at least one component 104 can be configured to supply
power to the apparatus 102. For example, the at least one
component 104 can include a battery or any other energy
storage device that can be used to supply a potential. In an
example implementation, the system 100 can include at least
one component 104 for providing an indication of the mea-
surement made by the apparatus. In an example implementa-
tion, the at least one component 104 can include at least one
processor unit configured for analyzing the signal from the
apparatus. In an example implementation, the at least one
component 104 can be configured to transmit a signal from
the apparatus to an external system or device. For example,
the at least one component 104 can include a transmitter or a
transceiver configured to transmit a signal including data
measured by the apparatus measurement from the apparatus
to a hand-held device or other computing device. Non-limit-
ing examples of a handheld device include a smartphone, a
tablet, a slate, an e-reader, a digital assistant, or any other
equivalent device. As a non-limiting example, the hand-held
device or other computing device can include a processor unit
that is configured for analyzing the signal from the apparatus.
The at least one other component 104 can be a temperature
Sensor.
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[0168] FIG. 2 shows a block diagram of a non-limiting
example system 150 according another implementation of the
principles herein. The example system 150 includes at least
one apparatus 102 that can be used to perform a measurement
of an amount of exposure of a surface to electromagnetic
radiation or of the electrical properties of the surface through
a capacitive-based measurement\. In the non-limiting
example of FIG. 2, the at least one other component 104
includes an analog sensing block 152 that is coupled to the at
least one apparatus 102 and at least one processor unit 154
that is coupled to the analog sensing block 152. The at least
one other component 104 includes a memory 156. For
example, the memory 156 can be a non-volatile memory. As
a non-limiting example, the memory 156 can be mounted as
a portion of a RF chip. The at least one other component 104
also includes a transmitter or transceiver 158. The transmitter
or transceiver 158 can be used to transmit data from the
apparatus 102 to a handheld device or other computing device
(e.g., for further analysis). The example system 150 of FIG. 2
also includes a battery 160 and a charge regulator 162 coupled
to battery 160. The charge regulator 162 and battery 160 are
coupled to the processor unit 154 and memory 156.

[0169] A non-limiting example use of system 150 is as
follows. Battery 160 provides power for the apparatus 102 to
perform the measurements. The processor unit 154 activates
periodically, stimulates the analog sensing block 152, which
conditions the signal and delivers it to an A/D port on the
processor unit 154. The data from apparatus 102 is stored in
memory 156. In an example, when a near-field communica-
tion (NFC)-enabled handheld device is brought into proxim-
ity with the system 150, data is transferred to the handheld
device, where it is interpreted by application software of the
handheld device. The data logging and data transfer can be
asynchronous. For example, data logging can occur each
minute while data transfer may occur episodically.

[0170] FIG. 3 shows a block diagram of a non-limiting
example system 300 according another implementation of the
principles herein. Example system 300 is configured for data
logging. The example system 300 includes at least one appa-
ratus 102 that can be used to perform a measurement of an
amount of exposure of a surface to electromagnetic radiation.
In the example depicted in FIG. 3, apparatus 102 includes a
sensor component for detecting ultraviolet-A (UVA) electro-
magnetic radiation and another sensor component for mea-
suring ultraviolet-B (UVB) electromagnetic radiation. In
another example according to this implementation, apparatus
102 a capacitive-based measurement. In the non-limiting
example of FIG. 3, the at least one other component 104
includes an analog sensing block 302 that is coupled to the at
least one apparatus 102 and at least one processor unit 304
that is coupled to the analog sensing block 302. The at least
one other component 104 includes a memory 306. For
example, the memory 306 can be a non-volatile memory. As
a non-limiting example, the memory 306 can be mounted as
a portion of a RF chip. The at least one other component 104
also includes a transmitter or transceiver 308. The transmitter
or transceiver 308 can be used to transmit data from the
apparatus 102 to a handheld device or other computing device
(e.g., for further analysis). The example system 300 of FIG. 3
also includes a battery 310 and a charge regulator 312 coupled
to battery 310. The charge regulator 312 and battery 310 are
coupled to the processor unit 314 and memory 316.

[0171] A non-limiting example use of system 300 is as
follows. Battery 310 provides power for the apparatus 102 to

Aug. 8,2013

perform the measurements. The processor unit 304 activates
periodically, stimulates the analog sensing block 302, which
conditions the signal and delivers it to an A/D port on the
processor unit 304. The data from apparatus 102 is stored in
memory 306. In an example, when a near-field communica-
tion (NFC)-enabled handheld device is brought into proxim-
ity with the system 300, data is transferred to the handheld
device, where it is interpreted by application software of the
handheld device. The data logging and data transfer can be
asynchronous. For example, data logging can occur each
minute while data transfer may occur episodically.

[0172] In an example method of use of a system that
includes an apparatus described herein, a sensor component
of'the system can be maintained in a low power mode or a low
operation mode. For example, the sensor component can be
maintained in a “sleep” mode. At a specified interval of time,
a processor unit of the system can include machine readable
instructions that, when executed, causes the processor unit to
periodically control one or more other components of the
system and perform a measurement. For example, at regular
periodic intervals of time, a microcontroller of the system can
activate to cause the sensor to perform a sensor measurement
(including an analog measurement). In a non-limiting
example, the system includes a data logging component, and
the processor unit causes the data from the measurement to be
logged into a memory. In a non-limiting example, the system
includes a radio-frequency component, and the processor unit
causes the data from the measurement to be transferred to the
radio-frequency component. In a non-limiting example, the
radio-frequency component can include a Bluetooth compo-
nent. In a non-limiting example, the system includes a coil
structure, and the RF component transmits the data using the
coil structure. In a non-limiting example, the data can be
accesses or otherwise read-out using a near-field communi-
cation (NFC)-enabled handheld device that is brought in
proximity with the system. In this example, the data can be
read-out on-demand using the NFC-enabled handheld
device.

[0173] As described in connection with FIG. 3, an example
system according to the principles herein can be configured as
a self-contained system with power and wireless communi-
cation for monitoring the property of a surface, such as but not
limited to monitoring the amount of electromagnetic radia-
tion it is exposed to, or the sweat level of the tissue (which can
be related to its hydration level) and/or the disease of the
tissue).

[0174] FIG. 4 shows a block diagram of a non-limiting
example system 400 according another implementation of the
principles herein. Example system 400 is configured without
apower source. The example system 400 includes at least one
apparatus 102 that can be used to perform a measurement of
an amount of exposure of a surface to electromagnetic radia-
tion. In the example depicted in FIG. 4, apparatus 102
includes a sensor component for detecting ultraviolet-A elec-
tromagnetic radiation and another sensor component for mea-
suring ultraviolet-B electromagnetic radiation. In another
example according to this implementation, apparatus 102 a
capacitive-based measurement. In the non-limiting example
of FIG. 4, the at least one other component 104 includes an
analog sensing block 402 that is coupled to the at least one
apparatus 102 and at least one processor unit 404 that is
coupled to the analog sensing block 402. The at least one
other component 104 includes a memory 406. For example,
the memory 406 can be a non-volatile memory. As a non-
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limiting example, the memory 406 can be mounted as a por-
tion of a RF chip. The at least one other component 104 also
includes a transmitter or transceiver 408. The transmitter or
transceiver 408 can be used to transmit data from the appa-
ratus 102 to a handheld device or other computing device
(e.g., for further analysis). The example system 400 of FIG. 4
also includes a charge regulator 412. The charge regulator
412 is coupled to the processor unit 414 and memory 416.
[0175] A non-limiting example use of system 400 is as
follows. An external power source, such as through inductive
coupling, provides power for the apparatus 102 to perform the
measurements. The processor unit 404 activates, stimulates
the analog sensing block 402, which conditions the signal and
delivers it to an A/D port on the processor unit 404. The data
from apparatus 102 is stored in memory 406. In an example,
when a near-field communication (NFC)-enabled handheld
device is brought into proximity with the system 400 to pro-
vide power through inductive coupling, data is transferred to
the handheld device, where it is interpreted by application
software of the handheld device. Data transfer can occur.
[0176] In a non-limiting example, the system 100, system
150, system 300 or system 400 can be mounted on a backing,
such as but not limited to a patch. The backing is disposed
over the tissue to be measured.

[0177] In a non-limited example, at least a portion of the
system 100, system 150, system 300, system 400, or any fthe
apparatus described herein may be disposed on a substrate. As
used in any of the example methods, systems or apparatus
described herein, the term “disposed on” is defined to encom-
pass “at least partially embedded in.” The substrate can be
formed of any flexible material, such as but not limited to a
polymer-based material. In an example, the flexible substrate
can be formed from a polydimethylsiloxane (PDMS). In an
example, the substrate has a Young’s modulus of about 10
GPa or less.

[0178] Inanother non-limited example, at least a portion of
the system 100, system 150, system 300, system 400, or any
fthe apparatus described herein may be covered by an encap-
sulation layer. The encapsulation layer can be formed from a
polymer-based material. For example, the encapsulation
layer can be formed from an elastomer, such as but not limited
to, a polydimethylsiloxane (PDMS) or a silicone (including
SORTACLEAR® silicone, SOLARIS® silicone, or ECOF-
LEX® silicone (all available from Smooth-On, Inc., Easton,
Pa.). In an example, the encapsulation layer has a Young’s
modulus of about 100 MPa or less. In an example implemen-
tation where an apparatus is configured to detect electromag-
netic radiation in the visible region of the electromagnetic
spectrum, an encapsulation layer formed from a polyimide
may be used (since a polyimide can be configured to absorb
ultraviolet electromagnetic frequencies).

[0179] FIG. 5 shows a cross-section of an example appara-
tus or system according to the principles described herein.
The example structure includes a substrate 502, an encapsu-
lation layer 504, and a device layer 506. The device layer 506
includes at least one sensor component 508. In an example,
the device layer 506 can include at least one CMOS compo-
nent 510, such as but not limited to an amplifier, a multiplexer,
a data signal filter, or a passive element. In an example, the
device layer 506 can include at least one microcontroller and
at least one radio component.

[0180] In an example, the thickness of the encapsulation
layer and substrate can be configured such that a device layer
including any of the systems or apparatus according to the
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principles herein lies at a neutral mechanical plane (NMP) or
neutral mechanical surface (NMS) of the system or apparatus.
The NMP or NMS lies at the position through the thickness of
the device layers for the system or apparatus where any
applied strains are minimized or substantially zero. In an
example, the NMP or NMS can be positioned at or near a
midpoint of a depth of the system or apparatus. The location
of the NMP or NMS can be changed relative to the structure
of the system or apparatus through introduction of materials
that aid in strain isolation in the components of the system or
apparatus that are used to perform the electrical measure-
ments of the tissue. For example, the thickness of encapsu-
lating material disposed over the system or apparatus
described herein may be modified (i.e., decreased or
increased) to depress the system or apparatus relative to the
overall system or apparatus thickness, which can vary the
position of the NMP or NMS relative to the system or appa-
ratus. In another example, the thickness of the substrate of the
apparatus can be used to vary the position of the NMP or NMS
relative to the system or apparatus. In another example, the
type of encapsulating material, including any differences in
the elastic (Young’s) modulus of the encapsulating material
versus the substrate material, can be used to position the NMP
or NMS.

[0181] FIG. 6 shows a cross-section of an example layered
structure 600 that includes a substrate 602, an encapsulation
layer 604, and a device layer 606. The NMP of example
structure 600 is indicated by the line going through the struc-
ture. As indicated in the FIG. 6, the thickness and type of
materials of substrate 602 and encapsulation layer 604 can be
chosen such that at least a portion of device layer 606 is
positioned at the NMP of the overall structure. In this
example, the NMP lies at positioned at or near a midpoint of
a depth of the example structure 600.

[0182] FIGS. 7A-7D shows example apparatus or systems
according to the principles herein that are disposed on at least
a portion of different types of surfaces. In FIG. 7A, the
example apparatus or system is disposed on a portion of the
surface of paper. In FIG. 7B, the example apparatus or system
is disposed on a portion of the surface of leather. In FIG. 7C,
the surface is vinyl, and in FIG. 7D, the surface is a fabric. In
an example, the surface that is measured using a sensor com-
ponent described herein is a surface of fabric such as artwork,
vegetation (such as a plant), a tool surface (including other
types of equipment), paper, wood, or fabric (including art-
work or other works on canvas).

[0183] An apparatus or system according to the principles
described herein can be used to monitor tissue condition in
conjunction with a wide range of other on-body sensors.
Non-limiting examples of tissue conditions that may be
monitored using one or more of the apparatus described
herein are shown in FIG. 8. For example, an apparatus or
system herein can include at least one sensor component
according to the principles herein for measuring an amount of
visible or UV light exposure of the tissue, or an amount of sun
protection factor (SPF) provided by a product applied to the
tissue. As yet another example, an apparatus herein can be
configured to include at least one hydration sensor for mea-
suring a hydration level of the tissue. As another example, an
apparatus herein can be configured to include at least one
temperature sensor for measuring the temperature of the tis-
sue.

[0184] The apparatus and systems of the technology plat-
form described herein support conformal electronics that can
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be used to log sensor data at very low power levels over
extended periods, while providing wireless communication
with external computing devices (including handheld
devices). The conformal electronics include on-body elec-
tronics and electronics that conform to other surfaces (includ-
ing paper, wood, leather, fabric (including artwork or other
works on canvas), a plant or a tool).

[0185] The technology platform described herein supports
conformal electronics that can be used to monitor an amount
of electromagnetic radiation that a surface is exposed to. Inan
example, the sensor components are UV sensor that allow the
continuous recording of UVA and UVB exposure. In a non-
limiting example, a system or apparatus described herein can
be configured as a visible/UV sensor that records the amount
of electromagnetic radiation that a surface is exposed to, and
transmits the data measurement to an external computing
device (including a handheld device).

[0186] FIGS. 9A and 9B show the wavelength regions of
response of UV sensors according to the principles herein
when exposed to sunlight. FIG. 9A shows the response for a
sensor component configured to respond to UVA wave-
lengths (from roughly 400 to roughly 280 nm). FIG. 9B
shows the response for a sensor component configured to
respond to UVB wavelengths (from roughly 325 to roughly
220 nm).

[0187] The table in FIG. 10 shows non-limiting example
values for sleep current, active current, and mean current (in
units of (LA)) from an operation of an apparatus or system
according to this example. The table shows a power budget
for the system as a function of time for different intervals of
sample time. In this example system, the operational ampli-
fiers (op-amps) and RF chip 12C interface can be shut down
between read operations, thereby taking no standby power.
Based on these results, a 12 pAh battery (such as available
from Cymbet Corporation), with a bare die footprint of 2.8x
3.5 mm, can be used to support over a day of operation,
depending on length of sampling interval.

[0188] FIG. 11A shows non-limiting example apparatus
1100 according to the principles described herein. The appa-
ratus 1100 includes a flexible substrate 1102, a sensor com-
ponent 1104 disposed on the flexible substrate and a process-
ing unit 1106 in communication with the sensor component.
The sensor component 1104 measures an amount of electro-
magnetic radiation incident on its exposed surface, where the
electromagnetic radiation has frequencies in the visible or
ultraviolet regions of the electromagnetic spectrum. As
shown in FIG. 11A, apparatus 1100 also includes at least one
cross-link structure 1108 that physically couples to a portion
of the processing unit 1106. There is also at least one cross-
link structures 1110 that physically couples to a portion of the
sensor component 1110. The cross-link structure are formed
from a dielectric material. The apparatus 1100 can be dis-
posed on a surface of a tissue, an object or an item to be
monitored. For example, the surface to be monitored can be a
portion of paper, wood, leather, fabric (including artwork or
other works on canvas), a plant or a tool. A measure of the
amount of electromagnetic radiation incident on the sensor
component can be used to provide an indication of an amount
of exposure of the surface to the electromagnetic radiation.
[0189] The flexible substrate 1102 can be formed from a
polymer-based material. For example, the substrate can be
formed from an elastomer, such as but not limited to PDMS or
a silicone-based material. As other non-limiting examples,
the flexible substrate 1102 can be formed from a flexible
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plastic, paper, or fabric. In an example, the flexible substrate
has a Young’s modulus of less than about 10 GPa.

[0190] According to the principles herein, the cross-link
structures shown and/or described in any of the apparatus or
systems herein are used to provide mechanical stability to the
apparatus or system. For example, given that the substrate of
the apparatus is flexible (that is, not rigid), the apparatus or
system can be subjected to bending, torsion, elongation, com-
pression, deformation, or other such forces during use. These
forces can change a form factor of the apparatus or system. In
another example, these forces can cause some components of
the system or apparatus to be moved out of alignment, which
can cause certain electrical interconnects between the com-
ponents to be weakened or damaged, thereby affecting the
performance of the apparatus or system. The cross-link struc-
tures described herein are disposed at selected regions of the
apparatus or system to provide mechanical stability to the
structure against these externally applied forces. For
example, one end of a cross-link structure can be physically
coupled to a portion of a component of the apparatus or
system and the other end can be coupled to another compo-
nent, or to the substrate.

[0191] The cross-link structures according to any of the
example systems or apparatus herein also can be formed from
a polymer-based material. For example, the cross-link struc-
ture can be formed from PDMS, a silicone, or any other
applicable elastomer. As another example, the cross-link
structure can be formed from a polyimide. In an example, the
flexible substrate and the cross-link structure can be formed
from the same material. In another example, the flexible
substrate and the cross-link structure can be formed from
different materials.

[0192] Inthe non-limiting example of FIG. 11A, cross-link
structures 1108 and 1110 physically couple a component
(1104 or 1106) to a portion of substrate 1102. In another
example, cross-link structures may be used to physically
couple sensor component 1104 to processing unit 1106.

[0193] The apparatus 1100 may include a memory in com-
munication with sensor component 1104 to stores any data
from a measurement. For example, the data can be indicative
of measurements of the amount of electromagnetic radiation
incident on sensor component 1104. In an example, the
memory may store machine readable instructions that cause
the processing unit 1106 to analyze the measurement data to
provide an indication of the amount of exposure of the surface
to the electromagnetic radiation.

[0194] The apparatus 1100 may include a brace structure
formed from a dielectric material to which the cross-link
structures may be physically coupled. For example, the brace
structure may be formed as a coil or looped structure on the
flexible substrate, an end of one or more of the cross-link
structures can be physically coupled to it, and the other end of
the cross-link structure(s) can be physically coupled to a
portion of sensor component 1104 and/or to a portion of
processing unit 1106. As an example, feature 1112 of FIG.
11A may be formed as a brace structure (as opposed to being
aportion of substrate 1102). The combined action of the brace
structure and the cross-link structure(s) may enhance the
mechanical stability to the apparatus or system against exter-
nally applied forces (as described above).

[0195] The brace structure also can be formed from a poly-
mer-based material, such as but not limited to a polyimide,
PDMS, a silicone, or other applicable elastomer.
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[0196] In different examples, the brace structure and the
cross-link structure may be formed from the same material or
they may be formed from different materials.

[0197] FIG. 11B shows another example apparatus 1150
that includes flexible substrate 1102, sensor component 1104
disposed on the flexible substrate 1102, a processing unit
1106 in communication with the sensor component 1104, and
a coil structure 1107 disposed on the substrate. Coil structure
1107 is formed from a conductive material and can be used as
an antenna. Coil structure 1107 has a rectangular shape in this
example. However, coil structure 1107 can be polygonal-
shaped, circular-shaped, square-shaped or any other geomet-
ric shape.

[0198] In any example apparatus, method or system
described herein, the coil structure can be formed from a
metal, such as but not limited to, Al or a transition metal
(including Au, Ag, Cr, Cu, Fe, Ir, Mo, Nb, Pd, Pt, Rh, Ta, Ti,
V, W or Zn), or any combination thereof, or a doped semi-
conductors, including any conductive form of Si, Ge, or a
Group III-IV semiconductor (including GaAs, InP).

[0199] As shown in FIG. 11B, coil 1107 includes at least
one corrugated portion 1112. For example, the corrugated
portion can have a zig-zag-shaped, serpentine-shaped,
grooved-shaped, or rippled structure.

[0200] In the example of FIG. 11B, the sensor component
1104 and the processing unit 1106 are surrounded by coil
structure 1107. In another example, either the sensor compo-
nent 1104 or the processing unit 1106 may be positioned
outside of the coil structure 1107. Any description above in
connection with the components or features of FIG. 11A are
also applicable to the equivalent features or components of
FIG. 11B. In an example, the cross-link structures 1108,1110
may link to portions of the coil structure 1107 that are closer
to the center. In another example, the cross-link structures
1108, 1110 may link to the outer portions of the coil structure
1107.

[0201] In various example implementations, coil structure
1107 can be used to transmit a RF signal from the apparatus
1150 to an external device or can be used to receive a signal
from the device external. For example, apparatus 1150 may
also include a radio-frequency component in communication
with the coil structure 1107 and/or the processing unit 1106.
The radio-frequency component can use the coil structure
1107 to transmit the measured amount of electromagnetic
radiation incident on the sensor component 1104 and/or the
indication of the amount of exposure of the surface (on which
the apparatus 1150 is disposed) to the electromagnetic radia-
tion. In an example, the radio-frequency component can be a
BLUETOOTH® component (Bluetooth SIG, Kirkland,
Wash.).

[0202] Inanon-limited example, at least a portion of appa-
ratus 1150 is covered by an encapsulation layer. The encap-
sulation layer can be formed from a polymer-based material.
For example, the encapsulation layer can be formed from an
elastomer, such as but not limited to, a polydimethylsiloxane
(PDMS) or a silicone (including SORTACLEAR® silicone,
SOLARIS® silicone, or ECOFLEX® silicone (all available
from Smooth-On, Inc., Easton, Pa.). In an example, the
encapsulation layer has a Young’s modulus of about 100 MPa
or less. In an example implementation where an apparatus is
configured to detect electromagnetic radiation in the visible
region of the electromagnetic spectrum, an encapsulation
layer formed from a polyimide may be used (since a polyim-
ide can be configured to absorb ultraviolet electromagnetic
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frequencies). As described above, the thickness of the encap-
sulation layer and flexible substrate 1102 and type of materi-
als used for the encapsulation layer and flexible substrate
1102 can be selected such that the sensor component 1104
and the processor unit are positioned at or near a midpoint of
a depth of the apparatus (i.e., near a NMP).

[0203] Inanexample, portions of the flexible substrate can
include an adhesive. The adhesive can be used to attach the
portions of the flexible substrate to the surface.

[0204] Sensor component 1104 may include a photodetec-
tor. Non-limiting examples of applicable photodetectors
include a silicon-based photodetector, a silicon carbide-based
photodetector, a germanium-based photodetector, a gallium
nitride-based photodetector, an indium gallium nitride-based
photodetector and an aluminum gallium nitride-based photo-
detector. In an example, sensor component 1104 may be a
photodetector that includes one or more p-n junctions.
[0205] Theapparatus 1100 or 1150 may include at least one
filter that is disposed above sensor component 1104 in the
areas exposed to the electromagnetic radiation. A measure of
the electromagnetic radiation using the filter(s) and the at
least one sensor component can be used to provide a measure
of'the amount of ultraviolet-A electromagnetic radiation and/
or ultraviolet-B electromagnetic radiation incident on the
surface.

[0206] In an example implementation, the apparatus 1100
or 1150 can include two sensor component, wherein one of
the sensor components is stacked over the other sensor com-
ponent to provide a stacked sensor component. In this
example, a comparison of a measure of the electromagnetic
radiation using the stacked sensor component to a measure of
the electromagnetic radiation using another of the at least one
sensor components can be used to provide a measure of the
amount of ultraviolet-A electromagnetic radiation and/or
ultraviolet-B electromagnetic radiation incident on the sur-
face.

[0207] The measure of the amount of exposure of the sur-
face of a surface to the electromagnetic radiation can be used
to provide a measure of a level of SPF protection of the
surface (e.g., of a product applied to the surface). For
example, a comparison of a measurement of the electromag-
netic radiation made using a sensor component that includes
an ultraviolet filter to a measurement of the electromagnetic
radiation using another of the at least one sensor components
having no ultraviolet filter can be used to provide the measure
of a level of SPF protection of the tissue.

[0208] In a non-limiting example, the apparatus 1150 can
include an amplifier in electrical communication with the at
least one sensor component. The amplifier can be used to
amplify the signal from the measurement of the sensor com-
ponent 1104 before it is analyzed by the processor unit 1106.
[0209] An example system for monitoring exposure of a
surface to electromagnetic radiation is also provided. The
example system includes an apparatus according to any of the
principles described herein and a reader device. The reader
device can be used to receive from the apparatus data indica-
tive of the measure of the amount of electromagnetic radia-
tion incident on the sensor component and/or the indication of
the amount of exposure of the surface to the electromagnetic
radiation. The surface can be a portion of paper, wood,
leather, fabric (including artwork or other works on canvas),
a plant or a tool

[0210] In an example, the reader can include a coupling
member. When the coupling member is electrically coupled
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to a portion of the apparatus, the reader device receives the
data indicative of the measure of the amount of electromag-
netic radiation incident on the at least one sensor component
and/or the indication of an amount of exposure of the surface
to the electromagnetic radiation.

[0211] The reader device can be a near-field communica-
tion (NFC)-enabled handheld device. In an example, when a
near-field communication (NFC)-enabled handheld device is
brought into proximity with the system 150, data is trans-
ferred to the handheld device, where it is interpreted by appli-
cation software of the handheld device. In another example,
the data can be analyzed using the processor of the apparatus,
and the result of the analysis can be transferred to the hand-
held device, such as the indication of the amount of exposure
of'the surface to the electromagnetic radiation or a value of an
SPF protection from a product applied to the surface.

[0212] FIG. 12A shows another example apparatus 1200
that includes sensor component 1204, coil structure 1207, and
cross-link structures 1208. Any description above in connec-
tion with the components or features of FIG. 11A or 11B are
also applicable to the equivalent features or components of
FIG. 12A. As shown in FIG. 12A, cross-link structure physi-
cally couples a portion of the sensor component 1204 to a
portion of the coil structure 1207. The cross-link structures
are formed from a flexible material that is non-conductive. In
an example, the cross-link structures 1208, 1210 may link to
portions of the coil structure 1207 that are closer to the center.
In another example, the cross-link structures 1208, 1210 may
link to the outer portions of the coil structure 1207. The
measure of the amount of electromagnetic radiation incident
on the sensor component 1204 provides an indication of the
amount of exposure of the surface to the electromagnetic
radiation.

[0213] Inthe example of FIG. 12A, the coil structure 1207
surrounds sensor component 1204. In another example, the
sensor component 1204 may be positioned outside of the coil
structure 1207. FIG. 12B shows another example apparatus
1250 that includes sensor component 1204, coil structure
1207, and cross-link structures 1208. In this example, the
sensor 1204 is positioned outside the coil structure 1207.
[0214] In different examples, the sensor component 1204
can include a photodetector, a hydration sensor, a temperature
structure, or any type of sensor.

[0215] Coil structure 1207 (shown in FIGS. 12A and 12B)
is formed from a conductive material and can be used as an
antenna. In these examples, coil structure 1207 has a circular
shape. However, coil structure 1207 can be polygonal-
shaped, square-shaped, rectangular-shaped, or any other geo-
metric shape. In an example, coil 1207 can include corrugated
portions, including portions having a zig-zag shape, a serpen-
tine shape, a grooved shape, or a rippled structure.

[0216] Example apparatus 1200 or 1250 can include a pro-
cessing unit. In an example, the processing unit can be used to
analyze the measure of the amount of electromagnetic radia-
tion incident on the sensor component 1204 to provide the
indication of the amount of exposure of the surface to the
electromagnetic radiation. In this example, apparatus 1200 or
1250 can include a radio-frequency component in communi-
cation with the coil structure 1207 and the processing unit.
The radio-frequency component can be used to transmit the
measure of the amount of electromagnetic radiation incident
on the at least one sensor component and/or the indication of
an amount of exposure of the surface to the electromagnetic
radiation using the at least one coil structure.
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[0217] In another example, example apparatus 1200 or
1250 can include a flexible substrate, where sensor compo-
nent 1204 and coil structure 1207 are disposed on the flexible
substrate. The flexible substrate can be a polymer, as
described in connection with FIG. 11A or 11B. In different
examples, the flexible substrate and the cross-link structure
can be formed from the same material or from different mate-
rials. In an example, portions of the flexible substrate can
include an adhesive. The adhesive can be used to attach the
portions of the flexible substrate to the surface.

[0218] Coil structure 1107 can be used to transmit a RF
signal from the example apparatus 1200 or 1250 to an exter-
nal device or can be used to receive a signal from the device
external. For example, example apparatus 1200 or 1250 may
also include a radio-frequency component in communication
with the coil structure 1207. The radio-frequency component
can use the coil structure 1207 to transmit the measured
amount of electromagnetic radiation incident on the sensor
component 1104 and/or the indication of the amount of expo-
sure of the surface (on which the apparatus 1250 is disposed)
to the electromagnetic radiation. In an example, the radio-
frequency component can be a BLUETOOTH® component
(Bluetooth SIG, Kirkland, Wash.).

[0219] In a non-limited example, at least a portion of
example apparatus 1200 or 1250 is covered by an encapsula-
tion layer. The encapsulation layer can be formed from a
polymer-based material as described above. Where an appa-
ratus is configured to detect electromagnetic radiation in the
visible region of the electromagnetic spectrum, an encapsu-
lation layer formed from a polyimide may be used. As
described above, the example apparatus 1200 or 1250 can be
configured such that the sensor component 1204 is positioned
at or near a midpoint of a depth of example apparatus 1200 or
1250 (i.e., near a NMP).

[0220] Sensor component 1204 may include a photodetec-
tor. Non-limiting examples of applicable photodetectors
include a silicon-based photodetector, a silicon carbide-based
photodetector, a germanium-based photodetector, a gallium
nitride-based photodetector, an indium gallium nitride-based
photodetector and an aluminum gallium nitride-based photo-
detector. In an example, sensor component 1204 may be a
photodetector that includes one or more p-n junctions.
[0221] Theapparatus 1200 or 1250 may include at least one
filter that is disposed above sensor component 1104 in the
areas exposed to the electromagnetic radiation. A measure of
the electromagnetic radiation using the filter(s) and the at
least one sensor component can be used to provide a measure
ofthe amount of ultraviolet-A electromagnetic radiation and/
or ultraviolet-B electromagnetic radiation incident on the
surface.

[0222] In an example implementation, the apparatus 1200
or 1250 can include two sensor component, wherein one of
the sensor components is stacked over the other sensor com-
ponent to provide a stacked sensor component. In this
example, a comparison of a measure of the electromagnetic
radiation using the stacked sensor component to a measure of
the electromagnetic radiation using another of the at least one
sensor components can be used to provide a measure of the
amount of ultraviolet A electromagnetic radiation and/or
ultraviolet B electromagnetic radiation incident on the sur-
face.

[0223] The measure of the amount of exposure of the sur-
face of a surface to the electromagnetic radiation can be used
to provide a measure of a level of SPF protection of the
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surface (e.g., of a product applied to the surface). For
example, a comparison of a measurement of the electromag-
netic radiation made using a sensor component that includes
an ultraviolet filter to a measurement of the electromagnetic
radiation using another of the at least one sensor components
having no ultraviolet filter can be used to provide the measure
of a level of SPF protection of the tissue.

[0224] In a non-limiting example, the example apparatus
1200 or 1250 can include an amplifier in electrical commu-
nication with the at least one sensor component. The amplifier
can be used to amplify the signal from the measurement of the
sensor component 1204 before it is analyzed by the processor
unit 1206.

[0225] FIG. 13 shows an example apparatus 1300 that
includes flexible substrate 1302, two sensor components
(1304-a and 1304-5) disposed on the flexible substrate 1302,
a processing unit 1306 in communication with the sensor
component 1304, and a coil structure 1307 disposed on the
substrate. Coil structure 1307 is formed from a conductive
material and can be used as an antenna. Coil structure 1307
can be polygonal-shaped, circular-shaped, square-shaped or
rectangular-shaped.

[0226] As shown in FIG. 13, coil 1307 includes corrugated
portions 1312. For example, the corrugated portion can have
a zig-zag-shaped, serpentine-shaped, grooved-shaped, or
rippled structure.

[0227] Inthis example, the sensor component 1304 and the
processing unit 1306 are surrounded by coil structure 1307. In
another example, either the sensor component 1304 or the
processing unit 1306 may be positioned outside of the coil
structure 1307. Any description above in connection with the
components or features of FIG. 11A, 11B, 12A or 12B are
also applicable to the equivalent features or components of
FIG. 13. In an example, the cross-link structures 1308, 1310
may link to portions of the coil structure 1307 that are closer
to the center. In another example, the cross-link structures
1308, 1310 may link to the outer portions of the coil structure
1307.

[0228] Inthis example, apparatus 1300 also includes a bat-
tery 1314, a charging regulator 1316, and a RF component
1318. As shown in FIG. 13, electrical interconnect structures
electrically connect the RF component with the processing
unit 1306. Battery 1314 provides power to the various com-
ponents of apparatus 1300. Coil structure 1307 is used to
transmit a RF signal from the apparatus 1200 to an external
device and/or to receive a signal from the device external. The
radio-frequency component can use the coil structure 1307 to
transmit the measured amount of electromagnetic radiation
incident on the sensor component 1304 and/or the indication
of'the amount of exposure of the surface (on which the appa-
ratus 1300 is disposed) to the electromagnetic radiation.
[0229] As described above, the coil structures described
herein can be used as antenna structures. The corrugated
portions of'the coil structure allow the apparatus to be stretch
with out adversely affecting the inductance properties of the
coil. FIG. 14 shows measurement of the inductance (in units
of microHenry (uH)) for a rectangular-shaped coil that does
not include corrugated portions and a rectangular-shaped coil
that includes corrugated portions versus the number of turns
of the coils. As shown in FIG. 14, the inductance of the
corrugated coil does not change appreciably from that for the
straight coil.

[0230] FIGS. 15A and 15B show an example implementa-
tion of a method for calibrating a measurement of a sensor
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component. Measurements can be made using a sensor com-
ponent that has at least one filter in the path between the
sensor component and the electromagnetic radiation. In the
example of FIG. 15A, measurements are made using a sensor
component 1504 that has two filters 1504, 1506 positioned in
the path between the sensor component and the electromag-
netic radiation. Multiple combinations of OD0.3, OD1 filters
can be used. FIG. 16B shows a plot of the electrical versus
optical attenuation in the structures Direct and linear corre-
lation between optical power on sensor and electrical output
is observed.

[0231] FIGS.16A and 16B show an example implementa-
tion of a method for measurement of different UV blockers
using the sensor components described herein. Measure-
ments can be made using a sensor component that has at least
one UV blocker in the path between the sensor component
and the electromagnetic radiation. The plot of FIG. 16B
shows the values of the measurement of UVA and UVB
blocking capability of sunglasses, silicone, a WG320 filter
and KAPTON® (DuPont, Wilmington, Del.). The results
indicate that silicone encapsulation can be transmissive,
while KAPTON® is strongly blocking. The WG320 filter is
observed to discriminate UVB vs. UVA. Sunglasses are
equivalent to a SPF of 2.2.

[0232]

[0233] As discussed above in connection with any of the
example apparatus, systems or methods, the sensor compo-
nent can be a photodetector.

[0234] A number of apparatus, systems, and methods
herein use optical detection. Non-limiting example applica-
tions include UV sensing for sun protection, infra red (IR)
detection to support medical applications in the “therapeutic
window”, IR detection to allow input via remote controls
(such as for TV), and response to room lighting.

[0235] FIG. 17 shows an example photodetector 1702 that
can be used as a sensor component in any of the systems,
methods and apparatus described herein. The photodetector
1702 is formed from a photosensitive substrate. In a non-
limiting example, a change in a measured electrical property
of the substrate can be used to provide a measure of the
amount of electromagnetic radiation 1708 that the photode-
tector 1702 is exposed to. A filter 1706 may be used with the
photodetector 1702 to selectively exclude electromagnetic
radiation that is outside the wavelength range of interest.

[0236] A conformal system for such sensing applications
can be constructed based on stretchy CMOS. In non-limiting
examples, the photodetector may be formed based on a sili-
con, a silicon carbide, a germanium, a gallium nitride, an
indium gallium nitride, or an aluminum gallium nitride sub-
strate.

[0237] FIG. 18 shows a non-limiting example photodetec-
tor 1800 according to the principles herein. Photodetector
1800 can be incorporated into any of the sensor components,
apparatus, or systems described herein and be used for detect-
ing electromagnetic radiation. Example photodetector 1800
is formed in a substrate 1802. Substrate 1802 has a surface
1804 that is exposed to electromagnetic radiation. Photode-
tector 1800 includes an electron collector region 1806 and a
hole collector region 1808 disposed in the substrate. A poten-
tial well region 1810 is disposed in the substrate and sur-
rounds at least a portion of the electron collector region 1806
and at least a portion of the hole collector region 1808. A

Photodetection Sensors



US 2013/0200268 Al

portion of the potential well region 1810 is disposed between
the electron collector region 1806 and the hole collector
region 1808.

[0238] The electron collector region 1806 can be posi-
tioned proximate to the surface of the substrate 1802 or can be
embedded in the substrate 1802. The hole collector region
1808 can be positioned proximate to the surface of the sub-
strate 1802 or can be embedded in the substrate 1802.
[0239] As non-limiting examples, substrate 1802 can be
formed from a silicon, a silicon carbide, a germanium, a
gallium nitride, an indium gallium nitride, or an aluminum
gallium nitride material.

[0240] The electron collector region 1806 is formed from a
n+-type material (i.e., highly-donor-doped semiconductor
material). The hole collector region 1808 is formed from a
p+-type material (i.e., highly-acceptor-doped semiconductor
material).

[0241] The potential well region 1810 can be formed from
a donor doped semiconductor material (n-type material) if the
substrate 1802 is a p-type semiconductor material. If the
substrate 1802 is a n-type semiconductor material, the poten-
tial well region 1810 can be formed from an acceptor doped
semiconductor material (p-type material).

[0242] In an example where the potential well region 1810
is formed from a donor doped semiconductor material and the
substrate 1802 is a p-type semiconductor material, the poten-
tial well region 1810 has a lower concentration of dopants
than the electron collector region 1806. In an example where
the potential well region 1810 is formed from an acceptor
doped semiconductor material and the substrate 1802 is a
n-type semiconductor material, the potential well region 1810
has a lower concentration of dopants than the hole collector
region 1806.

[0243] The substrate 1802 can have a thickness (d,) of
about 10 microns (um), about 5 microns, about 3 microns,
about 2 microns, about 1 micron, or less than about 1 micron.
[0244] The potential well region 1810 can have a thickness
(d,) less than or approximately equal to the thickness of the
substrate 1802. For example, the potential well region 1801
can have a thickness (d,) less than about 1 micron, about 1
micron, about 3 microns, about 4 microns, or greater than
about 4 microns.

[0245] The electron collector region 1806 or the hole col-
lector region 1808 can have a thickness (d;) less than or
approximately equal to the thickness of the potential well
region 1810. For example, the electron collector region 1806
orthe hole collector region 1808 can have a thickness (d,) less
than about 1 micron, about 1 micron, about 2 microns, about
3 microns, or greater than about 3 microns.

[0246] When an incoming photon (electromagnetic radia-
tion) is absorbed, it excites an electron-hole pair. The electron
collector region 1806 and the hole collector region 1808 help
to separate the holes from the electrons, providing photo-
sensing activity. Any change in the carrier concentration, and
hence the electrical properties, in the electron collector region
1806 and/or the hole collector region 1808 can be quantified
as a measure of the amount of electromagnetic radiation that
was absorbed. The amount of electromagnetic radiation that
the photodetector is exposed to can be quantified based on the
measure of the amount of electromagnetic radiation absorbed
in the electron collector region 1806 and/or the hole collector
region 1808. The electron collector region 1806 and the hole
collector region 1808 can be so heavily doped that photo-
carriers generated inside them (based on photon absorption)
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recombines before they can be collected, and hence not quan-
tified. Photo-carriers generated in the potential well region
1810 are collected in the hole collector region 1808 (for holes
as carriers) or the electron collector region 1806 (for electrons
as carriers).

[0247] Inanon-limiting example, the photodetector can be
produced based on silicon. FIG. 19 shows the absorption
depth of silicon over a wide range of wavelengths. The ver-
tical axis is the absorption depth, i.e., a measure of the depth
over which about 1/e of the incoming electromagnetic radia-
tion energy is absorbed. About 85% of the energy is absorbed
in two absorption depths, and only 5% goes beyond three
absorption depths. The curve of FIG. 18 also can be used to
estimate of the thickness of silicon for absorbing about 30%
of'the incoming energy, or about half the thickness for absorb-
ing about 85% of the energy. As shown in FIG. 18, longer
wavelengths of electromagnetic radiation have a longer
absorption depth, until a wavelength (A) of about 300 nm (at
which there is a slight change in the behavior of the UV
absorption curve. A silicon layer of over 1 cm thickness is
needed to absorb appreciable amounts of electromagnetic
radiation of around 1000 nm wavelength. The response of the
human eye is represented schematically by the shorter curve
ranging from 400 nm to 700 nm, to indicate the visible region
of the electromagnetic spectrum.

[0248]
region 1810 to first order can be expressed as 1-e
where d(A) is the wavelength dependent absorption depth
(specific to different materials, such as silicon in FIG. 19), and
Xw is the well depth. The bulk of the substrate may also serve
as a photo-detector, if surface losses are not too high. The QE
of the total thickness of the substrate, where the carriers are
collected through lateral collection to the collector regions, is
1-e~*59™ where X i, is the substrate thickness. The QE of the
electron collector region 1806 and the hole collector region
1808 is e/ _e=XWdM where X, is the depth of the electron
collector region 1806 and the hole collector region 1808.

[0249] FIG. 20 shows the result of example measurements
of'a photodetector according to the principles herein based on
a silicon substrate. The efficiency refers to the response to
light falling exclusively on an exposed surface including that
type. In an example, any area of the photodetector that is not
intended to be exposed to electromagnetic radiation can be is
covered with a high reflectivity material, such as but not
limited to a metal.

[0250] The example photodetector of FIG. 20 has a sub-
strate thickness of about 5 microns, a potential well thickness
of about 3 microns, and a hole collector region and electron
collector region of thickness about 0.6 microns. The QE
decreases rapidly above about 500 nm, indicating that this
example photodetector may perform better as a UV sensor
than as an IR sensor. The minimal absorption above 450 nm
means a 5 pm film can be close to transparent in appearance,
with a red to yellow tinge to the human eye.

[0251] With knowledge of the difference between the hole
collector region/electron collector region and the potential
well region, an algorithm can be calibrated to the data to
distinguish the separate components of the amount of UVA
and amount UVB absorbed in the signal.

[0252] In another example, a filter can be deposited by
repetitive deposition of dielectrics, to create a Fabry-Perot
reflector. For instance, a sandwich of oxide/poly/oxide/poly/
oxide/poly can be deposited to create a strong filter fora UVA

The quantum efficiency (QE) of the potential well
—X,/d(%)
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wavelength, while another such sandwich structure of differ-
ent layer thicknesses can be used for UVB wavelengths.
[0253] Inanexample implementation, a transistor based on
this example silicon structure can be used to create a photo-
pixel. The photo-current over a period of time can be inte-
grated to build up a voltage. Such pixels can be used in digital
photography, where the collection area is extremely small,
and the photocurrents in a poorly lit room can be as low as 1
fA (10~'3 amps). When higher optical currents are available,
e.g. 1 nA (10~° amps) where the collecting area is larger or
there is more available illumination, the transistor can be used
to build an on-island trans-impedance amplifier, which
instantaneously provides a buffered voltage out proportional
to the incoming photocurrent.

[0254] In an example implementation, the substrate 1802
can be formed based on a Group IV material, such as but not
limited to silicon, silicon carbide, or germanium. The hole
collector region 1808 can be formed from a highly acceptor
doped region of the substrate, where the dopant is boron or
gallium. The electron collector region 1806 can be formed
from a highly donor doped region of the substrate, where the
dopant is phosphorus or arsenic.

[0255] In another example implementation, the substrate
1802 can be formed from a Group III-V material, such as but
not limited to gallium nitride, an indium gallium nitride, or an
aluminum gallium nitride substrate. In this example, the
dopant can be a Group IV element, such as silicon or germa-
nium.

[0256] Hydration Sensors

[0257] As discussed above in connection with any of the
example apparatus, systems or methods, the sensor compo-
nent can be a hydration sensor. U.S. patent application Ser.
No. 13/603,290, filed Sep. 4, 2012, and entitled “ELEC-
TRONICS FOR DETECTION OF A CONDITION OF TIS-
SUE,” which is hereby incorporated herein by reference in its
entirety, describes hydration sensor that are applicable to any
of the apparatus, systems and methods according to the prin-
ciples described herein.

[0258] FIG. 21 shows a non-limiting example of a hydra-
tion sensor 2100 that interdigitated conductive structures
2102. The example apparatus 2100 can be disposed over the
surface (such a but not limited to tissue) to perform the elec-
trical measurements according to the principles described
herein (which can be used to provide a measure of hydration
level of the surface). A capacitance-based measurement can
be performed by applying a potential across the interdigitated
conductive structures. In the example of FIG. 21, the inter-
digitated conductive structures 2102 are disposed substan-
tially parallel to each other. Each of the interdigitated con-
ductive structures 2102 has a non-linear configuration. In the
example of FIG. 21, the conductive structures 2102 have a
serpentine configuration. In other examples, non-linear con-
figuration of the conductive structures 2102 can be a, a zig-
zag configuration, a rippled configuration, or any other non-
linear configuration. The non-linear configuration of the
conductive structures can facilitate greater sampling of the
electrical properties of the tissue and higher signal to noise
than linear electrodes. The non-linear configuration of the
conductive structures also facilitates more consistent perfor-
mance of the apparatus with deformation such as stretching.
The example apparatus 2100 also includes two conductive
brace structures 2104, each disposed substantially perpen-
dicularly to the overall orientation of the interdigitated con-
ductive structures 2102, and at least one spacer structure 2106
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that is physically coupled at each of its ends to a portion of
each of the at least two conductive brace structures. Each of
the conductive brace structures 2104 is in electrical commu-
nication with alternating ones of the conductive structures
2102. For example, conductive structures 2102-¢ are in elec-
trical communication with one of the conductive brace struc-
ture 2104 while the alternating, interposed conductive struc-
ture 2102-f is not in electrical communication with that
conductive brace structure 2104. The spacer structure 2106
facilitates maintaining a substantially uniform separation
between the brace structures 2104. The spacer structure 2106
can also facilitates maintaining a substantially uniform form
factor during deformation of the apparatus. A measure of the
electrical property of tissue using the example apparatus 2100
can be used to provide an indication of the condition of the
tissue according to any of the principles described herein.

[0259] The conductive structures and the brace structures
can include any applicable conductive material in the art,
including a metal or metal alloy, a doped semiconductor, or a
conductive oxide, or any combination thereof. Non-limiting
examples of metals include Al or a transition metal (including
Au, Ag, Cr, Cu, Fe, Ir, Mo, Nb, Pd, Pt, Rh, Ta, Ti, V, W or Zn),
or any combination thereof. Non-limiting examples of doped
semiconductors include any conductive form of Si, Ge, or a
Group III-IV semiconductor (including GaAs, InP). In an
example, the conductive structures and the brace structures
can be formed from the same conductive material. In another
example, the conductive structures and the brace structures
can be formed from different conductive materials.

[0260] The conductive structures and/or the brace struc-
tures may be covered on at least one side by a polymer-based
material, such as but not limited to a polyimide. In an
example, the conductive structures and/or the brace structures
may be encased in the polymer-based material. The polymer-
based material can serve as an encapsulant layer.

[0261] Spacer structure also may be formed from a poly-
mer-based material.

[0262] Apparatus 2100 or a system that includes apparatus
2100 may include a protective and/or backing layer made of
a stretchable and/or flexible material. Non-limiting examples
of'materials that can be used for the protective and/or backing
layer include any applicable polymer-based materials, such
as but not limited to a polyimide or a transparent medical
dressing, e.g., TEGADERM® (3M, St. Paul, Minn.). The
protective and/or backing layer can include an adhesive por-
tion that adheres to a portion of the substrate to assist in
maintaining the conductive structures 2102 in contact with
the substrate (including the tissue).

[0263] Inanon-limiting example, the dimensions and mor-
phology of the sensing component can be maintained using
the spacer structure 2106. In an example, the spacer structure
2106 is formed from an insulating material or another mate-
rial with lower conductivity than the conductive structures or
the brace structures. The properties of the spacer structure
2106 of the apparatus 2100 can facilitate little or no current
directly passing from one brace structure to the other brace
structure by way of the spacer structure 2106. Rather, current
passes from one set of the conductive structures 2102 to
another set of the conductive structures 2102 by way of the
underlying tissue.

[0264] Inanexample according to FIG. 21, the length of the

ripples of the brace structure may be uniform or may vary
from one side of the apparatus 2100 relative to the other.
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[0265] In a non-limiting example, the non-linear configu-
ration of the conductive structures facilitates increased flex-
ibility of the apparatus. For example, the non-linear geometry
can facilitate increased flexibility of the apparatus to stretch-
ing, torsion or other deformation of the underlying tissue, and
the apparatus maintains substantial contact with the tissue in
spite of the stretching, torsion or other deformation.

[0266] The apparatus 2100 includes cross-link structures
2115 that can be formed according to the principles herein.
The cross-link structures 2115 can provide increased
mechanical stability of the structure during fabrication (e.g.,
during a transfer process from a substrate and/or a printing
and extraction process to another substrate), and in use, e.g.,
to stabilize the sensor against stretching, flexing, torsion or
other deformation of the substrate it is disposed on. For
example, the cross-link structures 2115 can aid in maintain-
ing a form factor, including ratios of dimensions, during
and/or after a stretching, elongation or relaxing of the appa-
ratus. For example, the cross-link structures 2115 can be
formed across any pair of the conductive structures 2102 of
FIG. 21, at any position along their length. In the examples
shown, the cross-links structures 2115 are formed in a ser-
pentine (“S”) shape. In other examples, the cross-link struc-
tures 2115 can be formed as substantially straight crossbars,
formed in a zig-zag pattern, formed as arcs, or ripples, or any
other morphology that facilitates maintaining a mechanical
stability and/or a form factor of the apparatus. In addition, the
cross-link structures 2115 can be formed as at least two cross-
link structures that are formed across neighboring electrodes.
The cross-link structures 2115 can be formed from a polymer-
based material or any other stretchable and/or flexible mate-
rial. In addition, while the positioning of the example cross-
link structures 2115 are shown to be roughly aligned in the
x-direction of FIG. 21, cross-link structures 2115 also can be
displaced relative to each other in the x-direction.

[0267] The cross-link structures 2115 can be formed of
substantially the same encapsulant material that covers por-
tions of the interdigitated conductive structures, and extend
seamlessly from them. In this example, these cross-link struc-
tures 2115 can be formed during the same process step that
disposes the encapsulant polymer-based material on portions
of the interdigitated conductive structures. In another
examples, the cross-link structures 515 can be formed of a
different material from the encapsulant material that covers
portions of the interdigitated conductive structures.

[0268] FIG. 22 shows the hydration sensor of FIG. 21 elec-
trically coupled to an apparatus such as shown in FIG. 12A or
12B (and all related description). The apparatus includes a
coil structure 2207, cross-link structures 2208, and at least
one other component 2215. The at least one other component
2215 can be at least one of a battery, a transmitter, a trans-
ceiver, an amplifier, a processing unit, a charger regulator for
a battery, a radio-frequency component, a memory, an analog
sensing block, and a temperature sensor. Any description
above in connection with the components or features of FIG.
11A,11B, 12A, 12B, or 13 are also applicable to the equiva-
lent features or components of FIG. 22. As shown in FIG. 22,
cross-link structure physically couples a portion of the com-
ponent 2215 to a portion of the coil structure 2207. The
cross-link structures are formed from a flexible material that
is non-conductive. In an example, the cross-link structures
2208 may link to portions of the coil structure 2207 that are
closer to the center. In another example, the cross-link struc-
tures 2208 may link to the outer portions of the coil structure
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2207. The measure of the amount of electromagnetic radia-
tion incident on the sensor component 2204 provides an indi-
cation of the amount of exposure of the surface to the elec-
tromagnetic radiation.

[0269] In the example of FIG. 12A, the coil structure 1207
surrounds component 2215. In another example, the compo-
nent 2215 may be positioned outside of the coil structure
2207. In another example, the component 2215 may be posi-
tioned outside the coil structure 2207.

[0270] FIG. 23 shows an example implementation of a
structure as described in connection with FIG. 22, which
includes implementations of coil structure 2207, cross-link
structures 2208, component 2215 and hydration sensor 2100.
[0271] A non-limiting example process for fabricating any
example apparatus or system described herein is illustrated in
FIGS. 24A-24]. In FIG. 24A, a fabrication substrate 2400,
such as but not limited to a group IV substrate (such as silicon)
ora substrate for group II1-V electronics, is coated with a with
a sacrificial release layer 2402. In a non-limiting example, the
sacrificial release layer 2402 is a polymer such as polymeth-
ylmethacrylate (PMMA). In FIG. 24B, the sacrificial release
layer 2402 is patterned. In FIG. 24C, a first polymer layer
2404 is spin coated onto the sacrificial release layer 2402. In
an example, the first polymer layer 2404 can be a polyimide.
In FIG. 24D, a layer of conductive material 2406 is deposited
over the first polymer layer 2404 to form the conductive
structures. In FIG. 24E, where applicable to the conductive
material 2406 used, a lithography process may be performed
to pattern the conductive material 2406 into any of the con-
figurations of conductive components described herein. In
FIG. 24F, a second polymer layer 2408 is spin coated over the
conductive components. In an example, the second polymer
layer 2408 can be a polyimide. In FIG. 24G, the second
polymer layer 2408 is patterned. In FIG. 24H, the sacrificial
release layer material is selectively removed. For example,
where the sacrificial release layer material is PMMA, acetone
can be used for selective removal. At this stage, the apparatus
2410 is in substantially final form and attached to the fabri-
cation substrate. In FIG. 241, a transfer substrate 2412 is used
to remove the apparatus 2410 from the fabrication substrate
2400.

Example System and Communication

[0272] Also provided herein is an electromagnetic radia-
tion (UV/sunlight/IR) exposure monitoring patch which
operates by measuring either total visible sunlight or directly
measuring UV light by means of one or more photodiodes.
The output of the photodiode(s) can then be stored on the
device into solid-state memory and/or transmitted off of the
device through radio frequency (RF) communication.
[0273] The device may have multiple implementations
based on the power source and data communication method.
The implementations may have any combination of the fol-
lowing components:

[0274] 1. Power storage, including but not limited to solid-
state batteries, thin film batteries, or coin-cell batteries
[0275] 2. Power generation, including but not limited to
photovoltaic, kinetic, thermoelectric, radio frequency, or
inductive coupling.

[0276] 3. Communication, including but not limited to
radio frequency, wires, or optical.

[0277] 4. Data storage, including but not limited to solid-
state memory.
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[0278] Thesecore attributes may be obtained “off-the shelf,
then ground down (thinned) to microns or tens of microns
thickness, or configured to maintain their ‘off the shelf” physi-
cal dimensions prior to assembly with the “patch.” The final
“patch” form factor may be implemented by assembling the
components into a final package that is made to be thin and
deformable (flexible, bendable, and/or stretchable).

[0279] In an non-limiting example, an apparatus or system
according to any of the principles described herein can be
mounted to the surface as a part of a patch. The surface can be
a part of a surface of paper, wood, leather, fabric (including
artwork or other works on canvas), a plant or a tool. An
example ofa patch 2502 that can include at least one of any of
the apparatus described herein is shown in FIG. 25. The patch
2502 may be applied to the surface, such as skin. A handheld
device 2504 can be used to read the data in connection with
the electrical measurement performed by the apparatus of the
patch 2502. For example, the patch 2502 can include a trans-
mitter or transceiver to transmit a signal to the handheld
device 2504. The data in connection from the sensor compo-
nent can be analyzed as described hereinabove by a processor
of the handheld device 2502 to provide the indication of the
exposure of the surface to electromagnetic radiation, the SPF
factor of a product, or a condition of the surface according to
the principles described herein.

[0280] As shown in FIG. 25, the patch may be used in
connection with a substance 2506 that is applied to the sur-
face. The substance 2506 may be configured to change the
condition of the surface, including treating a disease of the
surface. For example, the substance 2506 may be configured
to be applied to the surface to provide protection against the
UV. In this example, the apparatus of the patch would be
configured to perform electrical measurements to provide an
indication of UV and/or SPF sensing on the surface, to pre-
vent sun damage and/or to recommend protective products. In
another example, the substance 2506 may be configured to be
applied to the surface to treat a disease or other malformation
of the surface.

[0281] In an example, the patch 2502 may be a disposable
adhesive patch that is configured for comfort and breathabil-
ity.

[0282] In another example, the patch 2502 may be a more
durable sensor patch that is configured for comfort and long-
term wear. The sensor patch may include onboard sensors to
measure the condition of interest of the surface, a memory to
log the data in connection with the electrical communication,
and a near-field communication device that allows a scan of
the sensor patch with a handheld device to perform a status
check and download. Non-limiting examples of the handheld
device include a smartphone, tablet, slate, an e-reader or other
handheld computing device. The sensor patch may include an
energy storage device, such as a battery, to provide the voltage
potential used for performing the measurements as described
hereinabove.

[0283] In an example, the system may include the patch
2502 and a charging pad (not shown). The patch 2502 may be
placed on the charging pad to charge the energy storage
component of the patch 2502. The charging pad may be
charged in an AC wall socket. The charging pad may be an
inductive charging pad.

[0284] In an example implementation, the patch 2502 can
include an apparatus for performing SPF monitoring based on
the electrical information from a capacitance-based and/or an
inductance-based measurement. The example apparatus
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according to this implementation can include an onboard
UVA and/or UVB sensor. The condition of the surface that is
reported is the sun protection effectiveness of a sunscreen
product for protection of the surface. An example disposable
patch according to this implementation can provide a surface
that is engineered to simulate skin wetting properties to,
accurately represent sunscreen distribution.

[0285] The example SPF monitoring system can use a
durable sensor patch along with disposable adhesive patches.
In an example method for use of the SPF monitoring system,
the patch 2502 can be placed in a discreet high-exposure
location on a person’s body if extended sun exposure is
expected. Over time, e.g., throughout the day, a NFC-enabled
handheld device can be placed in proximity to the patch 2502
to check how much sun protection still remains. The handheld
device can include an application (an App) to log and track
“SPF state.” That is, the App on the handheld device can
include machine-readable instructions such that a processor
unit of the handheld device analyzes the electrical measure-
ments from the apparatus of the patch 2502 and provides the
indication of the status (SPF state) based on the analysis. The
App can include machine-readable instructions to provide (i)
product recommendations, (ii) suggestions to re-apply a
product, or (iii) present an interface that facilitates the pur-
chase of, or obtaining a sample of, recommended products.
After use, such as at the end of the day, a consumer may
dispose of the Adhesive patch, and retain the sensor patch
reuse at a later time. The sensor patch can be re-charged using
a charging pad as described herein.

[0286] In another example implementation, the patch 2502
can include an apparatus to perform as a UV dosimeter based
on the electrical information from a capacitance-based and/or
an inductance-based measurement. The example apparatus
according to this implementation can include an onboard
UVA and/or UVB sensor. The condition that is reported is the
UV dosage exposure of an individual.

[0287] The example UV dosimeter system can use a
durable sensor patch along with disposable adhesive patches.
In an example method foruse ofthe UV dosimeter system, the
patch 2502 can be placed in a discreet high-exposure location
ona person’s body if extended sun exposure is expected. Over
time, e.g., throughout the day, a NFC-enabled handheld
device can be brought in proximity to the Adhesive patch to
download logged data, gathered throughout use of the patch
2502. The App can be used to track “personal sun exposure
state.” That is, the App on the handheld device can include
machine-readable instructions such that a processor unit of
the handheld device analyzes the electrical measurements
from the apparatus of the patch 2502 and provides the indi-
cation of the status (personal sun exposure state) based on the
analysis. The App can include machine-readable instructions
to provide and can provide (i) product recommendations, (ii)
suggestions to re-apply products, or (iii) present an interface
that facilitates the purchase of, or obtaining a sample of,
recommended products. After use, such as at the end of the
day, the individual may dispose of the Adhesive patch, and
retain the sensor patch for reuse at a later time. The sensor
patch can be re-charged on charging pad, e.g., overnight.
[0288] In another example implementation, the patch 2502
can include an apparatus to perform as a hydration and/or
firmness monitor based on the electrical information from a
capacitance-based and/or an inductance-based measurement.
The example apparatus according to this implementation can
include an onboard hydration sensor. The condition that is
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reported is the hydration and/or firmness of a surface. Based
on the indication, the patch 2502 can perform diagnosis and
recommendation for personalized skin hydration and firm-
ness product treatments.

[0289] The example hydration and/or firmness monitoring
system can use a durable sensor patch along with disposable
adhesive patches. In an example method for use of the hydra-
tion and/or firmness monitoring system, the individual may
create a personal profile and affiliate a product choice with
that profile on a handheld device. An App that can be used to
generate the profile may be downloaded to the handheld
device. After application of a product, e.g., at night, an indi-
vidual may place one or more patches 2502 on an area of
interest on the body. The individual may bring the NFC-
enabled handheld device in proximity to the patch(es) 2502 to
download data gathered intermittently during use of the patch
(es) 2702. The App can include machine-readable instruc-
tions to track “personal hydration and firmness states.” In
another example, the App can include machine-readable
instructions to provide (i) product recommendations, (ii) sug-
gestions to re-apply products, or (iii) present an interface that
facilitates purchase of, or obtaining a sample of, recom-
mended products. The individual may repeat the procedure
with varying products and beauty routines and update the
profile based on the results.

CONCLUSION

[0290] Allliterature and similar material cited in this appli-
cation, including, but not limited to, patents, patent applica-
tions, articles, books, treatises, and web pages, regardless of
the format of such literature and similar materials, are
expressly incorporated by reference in their entirety. In the
event that one or more of the incorporated literature and
similar materials differs from or contradicts this application,
including but not limited to defined terms, term usage,
described techniques, or the like, this application controls.

[0291] The section headings used herein are for organiza-
tional purposes only and are not to be construed as limiting
the subject matter described in any way.

[0292] While various examples have been described and
illustrated herein, those of ordinary skill in the art will readily
envision a variety of other means and/or structures for per-
forming the function and/or obtaining the results and/or one
or more of the advantages described herein, and each of such
variations and/or modifications is deemed to be within the
scope of the examples described herein. More generally,
those skilled in the art will readily appreciate that all param-
eters, dimensions, materials, and configurations described
herein are meant to be exemplary and that the actual param-
eters, dimensions, materials, and/or configurations will
depend upon the specific application or applications for
which the teachings is/are used. Those skilled in the art will
recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific examples
described herein. It is, therefore, to be understood that the
foregoing examples are presented by way of example only
and that, within the scope of the appended claims and equiva-
lents thereto, examples may be practiced otherwise than as
specifically described and claimed. examples of the present
disclosure are directed to each individual feature, system,
article, material, kit, and/or method described herein. In addi-
tion, any combination of two or more such features, systems,
articles, materials, kits, and/or methods, if such features, sys-
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tems, articles, materials, kits, and/or methods are not mutu-
ally inconsistent, is included within the scope of the present
disclosure.

[0293] The above-described examples of the invention can
be implemented in any of numerous ways. For example, some
examples may be implemented using hardware, software or a
combination thereof. When any aspect of an example is
implemented at least in part in software, the software code can
be executed on any suitable processor or collection of pro-
cessors, whether provided in a single device or computer or
distributed among multiple devices/computers.

[0294] Inthis respect, various aspects of the invention, may
be embodied at least in part as a computer readable storage
medium (or multiple computer readable storage media) (e.g.,
a computer memory, one or more floppy discs, compact discs,
optical discs, magnetic tapes, flash memories, circuit configu-
rations in Field Programmable Gate Arrays or other semicon-
ductor devices, or other tangible computer storage medium or
non-transitory medium) encoded with one or more programs
that, when executed on one or more computers or other pro-
cessors, perform methods that implement the various
examples of the technology discussed above. The computer
readable medium or media can be transportable, such that the
program or programs stored thereon can be loaded onto one or
more different computers or other processors to implement
various aspects of the present technology as discussed above.
[0295] The terms “program” or “software” are used herein
in a generic sense to refer to any type of computer code or set
of computer-executable instructions that can be employed to
program a computer or other processor to implement various
aspects of the present technology as discussed above. Addi-
tionally, it should be appreciated that according to one aspect
of this example, one or more computer programs that when
executed perform methods of the present technology need not
reside on a single computer or processor, but may be distrib-
uted in a modular fashion amongst a number of different
computers or processors to implement various aspects of the
present technology.

[0296] Computer-executable instructions may be in many
forms, such as program modules, executed by one or more
computers or other devices. Generally, program modules
include routines, programs, objects, components, data struc-
tures, etc. that perform particular tasks or implement particu-
lar abstract data types. Typically the functionality of the pro-
gram modules may be combined or distributed as desired in
various examples.

[0297] Also, the technology described herein may be
embodied as amethod, of which at least one example has been
provided. The acts performed as part of the method may be
ordered in any suitable way. Accordingly, examples may be
constructed in which acts are performed in an order different
than illustrated, which may include performing some acts
simultaneously, even though shown as sequential acts in illus-
trative examples.

[0298] All definitions, as defined and used herein, should
be understood to control over dictionary definitions, defini-
tions in documents incorporated by reference, and/or ordi-
nary meanings of the defined terms.

[0299] Theindefinite articles “a” and “an,” as used herein in
the specification and in the claims, unless clearly indicated to
the contrary, should be understood to mean “at least one.”
[0300] The phrase “and/or,” as used herein in the specifica-
tion and in the claims, should be understood to mean “either
or both” of the elements so conjoined, i.e., elements that are
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conjunctively present in some cases and disjunctively present
in other cases. Multiple elements listed with “and/or”” should
be construed in the same fashion, i.e., “one or more” of the
elements so conjoined. Other elements may optionally be
present other than the elements specifically identified by the
“and/or” clause, whether related or unrelated to those ele-
ments specifically identified. Thus, as a non-limiting
example, a reference to “A and/or B”, when used in conjunc-
tion with open-ended language such as “comprising” can
refer, in one example, to A only (optionally including ele-
ments other than B); in another example, to B only (optionally
including elements other than A); in yet another example, to
both A and B (optionally including other elements); etc.
[0301] Asusedherein in the specification and in the claims,
“or” should be understood to have the same meaning as
“and/or” as defined above. For example, when separating
items in a list, “or” or “and/or” shall be interpreted as being
inclusive, i.e., the inclusion of at least one, but also including
more than one, of a number or list of elements, and, option-
ally, additional unlisted items. Only terms clearly indicated to
the contrary, such as “only one of” or “exactly one of,” or,
when used in the claims, “consisting of,” will refer to the
inclusion of exactly one element of a number or list of ele-
ments. In general, the term “or’ as used herein shall only be
interpreted as indicating exclusive alternatives (i.e. “one or
the other but not both”) when preceded by terms of exclusiv-
ity, such as “either,” “one of,” “only one of,” or “exactly one
of” “Consisting essentially of,” when used in the claims, shall
have its ordinary meaning as used in the field of patent law.
[0302] Asusedherein in the specification and in the claims,
the phrase “at least one,” in reference to a list of one or more
elements, should be understood to mean at least one element
selected from any one or more of the elements in the list of
elements, but not necessarily including at least one of each
and every element specifically listed within the list of ele-
ments and not excluding any combinations of elements in the
list of elements. This definition also allows that elements may
optionally be present other than the elements specifically
identified within the list of elements to which the phrase “at
least one” refers, whether related or unrelated to those ele-
ments specifically identified. Thus, as a non-limiting
example, “at least one of A and B” (or, equivalently, “at least
one of A or B,” or, equivalently “at least one of A and/or B”)
can refer, in one example, to at least one, optionally including
more than one, A, with no B present (and optionally including
elements other than B); in another example, to at least one,
optionally including more than one, B, with no A present (and
optionally including elements other than A); in yet another
example, to at least one, optionally including more than one,
A, and at least one, optionally including more than one, B
(and optionally including other elements); etc.

[0303] In the claims, as well as in the specification above,
all transitional phrases such as “comprising,” “including,”
“carrying,” “having,” “containing,” “involving,” “holding,”
“composed of,” and the like are to be understood to be open-
ended, i.e., to mean including but not limited to. Only the
transitional phrases “consisting of” and “consisting essen-
tially of” shall be closed or semi-closed transitional phrases,
respectively, as set forth in the United States Patent Office
Manual of Patent Examining Procedures, Section 2111.03.
[0304] The claims should not be read as limited to the
described order or elements unless stated to that effect. It
should be understood that various changes in form and detail
may be made by one of ordinary skill in the art without
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departing from the spirit and scope of the appended claims.
All examples that come within the spirit and scope of the
following claims and equivalents thereto are claimed.

What is claimed is:

1. An apparatus for monitoring exposure of a surface to
electromagnetic radiation, the apparatus comprising:

a flexible substrate;

at least one sensor component disposed on the flexible

substrate, wherein the at least one sensor component
measures an amount of electromagnetic radiation inci-
dent on the at least one sensor component, the electro-
magnetic radiation having frequencies in the visible or
ultraviolet regions of the electromagnetic spectrum;

at least one processing unit in communication with the at

least one sensor component; and

at least one cross-link structure physically coupled to a

portion of the at least one processing unit and/or to a
portion of the at least one sensor component, the at least
one cross-link structure being formed from a dielectric
material,

wherein the measure of the amount of electromagnetic

radiation incident on the at least one sensor component
provides an indication of an amount of exposure of the
surface to the electromagnetic radiation.

2. The apparatus of claim 1, wherein the at least one cross-
link structure physically couples a portion of the at least one
processing unit to a portion of the at least one sensor compo-
nent.

3. The apparatus of claim 1, further comprising a memory
in communication with the at least one sensor component,
wherein the memory stores data indicative of measurements
of the amount of electromagnetic radiation incident on the at
least one sensor component.

4. The apparatus of claim 1, further comprising a memory
in communication with the at least one sensor component,
wherein the memory stores machine readable instructions
which, when executed, cause the at least one processing unit
to analyze the measure of the amount of electromagnetic
radiation incident on the at least one sensor component to
provide the indication of the amount of exposure of the sur-
face to the electromagnetic radiation.

5. The apparatus of claim 1, further comprising at least one
coil structure formed from a conductive material, and a radio-
frequency component in communication with the at least one
coil structure and/or the at least one processing unit, wherein
the radio-frequency component transmits the measure of the
amount of electromagnetic radiation incident on the at least
one sensor component and/or the indication of an amount of
exposure of the surface to the electromagnetic radiation using
the at least one coil structure.

6. The apparatus of claim 1, the radio-frequency compo-
nent is a BLUETOOTH® component.

7. The apparatus of claim 1, further comprising:

at least one brace structure formed from a dielectric mate-

rial;

wherein the at least one cross-link structure physically

couples a portion of the at least one processing unit
and/or a portion of the at least one sensor component to
the at least one brace structure.

8. The apparatus of claim 7, wherein the at least one brace
structure and the at least one cross-link structure are formed
from the same material or formed from different materials.
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9. The apparatus of claim 7, wherein the at least one brace
structure surrounds the at least one processing unit and/or the
at least one sensor component.

10. The apparatus of claim 7, wherein the flexible substrate
and the at least one cross-link structure are formed from the
same material or formed from different materials.

11. The apparatus of claim 7, wherein the flexible substrate
and the at least one cross-link structure are formed from a
same polymer.

12. The apparatus of claim 7, wherein the flexible substrate
has a Young’s modulus of less than about 10 GPa.

13. The apparatus of claim 1, further comprising an encap-
sulation layer disposed over at least a portion of the at least
one sensor component and/or at least a portion of the at least
one processing unit.

14. The apparatus of claim 13, wherein the at least one
sensor component and the at least one processing unit are
positioned at or near a midpoint of a depth of the apparatus.

15. The apparatus of claim 13, wherein the encapsulation
layer has a Young’s modulus less than about 100 MPa.

16. The apparatus of claim 13, wherein portions of the
encapsulation layer comprise an adhesive, and wherein the
adhesive attaches the portions of the encapsulation layer to
the surface.

17. The apparatus of claim 13, wherein the encapsulation
layer is formed from a polymer.

18. The apparatus of claim 1, wherein the at least one
sensor component is a photodetector comprising a p-n junc-
tion.

19. The apparatus of claim 1, further comprising at least
one filter disposed above the at least one sensor component,
and wherein a measure of the electromagnetic radiation using
the at least one filter and the at least one sensor component
provides a measure of the amount of ultraviolet-A electro-
magnetic radiation and/or ultraviolet-B electromagnetic
radiation incident on the surface.

20. The apparatus of claim 1, wherein the at least one
sensor component is at least partially embedded in the flexible
substrate.

21. The apparatus of claim 1, wherein the at least one
sensor component comprises two sensor component, and
wherein one of the two sensor components is stacked above
the other of the two sensor components to provide a stacked
sensor component.

22. The apparatus of claim 21, wherein a comparison of a
measure of the electromagnetic radiation using the stacked
sensor component to a measure of the electromagnetic radia-
tion using another of the at least one sensor components
provides a measure of the amount of ultraviolet A electro-
magnetic radiation and/or ultraviolet B electromagnetic
radiation incident on the surface.

23. The apparatus of claim 1, wherein the at least one
sensor component comprises a photodetector.

24. The apparatus of claim 23, wherein the at least one
sensor component is at least one of a silicon-based photode-
tector, a silicon carbide-based photodetector, a germanium-
based photodetector, a gallium nitride-based photodetector,
an indium gallium nitride-based photodetector and an alumi-
num gallium nitride-based photodetector.

25. The apparatus of claim 1, wherein the surface is a
portion of a tissue, a fabric, a plant, an artwork, paper, wood,
or a tool or piece of equipment.

26. The apparatus of claim 25, wherein the surface is a
portion of a tissue, and wherein the measure of the amount of
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exposure of the surface of the tissue to the electromagnetic
radiation provides a measure of a level of SPF protection of
the tissue.

27. The apparatus of claim 26, wherein the at least one
sensor component comprises at least two sensor components,
wherein an ultraviolet filter is disposed above at least one of
the at least two sensor components, and wherein a compari-
son of a measure of the electromagnetic radiation using the
sensor component including the ultraviolet filter to a measure
of the electromagnetic radiation using another of the at least
one sensor components having no ultraviolet filter provides
the measure of a level of SPF protection of the tissue.

28. The apparatus of claim 1, further comprising at least
one amplifier in electrical communication with the at least
one sensor component.

29. A system for monitoring exposure of a surface to elec-
tromagnetic radiation, the system comprising:

at least one apparatus of claim 1; and

a reader device,

wherein the reader device receives from the at least one
apparatus the data indicative of the measure of the
amount of electromagnetic radiation incident on the at
least one sensor component and/or the indication of
an amount of exposure of the surface to the electro-
magnetic radiation.

30. The system of claim 29, wherein the reader device
comprises a coupling member, and wherein the reader device
receives the data indicative of the measure of the amount of
electromagnetic radiation incident on the at least one sensor
component and/or the indication of an amount of exposure of
the surface to the electromagnetic radiation when the cou-
pling member is electrically coupled to a portion of the at least
one apparatus.

31. The system of claim 29, wherein the surface is a portion
ofatissue, a fabric, a plant, an artwork, paper, wood, or a tool
or piece of equipment.

32. The system of claim 29, wherein the reader device is a
near-field communication (NFC)-enabled handheld device.

33. An apparatus for monitoring exposure of a surface to
electromagnetic radiation, the apparatus comprising:

at least one sensor component, wherein the at least one

sensor component measures an amount of electromag-
netic radiation incident on the at least one sensor com-
ponent, the electromagnetic radiation having frequen-
cies in the visible or ultraviolet regions of the
electromagnetic spectrum;

at least one coil structure formed from a conductive mate-

rial; and

at least one cross-link structure physically coupling a por-

tion of the at least one coil structure to a portion of the at
least one sensor component, the at least one cross-link
structure being formed from a flexible material,

wherein the measure of the amount of electromagnetic
radiation incident on the at least one sensor component
provides an indication of an amount of exposure of the
surface to the electromagnetic radiation.

34. The apparatus of claim 33, wherein the at least one
sensor component is surrounded by the at least one coil struc-
ture.

35. The apparatus of claim 33, wherein the at least one
sensor component is positioned outside the at least one coil
structure.
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36. The apparatus of claim 33, wherein the surface is a
portion of a tissue, a fabric, a plant, an artwork, paper, wood,
or a tool or piece of equipment.

37. The apparatus of claim 33, wherein the at least one
sensor component is surrounded by the at least one coil struc-
ture.

38. The apparatus of claim 33, wherein the measure of the
amount of exposure of the tissue to the electromagnetic radia-
tion provides a measure of a level of SPF protection of the
surface.

39. The apparatus of claim 33, further comprising at least
one processing unit in communication with the at least one
sensor component.

40. The apparatus of claim 39, wherein the at least one
processing unit analyzes the measure of the amount of elec-
tromagnetic radiation incident on the at least one sensor com-
ponent to provide the indication of the amount of exposure of
the surface to the electromagnetic radiation.

41. The apparatus of claim 39, further comprising a radio-
frequency component in communication with the at least one
coil structure and the at least one processing unit, wherein the
radio-frequency component transmits the measure of the
amount of electromagnetic radiation incident on the at least
one sensor component and/or the indication of an amount of
exposure of the surface to the electromagnetic radiation using
the at least one coil structure.

42. The apparatus of claim 33, wherein the at least one coil
structure comprises at least one corrugated portion.

43. The apparatus of claim 42, wherein the at least one
corrugated portion comprises a zig-zag structure, a serpentine
structure, a grooved structure, or a rippled structure.

44. The apparatus of claim 33, wherein the at least one coil
structure is polygonal-shaped, circular-shaped, square-
shaped or rectangular-shaped.

45. The apparatus of claim 33, further comprising a flexible
substrate, wherein the at least one sensor component and the
at least one coil structure are disposed on the flexible sub-
strate.

46. The apparatus of claim 45, wherein the flexible sub-
strate is a polymer.

47. The apparatus of claim 46, wherein the at least one
cross-link structure is formed from a polymer.

48. The apparatus of claim 46, wherein the flexible sub-
strate and the at least one cross-link structure are formed from
the same material or from different materials.

49. The apparatus of claim 46, wherein the flexible sub-
strate and the at least one cross-link structure are formed from
a same polymer.

50. The apparatus of claim 46, wherein the flexible sub-
strate has a Young’s modulus of less than about 10 GPa.

51. The apparatus of claim 33, wherein the at least one
sensor component comprises a photodetector.

52. The apparatus of claim 51, wherein the at least one
sensor component is at least one of a silicon-based photode-
tector, a silicon carbide-based photodetector, a germanium-
based photodetector, a gallium nitride-based photodetector,
an indium gallium nitride-based photodetector and an alumi-
num gallium nitride-based photodetector.

53. The apparatus of claim 51, further comprising a filter
coupled to the at least one sensor component, wherein the
filter is disposed at a region of the at least one sensor compo-
nent where the electromagnetic radiation is incident.
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54. The apparatus of claim 51, wherein a measure of a
change in current of the photodetector provides the measure
of the amount of electromagnetic radiation incident on the at
least one sensor component.

55. The apparatus of claim 33, wherein the at least one
sensor component measures the amount of ultraviolet (UV)
electromagnetic radiation incident on the at least one sensor
component.

56. The apparatus of claim 33, wherein the at least one
sensor component measures the amount of UVA or UVB
electromagnetic radiation incident on the at least one sensor
component.

57. The apparatus of claim 33, further comprising an
encapsulation layer disposed over at least a portion of the at
least one sensor component and the at least one coil structure.

58. The apparatus of claim 57, wherein the encapsulation
layer has a Young’s modulus less than about 100 MPa.

59. The apparatus of claim 57, wherein the at least one
sensor component is positioned at or near a midpoint of a
depth of the apparatus.

60. The apparatus of claim 57, wherein portions of the
encapsulation layer comprise an adhesive, and wherein the
adhesive attaches the portions of the encapsulation layer to
the surface.

61. The apparatus of claim 57, wherein the encapsulation
layer is formed from a polymer.

62. The apparatus of claim 57, wherein the polymer is a
polyimide, and wherein the at least one sensor component
measures the amount of visible electromagnetic radiation
incident on the apparatus.

63. The apparatus of claim 57, wherein the encapsulation
layer is formed from an elastomer.

64. The apparatus of claim 57, wherein the encapsulation
layer and the at least one cross-ink structures are formed from
the same material.

65. A system for monitoring exposure of a surface to elec-
tromagnetic radiation, comprising:

at least one apparatus of claim 33; and

at least one other component,

wherein the at least one other component is at least one of

a battery, a transmitter, a transceiver, an amplifier, a
processing unit, a charger regulator for a battery, a radio-
frequency component, a memory, an analog sensing
block, and a temperature sensor.

66. A method for monitoring exposure of a surface to
electromagnetic radiation, the method comprising:

receiving data indicative of the amount of electromagnetic

radiation incident on the at least one sensor component,
wherein the data is obtained using at least one apparatus
of claim 33; and

analyzing the data using at least one processor unit,

wherein the analysis provides indication of an amount of
exposure of the surface to the electromagnetic radiation.

67. The method of claim 66, wherein the analyzing the data
comprises comparing the data to a calibration standard, and
wherein the comparing provides the indication of the amount
of exposure of the surface to the electromagnetic radiation.

68. The method of claim 66, wherein the calibration stan-
dard comprises a correlation between values of the data and
the indication of the amount of exposure of the surface to the
electromagnetic radiation.
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69. An electromagnetic radiation sensor, comprising:

a substrate having a surface that is exposed to electromag-
netic radiation in the visible and ultraviolet regions of
the electromagnetic spectrum;

an electron collector region disposed in the substrate;

a hole collector region disposed in the substrate; and

a potential well region disposed in the substrate and sur-
rounding at least a portion of the electron collector
region and at least a portion of the hole collector region.

70. The sensor of claim 69, wherein the electron collector
region comprises a highly donor doped semiconductor mate-
rial.

71. The sensor of claim 69, wherein the hole collector
region comprises a highly acceptor doped semiconductor
material.

72. The sensor of claim 69, wherein the potential well
region comprises a donor doped semiconductor material and
the substrate is a p-type semiconductor material, or wherein
the potential well region comprises an acceptor doped semi-
conductor material and the substrate is a n-type semiconduc-
tor material.

73. The sensor of claim 72, wherein the potential well
region comprises a donor doped semiconductor material and
the substrate is a p-type semiconductor material, and wherein
the potential well region comprises a lower concentration of
a dopant than the electron collector region.

74. The sensor of claim 69, wherein the substrate com-
prises silicon, silicon carbide, germanium, gallium nitride,
indium gallium nitride, or aluminum gallium nitride.

75. The sensor of claim 74, wherein the substrate com-
prises silicon, silicon carbide, or germanium, wherein the
hole collector region is formed from a highly acceptor doped
region of the substrate, and the hole collector region com-
prises a boron dopant or a gallium dopant.

76. The sensor of claim 74, wherein the substrate com-
prises silicon, silicon carbide, or germanium, wherein the
electron collector region is formed from a highly donor doped
region of the substrate, and wherein the electron collector
region comprises a phosphorus dopant or an arsenic dopant.

77. The sensor of claim 75, wherein the substrate com-
prises silicon, silicon carbide, or germanium, wherein the
potential well region is formed from a donor doped region of
the substrate, wherein the potential well region has a lower
concentration of dopant than the electron collector region,
and wherein the potential well region comprises a phosphorus
dopant or an arsenic dopant.

78. The sensor of claim 75, wherein the substrate com-
prises silicon, silicon carbide, or germanium, wherein the
potential well region is formed from an acceptor doped region
ofthe substrate, wherein the potential well region has a lower
concentration of dopant than the hole collector region, and
wherein the potential well region comprises a boron dopant or
a gallium dopant.

79. The sensor of claim 69, wherein the electron collector
region is disposed proximate to the surface of the substrate or
embedded in the substrate.

80. The sensor of claim 69, wherein the hole collector
region is disposed proximate to the surface of the substrate or
embedded in the substrate.

81. The sensor of claim 69, wherein the substrate has a
thickness of less than 1 micron, about 1 micron, about 2
micron, about 3 microns, about 5 microns, about 10 microns,
or greater than about 10 microns.
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82. The sensor of claim 69, wherein the potential well
region has a thickness greater than the thickness of the elec-
tron collector region or the hole collector region.

83. The sensor of claim 82, wherein the electron collector
region has a thickness of less than 1 micron, about 1 micron,
about 2 microns, about 3 microns, or greater than about 3
microns.

84. The sensor of claim 82, wherein the hole collector
region has a thickness of less than 1 micron, about 1 micron,
about 2 microns, about 3 microns, or greater than about 3
microns.

85. The sensor of claim 69, wherein the potential well
region has a thickness of less than 1 micron, about 1 micron,
about 2 microns, about 3 microns, about 4 microns, or greater
than about 4 microns.

86. The sensor of claim 69, wherein a portion of the poten-
tial well is disposed between the electron collector region and
the hole collector region.

87. A system comprising:

at least one coil structure formed from a conductive mate-

rial;

at least one other component, wherein the at least one other

component is at least one of a battery, a transmitter, a
transceiver, an amplifier, a processing unit, a charger
regulator for a battery, a radio-frequency component, a
memory, an analog sensing block, and a temperature
sensor; and

at least one cross-link structure physically coupling a por-

tion of the at least one coil structure to a portion of the at
least one other component, the at least one cross-link
structure being formed from a flexible material.

88. The system of claim 87, further comprising at least one
sensor component.

89. The system of claim 88, wherein the at least one sensor
component measures an amount of electromagnetic radiation
incident on the at least one sensor component, the electro-
magnetic radiation having frequencies in the visible or ultra-
violet regions of the electromagnetic spectrum.

90. The system of claim 89, wherein the system is disposed
on a surface, and wherein the measure of the amount of
electromagnetic radiation incident on the at least one sensor
component provides an indication of an amount of exposure
of'the surface to the electromagnetic radiation.

91. The system of claim 88, wherein the at least one sensor
component is positioned external to the at least one coil
structure, and wherein the at least one sensor component is
electrically coupled to the at least one coil structure or to the
at least one other component.

92. The system of claim 88, wherein at least one other
component or the at least one sensor component is sur-
rounded by the at least one coil structure.

93. The system of claim 88, wherein the system is disposed
on a tissue, and wherein the at least one sensor component
measures a hydration level of the tissue.

94. The system of claim 88, wherein the at least one other
component is a radio-frequency component and a processing
unit, wherein the radio-frequency component is in communi-
cation with the at least one coil structure and the at least one
processing unit, and wherein the radio-frequency component
transmits data indicative of a measurement performed by the
at least one sensor component.

95. The system of claim 88, wherein the at least one sensor
component comprises a photodetector.



US 2013/0200268 Al

96. The system of claim 95, wherein the at least one sensor
component is at least one of a silicon-based photodetector, a
silicon carbide-based photodetector, a germanium-based
photodetector, a gallium nitride-based photodetector, an
indium gallium nitride-based photodetector and an aluminum
gallium nitride-based photodetector.

97. The system of claim 95, further comprising a filter
coupled to the at least one sensor component, wherein the
filter is disposed at a region of the at least one sensor compo-
nent where the electromagnetic radiation is incident.

98. The system of claim 95, wherein a measure of a change
in current of the photodetector provides the measure of the
amount of electromagnetic radiation incident on the at least
one sensor component.

99. The system of claim 87, wherein the system is disposed
on a surface, and wherein the surface is a portion of a tissue,
a fabric, a plant, an artwork, paper, wood, or a tool or piece of
equipment.

100. The system of claim 87, wherein the at least one coil
structure comprises at least one corrugated portion.

101. The system of claim 100, wherein the at least one
corrugated portion comprises a zig-zag structure, a serpentine
structure, a grooved structure, or a rippled structure.

102. The system of claim 87, wherein the at least one coil
structure is polygonal-shaped, circular-shaped, square-
shaped or rectangular-shaped.
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103. The system of claim 87, further comprising a flexible
substrate, wherein the at least one sensor component and the
at least one coil structure are disposed on the flexible sub-
strate.

104. The system of claim 103, wherein the flexible sub-
strate is a polymer.

105. The system of claim 104, wherein the at least one
cross-link structure is formed from a polymer.

106. The system of claim 104, wherein the flexible sub-
strate and the at least one cross-link structure are formed from
the same material or different materials.

107. The system of claim 104, wherein the flexible sub-
strate and the at least one cross-link structure are formed from
a same polymer.

108. The system of claim 87, further comprising an encap-
sulation layer disposed over at least a portion of the at least
one coil structure and the at least one other component.

109. The system of claim 108, wherein the at least one
sensor component is positioned at or near a midpoint of a
depth of the system.

110. The system of claim 108, wherein the system is dis-
posed on a surface, and wherein portions of the encapsulation
layer comprise an adhesive, and wherein the adhesive
attaches the portions of the encapsulation layer to the surface.

111. The system of claim 108, wherein the encapsulation
layer is formed from a polymer.

* * Ed Ed *
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