US 20180117624A1

12) Patent Application Publication (o) Pub. No.: US 2018/0117624 Al

a9y United States

Han et al. (43) Pub, Date: May 3, 2018
(54) CONTROLLED EXPOSURE OF IN-VIVO A61B 5/145 (2006.01)
SENSORS BO5D 7/00 (2006.01)
BO5D 3/04 (2006.01)
(71)  Applicant: INTERNATIONAL BUSINESS (52) US. CL
MACHINES CORPORATION, CPC ... BOSD 1/005 (2013.01); A61B 5/0004

Armonk, NY (US)

(72) Inventors: Shu-Jen Han, Cortlandt Manor, NY
(US); Bharat Kumar, Tarrytown, NY
(US); George S. Tulevski,
Croton-on-Hudson, NY (US)

(21) Appl. No.: 15/340,180

(22) Filed: Nowv. 1, 2016

Publication Classification

(51) Int.CL
BO5SD 1/00 (2006.01)
AGIB 5/00 (2006.01)

(2013.01); A61B 5/14503 (2013.01); BOSD
3/0413 (2013.01); A61B 5/14542 (2013.01);
AG1B 5/14546 (2013.01); BOSD 7/5483
(2013.01); A61B 5/14532 (2013.01)

(57) ABSTRACT

A method of protecting an in-vivo sensor includes forming
a sensing surface on a surface of the in-vivo sensor, the
sensing surface including a functionalized monolayer that
will bind to an analyte of interest; and coating the sensing
surface of the sensor with a bioabsorbable polymeric coating
including a bioabsorbable polymer; wherein the bioabsorb-
able polymeric coating is configured to protect the in-vivo
sensor until needed for implantation.
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CONTROLLED EXPOSURE OF IN-VIVO
SENSORS

BACKGROUND

[0001] Embodiments of the present invention relate to
sensors, and more specifically, to controlled in-vivo sensors.

[0002] In-vivo chemical sensors are attractive areas of
research in medical device manufacturing and development.
Generally, fabrication of such chemical sensors includes
coating a surface of a sensor with a marker, such as a protein,
aptamer, deoxyribonucleic acid (DNA) segment, or some
other biomarker. The marker then attaches to the desired
analyte of interest, for example, a protein of interest, and the
signal is then transduced with a device, such as a transistor.
The sensors can include additional “non-fouling com-
pounds” that prevent the nonspecific binding of undesired
proteins.

SUMMARY

[0003] According to an embodiment, a method of protect-
ing an in-vivo sensor includes forming a sensing surface on
a surface of the in-vivo sensor, the sensing surface including
a functionalized monolayer that will bind to an analyte of
interest; and coating the sensing surface of the sensor with
a bioabsorbable polymeric coating including a bioabsorb-
able polymer; wherein the bioabsorbable polymeric coating
is configured to protect the in-vivo sensor until needed for
implantation.

[0004] According to another embodiment, a method of
fabricating a controlled in-vivo sensor includes forming a
sensing surface on a surface of a sensor, the sensing surface
including a functionalized monolayer that will bind to an
analyte of interest; and coating the sensing surface of the
sensor with a bioabsorbable polymeric coating including a
bioabsorbable polymer; wherein the controlled in-vivo sen-
sor is configured to be implantable into a living animal, and
the bioabsorbable polymeric coating is configured to desorb
after being implanted and exposed to a biological environ-
ment.

[0005] Yet, according to another embodiment, a controlled
in-vivo sensor includes a sensing surface including a func-
tionalized monolayer configured to bind to an analyte of
interest; and a bioabsorbable polymeric coating including a
bioabsorbable polymer configured to protect the sensing
surface until the controlled in-vivo sensor is implanted and
exposed to a biological environment of a living animal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The subject matter which is regarded as embodi-
ments of the invention is particularly pointed out and
distinctly claimed in the claims at the conclusion of the
specification. The foregoing and other features, and advan-
tages of the embodiments of the invention are apparent from
the following detailed description taken in conjunction with
the accompanying drawings in which:

[0007] FIGS. 1-3 illustrate exemplary methods of con-
trolled in-vivo sensing according to embodiments, in which:

[0008] FIG. 1 is a cross-sectional side view after forming
a sensing surface on a surface of a sensor;

[0009] FIG. 2 is a cross-sectional side view after disposing
a bioabsorbable polymer on the sensing surface;
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[0010] FIG. 3 is a cross-sectional side view of the sensor
after being implanted into a living animal for a period of
time;

[0011] FIG. 4A is a cross-sectional side view of a con-
trolled in-vivo sensor according to embodiments;

[0012] FIG. 4B is a cross-sectional side view of the
controlled in-vivo sensor after implantation and removal of
the bioabsorbable polymer layer;

[0013] FIG. 5A is a cross-sectional side view of a con-
trolled in-vivo sensor with several sensors according to
embodiments;

[0014] FIG. 5B is a cross-sectional side view of the
controlled in-vivo sensor after implantation and removal of
the upper bioabsorbable polymer layer;

[0015] FIG. 5C is a cross-sectional side view of the
controlled in-vivo sensor after implantation and removal of
the middle bioabsorbable polymer layer;

[0016] FIG. 5D is a cross-sectional side view of the
controlled in-vivo sensor after implantation and removal of
the bottom bioabsorbable polymer layer;

[0017] FIG. 6 illustrates a flow diagram of a method for
controlled in vivo sensing according to embodiments;
[0018] FIG. 7 is a flow diagram of a method for controlled
in vivo sensing according to embodiments; and

[0019] FIG. 8is a cross-sectional side view of a controlled
in-vivo sensor according to embodiments.

DETAILED DESCRIPTION

[0020] Embodiments of the present invention are
described herein with reference to the related drawings.
Alternative embodiments can be devised without departing
from the scope of this invention. It is noted that various
connections and positional relationships (e.g., over, below,
adjacent, etc.) are set forth between elements in the follow-
ing description and in the drawings. These connections
and/or positional relationships, unless specified otherwise,
can be direct or indirect, and the present invention is not
intended to be limiting in this respect. Accordingly, a cou-
pling of entities can refer to either a direct or an indirect
coupling, and a positional relationship between entities can
be a direct or indirect positional relationship. As an example
of an indirect positional relationship, references in the
present description to forming layer “A” over layer “B”
include situations in which one or more intermediate layers
(e.g., layer “C”) is between layer “A” and layer “B” as long
as the relevant characteristics and functionalities of layer
“A” and layer “B” are not substantially changed by the
intermediate layer(s).

[0021] The following definitions and abbreviations are to
be used for the interpretation of the claims and the specifi-
cation. As used herein, the terms “comprises,” “comprising,”
“includes,” “including,” “has,” “having,” “‘contains” or
“containing,” or any other variation thereof, are intended to
cover a non-exclusive inclusion. For example, a composi-
tion, a mixture, process, method, article, or apparatus that
comprises a list of elements is not necessarily limited to only
those elements but can include other elements not expressly
listed or inherent to such composition, mixture, process,
method, article, or apparatus.

[0022] Additionally, the term “exemplary” is used herein
to mean “serving as an example, instance or illustration.”
Any embodiment or design described herein as “exemplary”
is not necessarily to be construed as preferred or advanta-
geous over other embodiments or designs. The terms “at
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least one” and “one or more” are understood to include any
integer number greater than or equal to one, i.e. one, two,
three, four, etc. The terms “a plurality” are understood to
include any integer number greater than or equal to two, i.e.
two, three, four, five, etc. The term “connection” can include
an indirect “connection” and a direct “connection.”

[0023] References in the specification to “one embodi-
ment,” “an embodiment,” “an example embodiment,” etc.,
indicate that the embodiment described can include a par-
ticular feature, structure, or characteristic, but every embodi-
ment may or may not include the particular feature, struc-
ture, or characteristic. Moreover, such phrases are not
necessarily referring to the same embodiment. Further, when
a particular feature, structure, or characteristic is described
in connection with an embodiment, it is submitted that it is
within the knowledge of one skilled in the art to affect such
feature, structure, or characteristic in connection with other
embodiments whether or not explicitly described.

[0024] For purposes of the description hereinafter, the
terms “upper.” “lower,” “right,” “left,” “vertical,” “horizon-
tal,” “top,” “bottom,” and derivatives thereof shall relate to
the described structures and methods, as oriented in the
drawing figures. The terms “overlying,” “atop,” “on top,”
“positioned on” or “positioned atop” mean that a first
element, such as a first structure, is present on a second
element, such as a second structure, wherein intervening
elements such as an interface structure can be present
between the first element and the second element. The term
“direct contact” means that a first element, such as a first
structure, and a second element, such as a second structure,
are connected without any intermediary conducting, insu-
lating or semiconductor layers at the interface of the two
elements. It should be noted that the term “selective to,”
such as, for example, “a first element selective to a second
element,” means that the first element can be etched and the
second element can act as an etch stop.

[0025] As used herein, the terms “about,” “substantially,”
“approximately,” and variations thereof are intended to
include the degree of error associated with measurement of
the particular quantity based upon the equipment available at
the time of filing the application. For example, “about” can
include a range of 8% or 5%, or 2% of a given value.

[0026] For the sake of brevity, conventional techniques
related to semiconductor device and integrated circuit (IC)
fabrication may or may not be described in detail herein.
Moreover, the various tasks and process steps described
herein can be incorporated into a more comprehensive
procedure or process having additional steps or functionality
not described in detail herein. In particular, various steps in
the manufacture of semiconductor devices and semiconduc-
tor-based ICs are well known and so, in the interest of
brevity, many conventional steps will only be mentioned
briefly herein or will be omitted entirely without providing
the well-known process details.

[0027] Turning now to a description of technologies that
are more specifically relevant to aspects of the present
invention, embodiments herein are directed to in-vivo sens-
ing, as mentioned above. Prior to implantation into the body
of a living animal, the in-vivo sensor is initially sterilized to
prevent infection. The sensors have finite lifetimes, for
example hours or days, after which time the sensor can
become non-functional, whether or not they are exposed to
a biological environment.

2 <

29 <
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[0028] There are two challenges that can be associated
with such in-vivo sensors. First, in-vivo sensors can be
challenging to sterilize because thin organic films arranged
on their surfaces can be unstable under sterilization condi-
tions. Second, although “non-fouling” coatings can be incor-
porated into the sensors to delay deterioration of a functional
sensor, the sensor surfaces can nonetheless foul over time.

[0029] Accordingly, described herein are methods of fab-
ricating in-vivo sensors with a bioabsorbable coating that is
configured to desorb over a predetermined and controlled
period of time. The bioabsorbable coating allows for the
introduction of new sensors at some time after implantation.
The bioabsorbable coating also allows for sterilization, as
the coating protects the organic films arranged beneath.
According to embodiments, the bioabsorbable coating thick-
ness and composition are controlled to expose the sensor to
the in-vivo environment at controlled times after implanta-
tion.

[0030] Turning now to the figures, FIGS. 1 and 2 illustrate
methods of fabricating an in-vivo sensor 100. Sensor 100
includes a substrate 101 with a sensing surface 102 arranged
on the substrate 101. In FIG. 1, a sensing surface 102 is
formed on substrate 101. The substrate 101 can include, but
is not limited to, metals, metal alloys, semiconductors,
insulators, or a combination thereof In an exemplary
embodiment, the substrate 101 includes a gold film.

[0031] The sensing surface 102 includes a monolayer 103
arranged on a surface of the substrate 101. The monolayer
103 includes a functional group that is bound to the substrate
101. For example, when the substrate 101 is a gold film, the
monolayer 103 can include a thiolated end group that bonds
to the substrate 101. The monolayer 103 includes a polymer
that extends from a surface of the substrate 101 to a chemical
moiety 104.

[0032] The monolayer 103 can include any polymer or
copolymer. The monolayer 103 can include hydrophobic
polymers, such as polysiloxane, and/or hydrophilic poly-
mers, such as polyuria and polyurethane. The monolayer
103 can include a blend of two or more polymers, each of
which can include a combination of two or more polymers
with different characteristics, including combinations of
hydrophobic and hydrophilic polymers. In embodiments, the
monolayer 103 includes polyethylene glycol (PEG). In other
embodiments, the hydrophilic polymer includes a copoly-
mer of polypropylene glycol and PEG.

[0033] The monolayer 103 is functionalized with chemical
moiety 104. Chemical moiety 104 can be, but is not limited
to, a protein, an antibody, an aptamer, a DNA segment, an
RNA segment, a chemical compound, or a combination
thereof. The chemical moiety 104 extends from the surface
of the monolayer 103. The chemical moiety 104 can be any
compound or molecule that can attach to the monolayer 103
and bond or interact with an analyte of interest once intro-
duced into the body of a living animal.

[0034] The monolayer 103 functionalized with the chemi-
cal moiety 104 forms a thin organic film on a surface of the
substrate 101. The monolayer 103 can have a thickness that
generally varies and is not intended to be limited. In some
embodiments, the monolayer 103 has a thickness in a range
from about 0.5 to about 50 nm. In other embodiments, the
monolayer 103 has a thickness in a range from about 10 to
about 15 nm. Yet, in other embodiments, the monolayer 103
has a thickness outside of these ranges.
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[0035] The sensor 100 can be any type of implantable
sensor. The sensor 100 can be, for example, a chemical or
biochemical sensor. The sensor 100 is configured to be
implanted in a living animal (such as a living human). The
sensor 100 can be configured for detection or continuous
monitoring of an analyte of interest, such as glucose, oxy-
gen, cardiac markers, low density lipoprotein, high density
lipoprotein, or triglycerides. The sensor 100 can be config-
ured to monitor for pathogen, such as for example, bacteria
(e.g., methicillin resistant staphylococcus aureus (MRSA))
or viruses.

[0036] FIG. 2 is a cross-sectional side view after disposing
a bioabsorbable polymer layer 210 on the sensing surface
102. The bioabsorbable polymer layer 210 is a coating that
includes a bioabsorbable polymer. The bioabsorbable poly-
mer layer 210 covers the sensing surface 102 and protects
the sensing surface 102 during subsequent sterilization prior
to implantation in a living animal. The bioabsorbable poly-
mer layer 210 protects the thin organic films of the func-
tionalized monolayer 103 from the high temperature and
pressure of the sterilization conditions.

[0037] The thickness of the bioabsorable polymer layer
210 is not intended to be limited and can be tailored as
desired. The bioabsorbable polymer layer 210 compositions
and thickness can be tailored and controlled so that they
desorb over time after being implanted in a living animal.
Such control allows for the “introduction” of new sensors
after a given time following initial implantation. The sensor
100 can then be exposed to the biological environment after
implantation at controlled times.

[0038] In some embodiments, the thickness of the bicab-
sorbable polymer layer 210 is in a range from about 50 to
about 1000 nm. In other embodiments, the thickness of the
bioabsorbable polymer layer 210 is in a range from about
200 to about 300 nm.

[0039] The composition of the bioabsorbable polymer
layer 210 can also be tailored as desired and is not intended
to be limited. The bioabsorbable polymer of the layer 210
can include a bioabsorbable polymer. The polymer can
include, but is not limited to, lactic acid, glycolic acid,
glucose, polytrimethylene carbonate, collagen, laminin,
hydroxyapatite, hyaluronan, and/or amino acids. In some
embodiments, the polymer can include one or more linear
polyesters such as, for example, polycaprolactone, poly-
ester-ethers (such as polydioxanone), polyamino acids (such
as poly-glutamate, poly-lysine, poly-leucine), poly-anhy-
drides (such as polysebacic acid), including derivatives,
copolymers, and any combination thereof. The polymer can
be a cross-linking polymer in some embodiments. In
embodiments, the polymer is poly lactic acid.

[0040] The bioabsorbable polymer layer 210 covers the
sensing surface 102 and can be deposited by any methods,
which depend on the composition and desired thickness of
the layer itself. In some embodiments, the bioabsorbable
polymer layer 210 can be deposited by spin coating onto the
sensing surface 102 of the sensor 100.

[0041] For simplicity, only a cut away portion of the
sensor 100 is being shown. The size, shape, and dimensions
of the sensor 100 can generally vary and depends on the
particular application, for example, where the sensor will be
implanted and the desired sensing function. Therefore, the
sensor 100 can have any desired size, shape, and dimen-
sions.
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[0042] Once the sensor 100 is formed with the bioabsorb-
able polymer layer 210, the sensor 100 is sterilized. The
sensor 100 can be sterilized under conditions suitable to
render the sensor 100 sterile. The sensor 100 can be steril-
ized, for example, under elevated temperature and high
pressure conditions. The sensor 100 can be sterilized under
high pressure saturated steam at high temperatures. The
sensor 100 can be sterilized using industrial instrumentation,
such as an autoclave machine. The composition and thick-
ness of the bioabsorbable polymer layer 210 is controlled
such that the sensor 100 can withstand the sterilization
conditions necessary to sterilize the sensor 100 before being
implanted into the living animal.

[0043] Although non-fouling compounds can be generally
incorporated in implantable sensors to prevent non-specific
binding of undesired analytes, even non-fouling compounds
foul over time. Fouling, or deterioration of the non-fouling
compounds over time, can result in non-specific binding of
undesired analytes to the sensor. The non-fouling com-
pounds also cannot protect the thin organic layers of the
sensor during sterilization.

[0044] FIG. 3 is a cross-sectional side view of the sensor
100 after being implanted into a living animal for a period
of time. The sensor 100 can be implanted into a living
animal’s arm, wrist, leg, abdomen, peritoneum, or other
region suitable for sensor implantation. The sensor 100 can
be implanted beneath the skin, such as in the subcutaneous
or peritoneal tissue. The living animal can be a human or any
other living animal, such as a mouse or rabbit.

[0045] After being implanted in the living animal, the
bioabsorbable polymer layer 210 desorbs (dissolves or is at
least partially removed from the surface of the sensor) over
a period of time. Because the thickness and composition of
the bioabsorbable polymer layer 210 can be tailored and
controlled to desorb over a known and controlled period of
time, the sensor 100 with the functionalized monolayer 103
(sensing surface 102) is exposed to the biological environ-
ment to be sensed at a controlled period of time.

[0046] Once a sensor without any protection is implanted
in a living animal and exposed to the biological environment
of the living animal, the sensor will eventually foul, or
deteriorate. Even an unexposed sensor, before implantation,
will eventually foul or deteriorate over time.

[0047] The bioabsorbable polymer layer 210, however,
will slowly desorb or dissolve over a controlled period of
time to expose the sensing surface 102 of the sensor to the
biological environment. Similar to dissolvable sutures, for
example, the bioabsorbable polymer layer 210 will dissolve
or be removed to expose the sensing surface 102 after a
known period time. The bioabsorable polymer layer 210
allows for exposure of a “new” sensor over a given and
controlled time period. Thus the bioabsorbable polymer
layer 210 provides a time-released biosensor. In embodi-
ments, different sensors can be arranged as layers of differ-
ent thicknesses or arranged side-by-side. The thickness
and/or composition of each sensor can be adjusted to expose
the sensors at different times.

[0048] Once the sensing surface 102 of the sensor 100 is
exposed, the chemical moiety 104 interacts with or bonds to
the analyte of interest 303. The analyte of interest 303 can
be, but is not limited to, amino acids, proteins, peptides,
sugars, carbohydrates, gas molecules, primary metabolites,
secondary metabolites, lipids, nucleotides or nucleic acids,
microbes, viruses, hormones, hydrocarbons, vitamins,
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amides, amines, glycosides, or any combination thereof. The
analyte of interest 303 can be any natural biomolecule or
biological byproduct formed in a living animal or found in
a living animal. After the sensor binds to the analyte of
interest, the signal is then transduced with a device, such as
a transistor.

[0049] FIG. 4A is a cross-sectional side view of a con-
trolled in-vivo sensor 400 according to embodiments. A
non-fouling coating 410 is applied to the sensing surface 102
of the sensor 400. The non-fouling coating 410 provides
some protection to the thin organic film of the sensor 400
and prevents non-specific binding of undesired analytes.

[0050] Examples of non-fouling coatings (or anti-fouling
coatings) include, but are not limited to, zwitterionic coat-
ings, hydrophilic polymer coatings (e.g. poly- and oligoeth-
ylene glycol, PEG and OEG), mono-, oligo- and polysac-
charide-based coatings, protein-based coatings, or coatings
that include a combination thereof.

[0051] The thickness of the non-fouling coating 410 gen-
erally varies and is not intended to be limited. In some
embodiments, the thickness of the non-fouling coating 410
of the sensor 400 is in a range from about 50 to about 1000
nm. In other embodiments, the thickness of the non-fouling
coating 410 of the sensor 400 is in a range from about 400
to about 500 nm. Yet, in other embodiments, the thickness of
the non-fouling coating 410 is not limited to the aforemen-
tioned thicknesses and can be tailored as desired. It is noted
that the thickness of the non-fouling coating 410 shown in
FIG. 4 is for representation purposes only and is not
intended to drawn to scale.

[0052] After depositing the non-fouling coating 410 on the
sensing surface 102, a bioabsorbable polymer layer 420 is
deposited on the surface of the sensor 400. The bioabsorb-
able polymer layer 420 is disposed on top of the non-fouling
coating 410, which protects both the non-fouling coating
410 and any exposed areas of the sensing surface 102. The
composition and thickness of the bioabsorbable polymer
layer 420 is described above with reference to FIG. 2.

[0053] The bioabsorbable polymer layer 420 can be ster-
ilized and then implanted in a living animal as described
above with reference to FIG. 3. The bioabsorbable polymer
layer 420 protects the non-fouling coating 410 from the
harsh conditions that the sensor 400 is subjected to during
sterilization.

[0054] After the sensor is then implanted into the living
animal, the bioabsorbable polymer layer 420 will then
dissolve or be removed from the surface of the sensor 400
to expose the non-fouling coating 420 and/or the sensing
surface 102 after a known period of time, as shown in FIG.
4B.

[0055] FIG. 5A is a cross-sectional side view of a con-
trolled in vivo sensor 500 according to embodiments. In-
vivo sensor 500 includes a sensing surface 530 with several
different sensors extending from the monolayer 103. The
sensing surface 530 includes a first chemical moiety 504
(first sensor), a second chemical moiety 505 (second sensor),
and third chemical moiety 506 (third sensor). Several layers
of bioabsorbable polymers, or a thick layer of a single
bioabsorbable polymer that covers all three sensors (first,
second, and third sensors). Although first sensor, second
sensor, and third sensor are shown as being arranged across
the entire substrate, each sensor can be arranged side-by-
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side. Bach sensor can have different thicknesses and/or
compositions such that the sensors are exposed at different
times.

[0056] First bioabsorbable polymer layer 510 covers the
first sensor (first chemical moiety 504). Second bioabsorb-
able polymer layer 511 covers the second sensor (second
chemical moiety 505). Third bioabsorbable polymer layer
512 covers the third sensor 506 (third chemical moiety).
[0057] After the sensor 500 is then implanted into the
living animal, the upper bioabsorbable polymer layer (third
bioabsorbable polymer layer 512) is removed over time, or
dissolved to expose third sensor 506 of the sensing surface
530, as shown in FIG. 5B. Exposure of the third sensor
occurs initially over a known period of time.

[0058] Then, after a longer period of time, the next/middle
bioabsorbable polymer layer (second bioabsorbable polymer
layer 511) is removed over time, or dissolved to expose
second sensor 505 of the sensing surface 530, as shown in
FIG. 5C.

[0059] Then, after an even longer period of time, the
bottomy/last bioabsorbable polymer layer (first bioabsorbable
polymer layer 510) is removed over time, or dissolved to
expose first sensor 504 of the sensing surface 530, as shown
in FIG. 5C.

[0060] Thus, by staggering different sensors and bioab-
sorbable polymer layers on a single sensing surface, new and
different sensors can be exposed over a staggered period of
time. For example, different sensors can be exposed at, for
example, day 1, day 7, day 14, day 21, etc. Such staggering
allows for long-term monitoring in-vivo and mitigates the
problem of sensor fouling. Although three sensors are shown
in FIGS. 5A-5D, the controlled in-vivo sensors described
herein can include any number of sensors and layers.
[0061] Although the compositions of the bioabsorbable
polymer layers can be different in composition, in some
embodiments first bioabsorbable polymer layer 510, second
bioabsorbable polymer layer 511, and third bioabsorbable
polymer layer 512 are the same polymeric composition.
When the compositions are the same, different sensors are
still exposed over a staggered period of time as the polymer
layers desorb or dissolve to gradually expose the sensing
surface.

[0062] Although not shown, additional non-fouling coat-
ings can be included in the sensor 500. The non-fouling
coatings are described above with reference to FIG. 4A and
can be disposed beneath the bioabsorbable polymer layers.
[0063] FIG. 6 illustrates a flow diagram of a method for
controlled in vivo sensing according to embodiments. In box
601, the method includes fabricating a controlled in-vivo
sensor. Various in-vivo sensors are described above. In box
602, the method includes implanting the controlled in-vivo
sensor in a living animal. In box 603, the method includes
sensing an analyte of interest over time using the controlled
in-vivo sensor.

[0064] FIG. 7 is a flow diagram of a method for controlled
in vivo sensing according to embodiments. In box 701, the
method includes coating a sensing surface of a sensor with
a bioabsorbable polymer. In box 702, the method includes
sterilizing the sensor. In box 703, the method includes
implanting the sensor in a living animal. In box 704, the
method includes sensing an analyte.

[0065] FIG. 8is a cross-sectional side view of a controlled
in-vivo sensor 800 according to embodiments. The sensor
800 includes a substrate 801 and a sensing surface 802. In
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an exemplary embodiment, the substrate 801 includes a
metal film, such as a gold or silver film.
[0066] The sensing surface 8§02 includes an organic mono-
layer. The organic monolayer includes a polymer 811
extending from the surface of the substrate 801. The poly-
mer 811 can be a copolymer. In exemplary embodiments, the
polymer includes PEG.
[0067] The polymer 811 is bound to the surface of the
substrate 801 via a first functional group 810. The first
functional group 810 can be any chemical functional group
that can interact with the substrate §01. For example, the first
functional group 810 can be a thiol group when the substrate
801 is a gold film.
[0068] On the opposing end of the polymer 811 is a second
functional group 812 that contacts or bonds to the chemical
moiety 813 that will interact with or sense the analyte of
interest once the sensor 800 is implanted. In exemplary
embodiments, the chemical moiety is an antibody, such as
1gG.
[0069] The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments described. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
described herein.
1. A method, comprising:
forming a sensing surface on a surface of the an in-vivo
sensor, the sensing surface comprising a first sensor and
a second sensor having different thicknesses and com-
positions, the first sensor binding to a first analyte of
interest a second sensor binding to a second analyte of
interest;
coating the first sensor with a first bioabsorbable poly-
meric coating comprising a first bioabsorbable poly-
mer, the first bioabsorbable polymeric coating covering
and surrounding the first sensor and having a thickness
in a range from about 50 to about 1,000 nanometers
(nm);
coating the second sensor with a second bioabsorbable
polymeric comprising a second bioabsorbable polymer,
the second bioabsorbable polymeric coating covering
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and surrounding the second sensor and having a thick-
ness in a range from about 50 to about 1,000 nm; and

sterilizing the in-vivo sensor, at elevated temperature and
high pressure, after coating the sensing surface with the
bioabsorbable polymeric coating; and

implanting the in-vivo sensor in an individual, the second

bioabsorbable coating desorbing over time to expose
the second sensor, and the first bioabsorbable coating
desorbing subsequent to the first bioabsorbable coating
to expose the first sensor.

2. (canceled)

3. The method of claim 1, wherein the first sensor or
second sensor comprises an antibody.

4. The method of claim 1, wherein the first sensor and the
second sensor are arranged side-by-side.

5. (canceled)

6. (canceled)

7. (canceled)

8. The method of claim 1, wherein the coating is spin-
coating.

9. (canceled)

10. (canceled)

11. The method of claim 1, wherein the first bioabsorbable
polymer or second bioabsorbable polymer is polylactic acid.

12. The method of claim 1, wherein the first bioabsorbable
polymer or second bioabsorbable polymer is a cross-linking
polymer.

13. The method of claim 1, wherein the surface of the
sensor comprises a metal film.

14. The method of claim 1, wherein the first sensor or the
second sensor comprises an antibody.

15. (canceled)

16. (canceled)

17. The method of claim 1, wherein the sensing surface
comprises functionalized polyethylene glycol.

18. The method of claim 1, wherein the first bioabsorbable
polymer or second bioabsorbable poymer comprises lactic
acid, glycolic acid, glucose, polytrimethylene carbonate,
collagen, laminin, hydroxyapatite, hyaluronan, amino acid,
or a combination thereof.

19. (canceled)

20. The method of claim 1, wherein the first sensor or the
second sensor comprises an antibody.

21. The method of claim 1 further comprising disposing
a non-fouling coating on the sensing surface.

* #* * #* #®



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCHRS

CPCH%E=

H 20T S0k
ShEREELE

BEG®F)

RIPERERBERN T ZBEEGAEBRBRNERE LERBNKRE , Rk

RENGAERERE

US20180117624A1 NI (»&E)B

US15/340180 RiEH

EFRE L HL28 2 7]

=N IR/

EFRE AL ALER 2 R

HAN SHU JEN
KUMAR BHARAT
TULEVSKI GEORGE S

HAN, SHU-JEN
KUMAR, BHARAT
TULEVSKI, GEORGE S.

B05D1/00 A61B5/00 A61B5/145 B05D7/00 BO5D3/04

patsnap

2018-05-03

2016-11-01

B05D1/005 A61B5/0004 A61B5/14503 B05D3/0413 A61B5/14542 A61B5/14546 BO5D7/5483 A61B5

/14532 GO1N1/00
US9999899

Espacenet USPTO

701
‘ Coating a sensing surface of a sensor with a bioabsorbable polymer lf

RNEZHEDERERBRNBOTNEESNUELERE FRESEWTRK
REMNWENTRBR SR RBERFNRNRE,E PR LY
BRURENREREEN R FIRERERREDTEEA,

702
Sterilizing the sensor |-‘

703
[ Implanting the sensor in a user |f

704
| Sensing an analyte ff



https://share-analytics.zhihuiya.com/view/9f88af88-9d19-4245-9215-724742f2ec80
https://worldwide.espacenet.com/patent/search/family/062019782/publication/US2018117624A1?q=US2018117624A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180117624%22.PGNR.&OS=DN/20180117624&RS=DN/20180117624

