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(7) ABSTRACT

A device, system, and method for delivering a device such as
a sensor or fluid transport structure or a fluid transport struc-
ture sensor combination into, for example, mammalian skin
and receiving, analyzing, and displaying signals from the
device such as a sensor are disclosed. A system in accordance
with embodiments of the present invention includes a reus-
able sensor assembly including a transmitter, microcontrol-
ler, and housing plus disposable sensor assembly including a
housing having an opening for receiving both the distal end of
abiosensor, a sensor insertion guidance structure, and a trans-
mission apparatus for transmitting signals received from the
sensor to a reusable sensor assembly for transmission to an
external electronic monitoring unit.
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RESPOSABLE BIOSENSOR ASSEMBLY AND
METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Application No. 60/883,121, filed Jan. 2, 2007. The
entire disclosure of U.S. Provisional Patent Application No.
60/883,121, entitled “Resposable Biosensor Assembly and
Method,” is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] This present invention relates generally to devices
for delivering mechanically slender devices through skin into
abody to perform various medical or physiological functions.
More specifically, the present invention relates to an appara-
tus for transcutaneous placement of a soft cannula biosensor
or flexible biosensor safely and automatically, using a respos-
able biosensor assembly having both a reusable and a dispos-
able portion.

BACKGROUND

[0003] Many slender and flexible medical devices are
designed to be inserted through the skin. For example, sensors
facilitate the sensing of certain conditions within a patient.
Electrochemical sensors are commonly used to monitor
blood glucose levels in the management of diabetes. In one
scheme, an electrochemical sensor incorporating an enzyme
is fabricated onto a small diameter wire. A second reference
electrode is also fabricated around the wire near the sensing
electrode. The sensor assembly is inserted through the skin so
that it is surrounded by interstitial fluid. A portion of the
sensor remains outside the body, where electrical connections
to the sensing electrode and reference electrode may be made.
A suitable electronic measuring device outside the body may
be used to measure electrical current from the sensor for
recording and display of a glucose value, or other measure-
ment. These types of devices are described, for example, in
U.S. Pat. No. 5,965,380 to Heller et al. and U.S. Pat. No.
5,165,407 to Wilson et al.

[0004] In addition to electrochemical glucose sensors, a
number of other electrochemical sensors measure the chem-
istry of blood or other body fluids or materials. Electrochemi-
cal sensors generally make use of one or more electrochemi-
cal processes and electrical signals to measure a parameter.
Other sensors use optical techniques to perform a measure-
ment.

[0005] Biosensors are sometimes housed in an apparatus
that sits on the skin during operation. To prevent infection and
for other reasons, the apparatus may be discarded after each
use.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Embodiments of the present invention will be
readily understood by the following detailed description in
conjunction with the accompanying drawings. To facilitate
this description, like reference numerals designate like struc-
tural elements. Embodiments of the invention are illustrated
by way of example and not by way of limitation in the figures
of the accompanying drawings.

[0007] FIG.1 shows ablock diagram of aresposable sensor
assembly in accordance with embodiments of the present
invention;
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[0008] FIG. 2A illustrates an embodiment of an electro-
chemical glucose sensor that has been fabricated onto a length
of thin, flexible wire in accordance with embodiments of the
present invention;

[0009] FIG. 2B shows a cross-section of how an electro-
chemical sensor may appear when inserted into skin in accor-
dance with an embodiment of the present invention;

[0010] FIG. 3 shows a resposable sensor assembly and an
insertion tool, in accordance with embodiments of the inven-
tion, prior to insertion of a biosensor;

[0011] FIG. 4 shows a resposable sensor assembly and an
insertion tool, in accordance with embodiments of the inven-
tion, placed onto skin;

[0012] FIG. 5 shows a resposable sensor assembly inaccor-
dance with embodiments placed onto skin and with a biosen-
sor inserted into skin;

[0013] FIG. 6 shows a biosensor with a guide tab in accor-
dance with embodiments of the invention;

[0014] FIG. 7 shows a disposable sensor assembly portion
of a resposable sensor assembly in accordance with embodi-
ments of the invention;

[0015] FIG. 8 shows a resposable sensor assembly with a
reusable sensor assembly placed onto skin directly and a
disposable sensor assembly also placed directly onto skin in
accordance with embodiments;

[0016] FIG. 9 shows a block diagram of the interaction of
various electrical components and functions of a resposable
sensor assembly in accordance with embodiments of the
invention;

[0017] FIG. 10 shows a resposable sensor assembly with a
mechanism for retracting an inserted biosensor into a dispos-
able sensor assembly in accordance with embodiments of the
present invention; and

[0018] FIGS.11A,11B, and 11C show a resposable sensor
assembly with a hinged RSA arrangement in accordance with
embodiments of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS OF THE INVENTION

[0019] In the following detailed description, reference is
made to the accompanying drawings which form a part hereof
wherein like numerals designate like parts throughout, and in
which is shown by way of illustration embodiments in which
the invention may be practiced. It is to be understood that
other embodiments may be utilized and structural or logical
changes may be made without departing from the scope of the
present invention. Therefore, the following detailed descrip-
tion is not to be taken in a limiting sense, and the scope of
embodiments in accordance with the present invention is
defined by the appended claims and their equivalents.

[0020] Various operations may be described as multiple
discrete operations in turn, in a manner that may be helpful in
understanding embodiments of the present invention; how-
ever, the order of description should not be construed to imply
that these operations are order dependent. Also, not all opera-
tions are necessary; the inclusion of an operation in the
description should not be construed to imply that it is neces-
sary unless so stated.

[0021] The description (including the claims) may use per-
spective-based descriptions such as up/down, back/front, and
top/bottom. Such descriptions are merely used to facilitate the
discussion and are not intended to restrict the application of
embodiments of the present invention.
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[0022] The terms “coupled” and “connected,” along with
their derivatives, may be used. It should be understood that
these terms are not intended as synonyms for each other.
Rather, in particular embodiments, “connected” may be used
to indicate that two or more elements are in direct physical or
electrical contact with each other. “Coupled” may mean that
two or more elements are in direct physical or electrical
contact. However, “coupled” may also mean that two or more
elements are not in direct contact with each other, but vet still
cooperate or interact with one another.

[0023] Forthe purposes of the present invention, a phrase in
the form “A/B” or in the form “A and/or B” means “(A), (B),
or (A and B)”. For the purposes of the present invention, a
phrase in the form “at least one of A, B, and C” means “(A),
(B), (C), (A and B), (A and C), (B and C), or (A, B and C)”.
For the purposes of the present invention, a phrase in the form
“(A)B” means “(B) or (AB)” that is, A is an optional element.
[0024] The description may use the phrases “in an embodi-
ment,” or “in embodiments,” which may each refer to one or
more of the same or different embodiments. Furthermore, the
terms “comprising,” “including,” “having,” and the like, as
used with respect to embodiments of the present invention,
are synonymous.

[0025] Theterm “actuator” refers to any of various electric,
hydraulic, magnetic, pneumatic, or other means by which
something is moved or controlled.

[0026] The phrase “sensor insertion guidance structure”
means a physical structure that either guides an analyte sensor
in a pre-determined direction, provides axial support to the
sensor upon application of motive force to the sensor, or both.
Additional details about suitable guidance structures may be
found in U.S. patent application Ser. No. 11/558,394, filed
Nov. 9, 2006, the entire contents of which are hereby incor-
porated by reference.

[0027] Theterm “axial support” means the suppott or brac-
ing of a relatively straight, slender object when a motive force
1s applied to the object in such a way as to resist force vectors
acting perpendicular to an imaginary line drawn through the
device lengthwise; such support or bracing sufficient to pre-
vent or reduce crimping, creasing, folding, or bending of the
straight, slender object; or such support or bracing sufficient
to enable the object to return to a relatively straight configu-
ration after the motive force ceases to be applied such that the
object substantially retains its original shape with minimal
crimping, creasing, folding, or bending.

[0028] For the purposes of describing embodiments of the
present invention and in the claims that follow, the term
“electrical network™ means electronic circuitry and compo-
nents in any desired structural relationship adapted to, in part,
receive an electrical signal from an associated sensor and,
optionally, to transmit a further signal, for example to an
external electronic monitoring unit that is responsive to the
sensor signal. The circuitry and other components may or
may not include a printed circuit board, a tethered or wired
systemnl, etc. Signal transmission may occur wirelessly with
electromagnetic waves using, for example, RF communica-
tion, or data may be read using inductive coupling. In other
embodiments, transmission may be over a wired or other
direct connection.

[0029] Embodiments may provide a resposable sensor
assembly comprising both a reusable sensor assembly (RSA)
and a disposable sensor assembly (DSA). In an embodiment,
an RSA may include, for example, a transmitter, a microcon-
troller, and a battery. In an embodiment, the microcontroller
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may be configured to receive measurement signals from an
analyte sensor disposed within the DSA that has been par-
tially inserted into animal skin; such as for example the skin
of a human patient. The microcontroller may also be config-
ured to cause the transmitter to transmit telemetry signals via
RF or other mechanism in response to the received measure-
ment signals. A separate monitoring device may monitor the
received telemetry signals and provide useful information to
a user, such as for example, a doctor, nurse, or patient regard-
ing biological or physiological conditions measured by the
analyte sensor. For example, a diabetic patient may wear the
resposable sensor assembly to monitor their blood-glucose
levels in real-time to better treat their condition.

[0030] In an embodiment, the battery of an RSA may be
configured to power a transmitter and microcontroller. The
battery may also be configured to power an analyte sensor of
orassociated witha DSA. In an embodiment, a DSA and RSA
may be adapted to be removably secured to one another. That
is, an RSA may be secured to a DSA in a way that facilitates
communicative coupling between the microcontroller and
analyte sensor, but may also be separated by a user after a
period of time such as, for example, when the analyte sensor
reaches the end of its useful life, or some other time period. At
that point, the RSA may be attached to another DSA to form
another resposable sensor assembly that may be attached
either to the same or different patient. In this way, the rela-
tively expensive components of the RSA—microcontroller,
transmitter, battery—may be reused multiple times or indefi-
nitely while the analyte sensor, which may have a much
shorter useful life, may be discarded after each use. This may,
in embodiments, make using the resposable sensor assembly
to monitor biological or physiological conditions less expen-
sive over the long-term than if the components of the RSA
were discarded along with the DSA and the analyte sensor
after each use. Further, enabling re-use of the RSA may result
in a reduction of the amount of waste generated over time.

[0031] Anembodiment of a resposable biosensor insertion
apparatus (resposable sensor assembly) may include, as
shown in FIG. 1, a reusable sensor assembly (RSA) 101 and
adisposable sensor assembly (DSA) 103. The components of
RSA 101, which may be encased in RSA housing 115, may
include battery 107 and electrical network 105 electrically
coupled to each other. The components of DSA 103, which
may be encased within DSA housing 117, may include sensor
111 and support tube 113 each disposed at least partially
within DSA housing 117. In embodiments, RSA housing 115
and DSA housing 117 may be made of, for example, molded
plastic or other suitable materials. Guide tab 123 may be
connected to support tube 113 and electrical connection 119.
Electrical connection 119 may connect sensor 111 via inter-
mediate electrical connections within guide tab 123 and sup-
port tube 113 to RSA 101. In embodiments, battery 107 may
be a Lithium ion battery capable of running the device for a
maximum tinme of between, for example, 3 days to 30 days, or
more. In embodiments, battery 107 may be rechargeable and
configured to be reused repeatedly. In embodiments battery
107 may be configured to be disposable. In embodiments,
battery 107 may be configured to deliver powerto DSA 103 in
addition to powering electrical network 105 within RSA 101.
In embodiments, battery 107 may be adapted to deliver any-
where from 50 mA-hr to 70 mA-hr, or more, thus enabling
electrical network 105 to continuously transmit radio fre-
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quency (RF) or other electromagnetic signals to a separate
monitoring unit for a period of approximately 3-7 days or
more.

[0032] Inembodiments, DSA 103 may be configured to be
attached to skin using a variety of mechanisms including an
adhesive substance or patch 121 secured to the bottom side of
DSA 103. In embodiments in which patch 121 is utilized,
patch 121 may be secured to DSA 103 using adhesive or a
suitable mechanical means (clips, snaps, rails, etc.) and patch
121 may be configured to be further secured to skin using
adhesive(s), bioresorbable staple(s), etc. In other embodi-
ments, the resposable sensor assembly may be configured to
be attached to a patient with a bandage.

[0033] In embodiments, patch 121 may be a breathable
patch. In embodiments, some or all of a patch, the DSA,
and/or RSA may include an antimicrobial agent/coating. In
embodiments, patch 121 may have a site-centering hole pat-
terned with an antimicrobial polymer coating patterned
around an area directly adjacent to the biosensor insertion
site. In embodiments, the coating may be, for example, silver
ion, metallic silver, colloidal silver, silver salt, silver sulfadi-
azine or another form of silver. Silver is known to have anti-
microbial characteristics. In embodiments, the coating may
be silver combined with chlorine to form silver chloride. In
embodiments, the coating may be silver/silver chloride. In
embodiments, the antimicrobial coating may be in the form of
a film that completely covers the site-centering hole and
which may be pierced by sensor 111 upon insertion into skin,
[0034] Inanembodiment, sensor 111 may be configured to
be inserted through opening 109 and into animal skin by a
suitable device (not shown) configured to supply a motive
force to sensor 111. In embodiments, DSA 103 may contain
a sensor insertion guidance structure configured to assist the
passage of sensor 111 through opening 109 and to provide
axial support to sensor 111 during insertion. In embodiments,
sensor 111 may be configured to be inserted using, in part,
support tube 113 into skin by any of various electric, hydrau-
lic, magnetic, pneumatic, or manual actuator devices includ-
ing, for example, linear solenoid actuators, rotary solenoid
actuators, CO, cartridge actuators, spring actuators, air pump
actuators, etc. In embodiments, actuators configured to
deliver a high-speed motive force sufficient to drive a thin,
flexible sensor into animal skin without the assistance of a
sharpened introducer or similar device may be included.
Additional details regarding such suitable actuators and sen-
sor insertion guidance structures suitable for providing
appropriate axial support may be found in U.S. patent appli-
cation Ser. No. 11/558,394, filed Nov. 9, 2006, the entire
contents of which are hereby incorporated by reference, and
which describes a method and apparatus for insertion of an
analyte sensor without the use of a sharpened introducer.
[0035] In embodiments, sensor 111 may be configured to
be inserted using an actuator device not situated within DSA
103, such as for example, an actuator included within an
inserter device that may be adapted to provide a sufficient
motive force to an actuator when docked onto or placed next
10 DSA 103 or RSA 101 in a certain orientation and activated
by a user or other activation mechanism.

[0036] Inotherembodiments, the resposable assembly may
include a sharpened introducer configured to assist in the
insertion of sensor 111 into skin. The introducer may be
configured to be inserted by a patient manually or using the
same or a different actuator device than that used to insert
sensor 111. In embodiments, sensor 111 may be configured to
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beinserted simultaneously with or subsequent to the insertion
of a sharpened introducer. Additional details about suitable
sharpened introducers and associated insertion devices may
be found in U.S. patent application Ser. No. 11/468,673 filed
Aug. 30, 2006 the entire contents of which are hereby incor-
porated by reference, and which describes an apparatus and
method for insertion of a sensor using a sharpened introducer
inserted using human-provided motive force. Additional
details may also be found in U.S. patent application Ser. No.
11/952,033 filed Dec. 6, 2007, the entire contents of which are
hereby incorporated by reference and which describes the
insertion of a sensor using a sharpened introducer which is
inserted into skin using an actuator device either before or
during sensor insertion.

[0037] Inembodiments, DSA 103 and sensor 111 may be
configured to be used for a maximum period of time of, for
example, 5 to 15 days. In other embodiments, sensor 111 may
be used for periods of time less than 5 days, or more than 15
days. When sensor 111 is no longer usable, DSA 103 may be
configured to be discarded. In embodiments, RSA 101 may
be configured to be detached from DSA 103 and reused with
another DSA or similar device.

[0038] In embodiments, DSA 103 and RSA 101 may be
configured to be connected prior to attachment of the com-
bined device to skin. In embodiments, connection prior to
skin attachment may allow easier connection if the device is
to be attached to a patient’s skin in an area of their body that
is difficult to see such as, for example, on the lower portion of
a patient’s body if the patient has a large apron of abdominal
fat. In other embodiments, DSA 103 and RSA 101 may be
configured to be connected after attachment of RSA 101 or
DSA 103 to the patient skin. In embodiments, sensor 111 may
be configured to be inserted prior to attachment of RSA 101 to
DSA 103.

[0039] Inembodiments, both RSA 101 and DSA 103 may
be configured to be directly secured to battery 107. Securing
to battery 107 may, in embodiments, serve as the physical
connection between RSA 101 and DSA 103. In other embodi-
ments, RSA 101 and DSA 103 may be configured to be
attached together using plastic catches, slides, rails, adhe-
sives, or other mechanisms. In embodiments, circular catches
on RSA 101 and/or DSA 103 may be configured to allow
battery 107 to snap into RSA 101 and/or DSA 103.

[0040] Inembodiments, electrical connection 119 may be a
flex cable configured to provide a high-reliability, water-re-
sistant interconnect to sensor 111 without requiring movable
contacts on sensor 111 to maintain contact with sensor 111. In
embodiments, electrical connection 119 may include slack
and thus be configured to allow it to remain connected to
guide tab 123 both during and after movement of both sensor
111 and guide tab 123 during the insertion process. Thus, in
embodiments, sensor 111 may be configured to be connected
to RSA 101 after attachment of RSA 101 to DSA 103 but
before insertion of sensor 111. Thus, sensor 111 may be
configured to be polarized prior to sensor insertion.

[0041] In embodiments, DSA 103 and RSA 101 may be
configured to transfer signals using inductive coupling,
allowing signals to pass without a direct electrical intercon-
nect (such as electrical connection 119). In such embodi-
ments, DSA 103 may be configured to generate magnetic
affects or field changes using electrical signals from sensor
111 which may bridge an insulated gap between RSA 101 and
DSA 103. RSA 101 may be configured to generate electrical
signals using the magnetic affects or field changes and to
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propagate them within the circuitry of RSA 101. Electrical
network 105 may be configured to receive such signals. In
embodiments, DSA 103 may be configured to receive power
from RSA 101 via inductive coupling.

[0042] In embodiments, electrical connection 119 may
include intermediate circuitry (not shown) configured to
assist in carrying signals from sensor 111 to electrical net-
work 105.

[0043] In embodiments, electrical network 105 may
include a transmitter configured to transmit signals to an
electronic monitoring unit (not shown). Such signals may be
conditioned or unconditioned measurement signals originat-
ing from sensor 111 and/or DSA 103. Such monitoring units
may be configured to perform various calculations, analysis,
and display of data. In addition, an electronic monitoring unit
may be configured to provide an indication of an action to be
taken based on the received data using various recommenda-
tion buttons or lights. Additional details about such display
features may be found in U.S. patent application Ser. No.
11/558,399 filed Nowv. 9, 2006, the entire contents of which
are hereby incorporated by reference and which describes the
use of shape recognition methods, apparatuses, and systems
10 classify the shape of one or more recent glucose trends
during continuous glucose monitoring and to warn the user
when specific shapes or trends are identified. Sensor 111 may
be configured to sense biological and/or physiological con-
ditions, other than those related to blood glucose levels and
trends. As such, display methods other than those taught by
U.S. patent application Ser. No. 11/558,399 may also be
utilized. Thus, U.S. application Ser. No. 11/558,399 is exem-
plary of data and display methods that may be practiced in
accordance with the present invention.

[0044] In embodiments, electrical network 105 may be
configured to receive an electrical signal from sensor 111 and
1o transmit a further signal to an external electronic monitor-
ing unit or other device. In embodiments, electrical network
105 may comprise a variety of components in any desired
structural relationship, whether or not the network has a
printed circuit board, a signal conditioner, microcontrollers,
analog to digital converters, wireless telemetry devices, trans-
mitters, receivers, power controllers, antennas, etc. and
whether ornot it is a tethered or wired system, etc. In embodi-
ments, such signal transmission may occur wirelessly with
electromagnetic waves, such as RF communication. In
embodiments, devices may be configured to read data using
inductive coupling. In other embodiments, devices may be
configured to transmit over a wire or other direct connection.
In embodiments, electrical circuitry may be placed within
RSA 101 so as to minimize or at least reduce the costs 0f DSA
103.

[0045] In embodiments, electrical network 105 may
include a display along with digital logic configured to per-
form various calculations, analysis, and display of data
received from sensor 111. In embodiments, circuitry may be
provided that is configured to generate alarms viewable on a
display or via light-emitting diodes, etc. In embodiments,
such circuitry may be configured to generate an audible
alarm. Exemplary alarms include: an out of range alarm in the
event that the resposable biosensor insertion device is moved
out of the range of transmission to an external electronic
monitoring unit; threshold alarms in case the device detects
signals from sensor 111 corresponding to dangerous or criti-
cal medical states; low battery conditions, etc.
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[0046] Inembodiments,auser may take the following steps
to use the resposable biosensor insertion apparatus shown in
FIG. 1. A user may remove DSA 103 from sterile packaging.
The user may next place RSA 101 with battery 107 fully
recharged onto the top portion of DSA 103. The user may then
attach the resposable sensor assembly onto their skin. This
may involve, in embodiments, the user removing a thin cov-
ering (for example a release liner) from the bottom of patch
121. The user may then insert sensor 111 using an integrated
actuator device and/or separate insertion tool. Next, the user
may be alerted by the resposable biosensor insertion appara-
tus or a separate electronic monitoring unit that sensor 111
needs to be calibrated. Calibration may be accomplished by
the user with a finger stick blood test or other known method
of calibration. A patient may then wear the device for a period
of time such as, for example, 5 to 15 days or more. After the
period for wearing the resposable sensor assembly has run,
the user may remove the device from their skin, decouple
RSA 101 from DSA 103, and dispose of DSA 103. The user
may next place RSA 101 onto a new DSA 103 or other DSA
removed from sterile packaging and repeat the process. In
embodiments, battery 107 may be recharged when RSA 101
is decoupled from DSA 103 with battery 107 either separate
from RSA 101 or integral with RSA 101 during recharging.
Thus, in embodiments, the user may remove battery 107 from
RSA 101 and recharge it separately. In embodiments, the
recharging unit may include load test circuitry configured to
test battery 107 and determine if it has enough remaining
power to run the resposable sensor assembly for a specified
length of time such as, for example, 1 to 15 days or more.

[0047] In various embodiments, the entire unit including
the electronic circuit may be configured to be disposable. In
an embodiment, a rechargeable battery may be configured to
be reused from one on-skin application of the resposable
sensor assembly to another. In embodiments, DSA 103 and/or
RSA 101 may house a separate disposable battery. Inembodi-
ments, RSA 101 may not have a battery. In embodiments,
RSA 101 may be configured to have power supplied by a
battery in DSA 103 by a direct wired connection, inductive
coupling, or other mechanism.

[0048] FIG. 2A shows an analyte sensor 200 configured to
be inserted into skin/tissue according to various embodiments
of the present invention. In FIG. 2A, analyte sensor 200 may
be an electrochemical glucose sensor fabricated onto a length
ofthin, flexible wire. A reference or ground electrode 205 and
a sensing electrode 207 may be incorporated into analyte
sensor 200. Small diameter end 201 (proximal end) of sensor
200 may be inserted through the skin. In an embodiment, this
diameter may be approximately 0.25 mm or less. In an
embodiment, the larger diameter end (distal end) of sensor
200 may include a sleeve of tubing 203, such as steel tubing
or silver coiled wire, which may be configured to increase its
rigidity and/or facilitate electrical connections. In some
embodiments, the diameter of the larger section may be, for
example, approximately 0.5 mm. In embodiments, the larger
diameter portion of the sensor may be configured to remain
outside of the body upon insertion. FIG. 2B shows a cross-
section of sensor 200 inserted into skin 209. In embodiments,
sensor 200 may be configured such that a portion of the length
of sensor 200 may be implanted beneath skin 209, such as for
example from 10-20 mm.

[0049] Inembodiments, a sensor may be rigid or flexible. In
some embodiments, a flexible sensor is one that may be flexed
repeatedly, such as the type of flexion experienced by a sub-
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cutaneously implanted sensor in a human during normal
movement, over a period of time (such as 3-7 days or more)
without fracture. In embodiments, a flexible sensor may be
configured to be flexed hundreds or thousands of times with-
out fracture.

[0050] In embodiments, sensor 200 may have an enlarged
portion at its distal end with an integrated power source, such
as a battery, and an inner coil of electrically conductive wire
disposed within the enlarged portion. An imagined axis of the
inner coil of wire may run parallel to, or be collinear with, a
segment of an imaginary line running through the length of
sensor 200. A corresponding outer coil of electrically con-
ductive wire, with a diameter larger than the inner coil, may
be disposed within a DSA and/or RSA included as part of a
resposable sensor assembly. The outer coil may be situated
within the resposable device such that, when sensor 200 is
inserted into skin, sensor 200 may sit within the circumfer-
ence of the outer coil and an imagined axis of the outer coil
may run parallel to, or be collinear with, the imagined axis of
the inner coil. In such an arrangement, electrical signals gen-
erated from the sensor may propagate through the inner coil
which may be configured to correspondingly generate a mag-
netic response in the outer coil which may, in turn, corre-
spondingly generate electric signals in circuitry that the outer
coil may be connected to. The resposable device may be
configured to carry these corresponding signals to other elec-
trical components of the resposable device. In this way, the
sensor may be configured to communicate with the respos-
able device via inductive coupling without the need to include
physical traces that directly connect sensor 200 to the respos-
able device.

[0051] FIG. 3 shows, in accordance with embodiments, a
resposable sensor assembly with hinged support plate 305
and separate insertion tool 313. Reusable sensor assembly
(RSA) 301 may be configured to be electrically coupled to
disposable sensor assembly (DSA) 303 via electrical connec-
tor 307. In an embodiment, RSA 301 and DSA 303 may be
configured to be physically connected. Battery 309 may be
configured to power both an electrical network (not shown)
within RSA 301 and sensor 315. In embodiments, a separate
battery (not shown) may be configured to provide power to
DSA 303 and be contained within DSA 303.

[0052] Supporttube 311 may be attached to the distal end of
sensor 315 and may, in an embodiment, extend out of the rear
of DSA 303.

[0053] Support plate 305 may be configured to be attached
1o the bottom of DSA 303 via hinge 317. Support plate 305 is
shown in an open position in FIG. 3 with an elongated angular
end of insertion tool 313 placed between support plate 305
and DSA 303. Support plate 305 may be configured to be
placed onto and attached to the skin of a patient. This attach-
ment may be by an adhesive, bioresorbable staples, or other
mechanism. An actuator (not shown) within insertion tool
313 may be configured to apply motive force to the distal end
of support tube 311 which may, in turn, cause sensor 315 to
pass through an opening in DSA 303 and be inserted into the
skin of a patient. The angle of insertion tool 313 may provide
a suitable angle for sensor 315 to enter the skin of the patient.
[0054] FIG. 4 shows a resposable sensor assembly placed
onto skin 419 of a patient with sensor 415 inserted into skin
419 in accordance with embodiments. The resposable sensor
assembly may be composed of reusable sensor assembly
(RSA)401 connected via electrical connection 407 to dispos-
able sensor assembly (DSA) 403. The resposable assembly
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may be configured to be powered by battery 409. Sensor 415
may be configured to be supported at least in part by support
tube 411. Hinged plate 405 may be attached to DSA 403 via
hinge 417 and configured to be placed directly onto skin 419
and insertion tool 414 may be configured to be placed in
between the bottom of DSA 403 and hinged plate 405.
[0055] Theedge of DSA 403 may be configured to generate
skin indentation 421 when the elongated angular end of inser-
tion tool 414 is placed between DSA 403 and hinged plate
405. Skin indentation 421 may temporarily increase the natu-
ral tension in skin 419 to more easily allow skin 419 to be
punctured with sensor 415. The opposite downward sloping
surface of skin indentation 421 may also create an area of skin
which presents an insertion angle less shallow with respect to
the direction of the insertion path of sensor 415 than if skin
indentation 421 were not present. This increased angle of
insertion and skin tension may allow sensor 415 to puncture
skin 419 upon insertion using less motive force and/or with
less chance of deflection or bending of sensor 415. Addition-
ally, the angling of the resposable sensor assembly during
insertion may achieve a proper insertion angle without
increasing the height of DSA 403.

[0056] FIG. 5 shows a resposable sensor assembly after
insertion of sensor 515 and removal of an insertion tool in
accordance with various embodiments of the present inven-
tion. After removal of an insertion tool, plate 505 may be
configured to rotate about hinge 517 and may be, in embodi-
ments, configured to come into contact with the bottom end of
disposable sensor assembly (DSA)503. Once the resposable
sensor assembly is folded down, any prior local skin inden-
tion may disappear leaving sensor 515 inserted into the skin at
an angle. In embodiments, plate 505 may be secured to the
bottom end of DSA 503 using any of various means including
an adhesive, a catch, slide, rails, staples, or other mechanism.
Securing may prevent unnecessary movement of the respos-
able sensor assembly and of sensor 515.

[0057] FIG. 6 shows a sensor assembly in accordance with
embodiments of the present invention. Sensor 601 is shown
connected to support tube 603. Support tube 603 may be
connected to guide tab 605 which may be connected to flex
cable 607. Flex cable 607 may be configured to electrically
couple guide tab 605 to watertight electrical connector 609.
Guide tab 605 may contain electrical connections (not shown)
configured to electrically couple it to sensor 601 via support
tube 603. In embodiments, guide tab 605 may be electrically
coupled directly to sensor 601. Electrical connector 609 may
be attached to a reusable portion of a resposable sensor
assembly at a fixed location which may facilitate water-seal-
ing of the resposable sensor assembly. Slack in the configu-
ration of flex cable 607 may allow movement of sensor 601
and guide tab 605 during the insertion process while main-
taining the electrical connectivity of those components to a
reusable sensor assembly (RSA). In embodiments, flex cable
607 may be constructed of an electrically conductive material
such as, for example, copper or other conductive metal(s)
surrounded by a dielectric material such as, for example, a
flexible plastic material. The electrically conductive material
may run the length of flex cable 607 in order to electrically
couple guide tab 605 to electrical connector 609.

[0058] In embodiments, traces in flex cable 607 may be
configured to extend the range of radio frequency transmis-
sion between an RSA and an electronic monitoring unit
thereby allowing the resposable sensor assembly to operate a
farther distance from the electronic monitoring unit.
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[0059] FIG. 7 shows an open-top view of disposable sensor
assembly (DSA) 701 in accordance with embodiments. DSA
701 may include DSA housing 703 with opening 705 con-
nected to guidance structure 709. Sensor 707 may be situated
inside guidance structure 709 prior to insertion. Support tube
711 and guide tab 713 may be connected to sensor 707 and
electrically coupled to electrical connector 715 via flex cable
717. Electrical connector 715 may electrically couple a reus-
able sensor assembly (RSA) to DSA 701.

[0060] Additionally, housing 703 may include battery 719
which may be configured to supplement a battery included in
a RSA. In embodiments, battery 719 may be configured to
keep sensor 707 polarized prior to attachment of aRSA. Inan
embodiment, battery 719 may have a battery life matching or
exceeding the maximum useable life of sensor 707 such as,
for example, 1 to 15 days or more. In embodiments, battery
719 may be disposable. In other embodiments battery 719
may be rechargeable. In embodiments, DSA 701 may be
attached to a RSA that includes no battery of its own. In
alternative embodiments, DSA 701 may contain no battery.

[0061] FIG. 8 shows aresposable sensor assembly in accor-
dance with embodiments ofthe present invention. Disposable
sensor assembly (DSA) 803 may be placed on top of DSA
patch 805 and reusable sensor assembly (RSA) 801 may be
placed on top of RSA patch 809. RSA patch 809 and DSA
patch 805 may be attached to the skin of a patient. In embodi-
ments, RSA patch 809 and DSA patch 805 may be a variety of
shapes, including square, rectangular, round, etc., and may be
separate or connected in a variety of ways. While shown
separated, RSA patch 809 and DSA patch 805 may be formed
as a single patch with separate regions for RSA 801 and DSA
803. While patches are discussed above, in other embodi-
ments, other securing mechanisms, such as adhesive, may be
used instead of one or more patches.

[0062] Inembodiments, RSA patch 809 and/or DSA patch
805 may be a breathable patch. In embodiments, RSA patch
809 and/or DSA patch 805 may have a site-centering hole
patterned with an antimicrobial polymer with a coating dis-
persed around an area directly adjacent to the biosensor inser-
tion site. In embodiments, the coating may be, for example,
silver ion, metallic silver, colloidal silver, silver salt, silver
sulfadiazine or another form of silver. Silver is known to have
antimicrobial characteristics. In embodiments, the coating
may include silver combined with chlorine to form silver
chloride. In embodiments, the coating may include silver/
silver chloride.

[0063] DSA 803 may include DSA casing 807 which may
contain the various compornents of DSA 803. A sensor 811
may be configured to be positioned along with a guidance
structure (not shown) next to insertion actuator §13. Insertion
actuator 813 may be configured to apply a motive force to
sensor 811 causing sensor 811 to pass through opening 815
situated on the bottom of DSA casing 807 and into the skin of
apatient. In embodiments, DS A patch 805 may include a hole
corresponding to opening 815 and thus configured to allow
the passage of sensor 811 through opening 815, through the
hole in DSA patch 805, and into the skin. In an embodiment,
female electrical connector 817 may be included on DSA
casing 807. DSA 803 may be situated on DSA patch 805 such
that female connector 817 faces in the direction of RSA 801.
[0064] Inembodiments, other electrical connecters may be
used, such as for example a male connector. In embodiments,
suitable electrical connectors may be configured and/or posi-
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tioned to assist in the alignment of a DSA and RSA with each
other and/or on an associated patch.

[0065] RSA 801 may be housed in RSA casing 827. Inside
RSA casing 827 may be surface-mounted electronics §19. In
embodiments, electronics 819 may be disposed on a printed
circuit board. In embodiments, electronics 819 may be dis-
posed on a flexible printed circuit board. In embodiments,
electronics 819 may include microcontrollers, analog-to-
digital converters, signal conditioners, power controllers,
wireless telemetry devices, etc. In embodiments, some or all
of those electrical components may be housed in DSA 803.
Antenna 821 may be electrically coupled to electronics 8§19
and configured to facilitate radio frequency transmission to a
separate electronic monitoring unit. In embodiments, a res-
posable sensor assembly may be configured to communicate
with a separate electronic monitoring unit wirelessly with
electromagnetic waves, such as RF communication, or may
be configured to transmit data using inductive coupling. In
other embodiments, a resposable sensor assembly may be
configured to transmit over a wired or other direct connection.
[0066] In an embodiment, battery 823 may be integrated
onto the top-side of RSA casing 827 for easy mounting onto
a recharging unit, or for easy removal. In embodiments, bat-
tery 823 may be a Lithium ion flat pack battery. In other
embodiments, other types of batteries may be utilized. Male
connector 825 may be configured to be connected to female
connector 817 to electrically couple RSA 801 to DSA §03. In
embodiments, battery 823 may be configured to power the
components of DSA 803 including sensor 811. In embodi-
ments, electronics 819 may be configured to receive signals
from sensor 811 sent as electrical signals to RSA 801 via
female connector 817 and male connector 825. In embodi-
ments, RSA 801 may be configured to receive signals from
sensor 811 by inductive coupling or infrared signaling. In
embodiments, DSA 803 may contain a battery (not shown) to
maintain polarization on sensor 811 prior to attachment and
to power sensor 811 after insertion.

[0067] In embodiments, male connector 825 may be, or
may include, a flex cable. In embodiments, the traces inside
the flex cable may be configured to extend the range of radio
frequency transmission from RSA 801 to an electronic moni-
toring unit (not shown). This may, in embodiments, allow
RSA 801, and therefore the patient onto whom it is attached,
to move a greater distance from the electronic monitoring unit
without disrupting transmission.

[0068] In embodiments, RSA 801 may be designed for
reuse, for example, for up to 12 times in 3 months or 50 times
in 1 year. In embodiments, RSA 801 may be configured to be
used either more or less frequently. RSA 801 may be config-
ured to be sterilized between uses using a medical autoclave,
a sterilization system from Sterrad Systems, sterilization
techniques using ethylene oxide gas, gamma radiation steril-
ization, etc. In embodiments, the resposable sensor assembly
shown in FIG. 8 may be configured to be used on multiple
patients with appropriate sterilization procedures.

[0069] Inembodiments, RSA patch 809 may include rails
(not shown) which may be configured to slidably engage with
corresponding slides (not shown) on RSA 801 for ease of
removal of RSA 801 without removal of patch 809 so that
after the power of battery 823 runs out, anew RSA witha fully
charged battery may be easily placed onto the patient and
coupled to DSA 803 via male connector 825. In embodi-
ments, DSA patch 805 and DSA 803 may include a similar
rails and slides arrangement.
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[0070] FIG.9 shows ablock diagram of electrical functions
and components within a resposable sensor assembly in
accordance with various embodiments. Reusable sensor
assembly (RSA) 901 and disposable sensor assembly (DSA)
903 are shown in a side-by-side configuration. Other configu-
rations are also possible such as, for example, stacked with
RSA 901 situated above DSA 903 and vice versa.

[0071] RSA 901 may be configured to employ wireless
telemetry 905 connected to antenna 907 for transmission of
signals received from a sensor (not shown) to an automatic
calibration and monitoring unit (ACMU) 921. In embodi-
ments, wireless telemetry 905 may employ the Institute of
Electronics and Electrical Engineers (IEEE) 802.15.4 low
rate wireless personal area network (WPAN) standard. In
other embodiments, wireless telemetry 905 may employ
other IEEE 802.15 WPAN standards. In embodiments, wire-
less telemetry 905 may employ other wireless standards and/
or protocols such as for example the Bluetooth or the ZigBee
suite of protocols.

[0072] RSA 901 may also include RSA microcontroller
925 which may contain digital logic configured to, among
other things, implement wireless telemetry 905. RSA micro-
controller 925 may be configured to receive digital signals
from receiver 909 (such as an infrared receiver) and may be
configured to employ a selected wireless telemetry protocol
and/or standard in order to prepare the received digital data
for wireless transfer to automatic calibration and monitoring
unit (ACMU) 921 in compliance with the selected wireless
telemetry protocol.

[0073] DSA 903 may contain transmitter 911 (such as an
infrared transmitter) configured to send signals received from
a sensor to receiver 909. In embodiments, transmitter 911
may be configured to transmit using a wired connection,
infrared transmission, inductive coupling, radio frequency
(RF) transmission, etc. to transmit signals to receiver 909.
[0074] Sensor bias 915 may be coupled to sensor signal
conditioning 917 and configured to provide a reference volt-
age to a sensor. Sensor bias 915 may be configured to polarize
a sensor to condition it for use. Signal conditioning 917 may
be configured to amplify, smooth out, transform, etc. a
received sensor signal. In embodiments, DSA microcontrol-
ler 919 may be configured to implement an analog to digital
conversion of the conditioned signal it receives. DSA micro-
controller 919 may be configured to send the digitized signal
to transmitter 911.

[0075] DSA 903 may also contain disposable power source
913 (such as a disposable battery). In embodiments, dispos-
able power source 913 may be configured to maintain power
to the sensor for as long as the sensor is intended to be inserted
into the skin of a patient, or longer. In embodiments, dispos-
able power source 913 may be configured to be discarded
along with DSA 903 once its useful life has expired or once
another prescribed period of time has elapsed. In other
embodiments, disposable power source 913 may be a
rechargeable battery that may be configured to be removed
from DSA 903 and placed back into DSA 903, or into another
DSA, after recharging.

[0076] RSA 901 may contain reusable battery 923. In
embodiments, reusable battery 923 may be configured to
maintain power to the sensor for as long as the sensor is
intended to be inserted into the skin of a patient, or longer. In
embodiments, reusable battery 923 may be configured to be
discarded after a single use. In other embodiments, reusable
battery 923 may be a rechargeable battery.
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[0077] Embodiments may not include disposable power
source 913. In such embodiments, reusable battery 923 may
be configured to provide power to DSA 903 via a wired
connection which may or may not be the same wired connec-
tion that connects receiver 909 to transmitter 911. In embodi-
ments, DSA 903 may be configured to receive power via
inductive coupling. Embodiments may not include reusable
battery 923. In such embodiments, RSA 901 may be config-
ured to receive power from disposable power source 913 via
a wired connection or inductive coupling. Such a wired con-
nection may or may not be the same wired connection that
connects receiver 909 and transmitter 911. In embodiments
where transmitter 911 and receiver 909 are configured to
utilize infrared or other wireless technology, DSA 903 and
RSA 901 may be configured to utilize a separate wired con-
nection to provide/receive power to/from each other. In other
wireless or infrared embodiments, DSA 903 and RSA 901
may be configured to utilize inductive coupling to provide/
receive power. In embodiments, both disposable power
source 913 and reusable battery 923 may be included.

[0078] FIG. 10 shows a stackable resposable sensor assem-
bly in accordance with various embodiments. Circular DSA
1001 may be configured to couple with indentation 1019
disposed within Reusable Sensor Assembly (RSA) 1003.
Pags-through opening 1013 in DSA 1001 may be configured
to correspond to shaft 1015 in the center of RSA 1003. DSA
1001 may be configured to be snapped into place using, for
example, an interference fit. In embodiments, plastic rails
(not shown) on the side of DSA 1001 may be configured to
slide into corresponding grooves (not shown) on the edge of
indentation 1019 and secure DSA 1001 and RSA 1003 using
an interference fit. In embodiments, DSA 1001 may be con-
figured to be secured into indentation 1019 using other
mechanisms.

[0079] RSA 1003 may be configured to be placed onto skin
prior to attachment of DSA 1001, or, in embodiments, DSA
1001 may be configured to be coupled to RSA 1003 prior to
being placed onto skin. In embodiments, RSA 1003 may be
configured to be attached to skin using an adhesive. In
embodiments, a patch with adhesive substances on both sides
may be used on the bottom of RSA 1003 and configured to
attach RSA 1003 to skin. In an embodiment that utilizes a
patch, a cut-out portion of the patch may be positioned to
allow sensor 1009 to pass through the plane occupied by the
patch so that sensor 1009 need not pass through the patch
material when inserted.

[0080] Inanembodiment, DSA 1001 may contain top plate
1005 and bottom plate 1007 which may each be configured to
rotate relative to each other. Sensor 1009 may be configured
to be placed inside DSA guidance structure 1011 within bot-
tom plate 1007. Sensor 1009 may be attached at its distal end
to top plate 1005 and be configured to be contained entirely
within DSA guidance structure 1011. Pass-through opening
1013 may be shaped to correspond to a shape of shaft 1015 so
thataparticular orientation of DSA 1001 would be required to
slide shaft 1015 into the top of RSA 1003. This may ensure
that DSA guidance structure 1011 would line up with RSA
guidance structure 1016 if DSA 1001 and RSA 1003 were so
attached. RSA guidance structure 1016 may be curved and
oriented through RSA 1003 to exit at bottom opening 1017.
Top opening 1021 may sit within indentation 1019. When
DSA 1001 is coupled properly with indentation 1019, DSA
guidance structure 1011 may be configured to align with RSA
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guidance structure 1016 to form one continuous guidance
structure through which sensor 1009 may be configured to
pass during insertion.

[0081] In embodiments, an actuator (not shown) may be
configured to be activated upon coupling of DSA 1001 with
indentation 1019 and applying a motive force to sensor 1009
causing it to move through the combined guidance structure
for insertion into skin through bottom opening 1017. In
embodiments, a trigger mechanism may be configured to be
pulled or pushed by the patient or another person after cou-
pling of DSA 1001 to RSA 1003 in order to activate an
actuator for sensor 1009 insertion.

[0082] Inembodiments, sensor 1009 may be configured to
be retracted from the patient’s skin by a rotation of top plate
1005 relative to bottom plate 1007 and to subsequently exit
the skin, pass through RSA guidance structure 1016, and
wind completely into DSA 1001. DSA 1001 may be config-
ured to be subsequently decoupled from indentation 1019
with sensor 1009 completely retracted and out of view aiding
the psychological comfort of the patient.

[0083] In embodiments, electrical circuitry, including a
microcontroller, an antenna, batteries, transmitter, signal con-
ditioner, electrical coupler, infrared transmitter, receivers,
etc. may be contained within DSA 1001, RSA 1003, or both.
In embodiments, another device with electrical circuitry may
be attached to the top of DSA 1001.

[0084] FIGS. 11A, 11B, and 11C show cross-sectional
views of a resposable sensor assembly with a pivoting RSA
arrangement in accordance with embodiments of the present
invention. In FIG. 11A, RSA 1101 is shown pivoted upward
relative to DSA 1103 situated on and/or adhered to skin 1151.
DSA may be shaped, in embodiments, as a flat plate with an
adhesive patch on the bottom side. Sensor cartridge 1105 may
be a removable component of DSA 1103 and may include
sensor 1107 prior to insertion. Sensor cartridge 1105 may be
configured to fit over DSA docking socket 1109. It may be
configured to hold sensor 1107 prior to insertion and to main-
tain it in a sterile condition. It may also include all or part of
guidance structure 1111 to provide guidance and/or axial
support to sensor 1107 during insertion. DSA docking socket
1109 may be configured to provide placement and/or orien-
tation for sensor cartridge 1105 prior to insertion of sensor
1107. RSA 1101 may be configured to tilt using a hinged
mechanism or other mechanism such as at a flexible point of
the material comprising RSA 1101 or at a junction between
RSA 1101 and DS 1103.

[0085] Guidance structure 1111 may extend from the bot-
tom of DSA 1103 to the top portion of docking socket 1109.
Guidance structure 1111 may be configured to provide axial
support to sensor 1107 during insertion. In embodiments,
guidance structure 1111 may be angled so as to allow sensor
1107 to be inserted into skin 1151 at an angle suitable for
insertion. Pass-through opening 1113 may be situated on the
bottom of DSA 1103 and at the terminal end of guidance
structure 1111 5o as to allow sensor 1107 to pass through the
bottom of DSA 1103 during insertion. Guidance structure
1111 may be tube-shaped, or may have another geometry
according to embodiments. In embodiments, guidance struc-
ture 1111 may be flat and may be configured to accommodate
amolded part at the proximal end. Docking socket 1109 may
be configured to also provide guidance and/or axial support to
sensor 1107 during insertion.

[0086] FIG. 11B shows a cross-sectional view of a respos-
able sensor assembly coupled with inserter 1121 situated over
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sensor cartridge 1107 in accordance with embodiments. In
embodiments, inserter 1121 may include an actuator (not
shown) configured to be activated by a user and cause sensor
1107 to be inserted into skin 1151. Sensor 1107 is shown
inserted into skin 1151. Inserter 1121 may be shaped in vari-
ous ways to suit human factors and/or to accommodate the
actuator. Inserter 1121 may be placed onto the top of DSA
1103 by a user. Docking socket 1109 may be configured to
grip the proximal end of sensor 1107 after insertion and to
provide a waterproof or water-resistant electrical connection
between the resposable sensor assembly and sensor 1107
using a direct electrical connection, inductive coupling, or
other mechanism.

[0087] FIG. 11C shows a cross-sectional view of a respos-
able sensor assembly with RSA 1101 tilted downward. After
insertion, inserter 1121 may be removed by a user. When
removed, inserter 1121 may be configured to extract sensor
cartridge 1105 and drop it off for discard. In embodiments,
RSA 1101 may be configured to be removably secured into
place onto DSA 1103. RSA 1101 may include a removable or
permanent outer cover. RSA 1101 may be configured to pro-
vide a waterproof or water-resistant electrical contact or an
inductive coupling to sensor 1107 through docking socket
1109, when RSA 1101 is tilted downward and secured in
place on top of DSA 1103.

[0088] As described elsewhere in this specification, RSA
1101 may be configured to receive electric measurement sig-
nals originating from sensor 1107 and transmit them to a
separate monitoring unit. RSA 1101 may also contain reus-
able electronics, such as for example an RF or other transmit-
ter, a microcontroller as described elsewhere in this specifi-
cation, and a reusable/rechargeable battery. The
embodiments shown in FIGS. 11A, 11B, and 11C may be
used to limit the height and size of DSA 1103, by fitting a
portion of DSA 1103 such as for example docking socket
1109 including a portion of guidance structure 1111 into a
volume occupied by RSA 1101 when RSA 1101 is tilted
downward onto DSA 1103. RSA 1101 may be of various
sizes and shapes. In embodiments, RSA 1101 may fit over the
entire top side of DSA 1103, Such an arrangement may bal-
ance the volume available for internal RSA 1101 components
without increasing the footprint of DSA 1103.

[0089] Although certain embodiments have been illus-
trated and described herein for purposes of description of the
preferred embodiment, it will be appreciated by those of
ordinary skill in the art that a wide variety of alternate and/or
equivalent embodiments or implementations calculated to
achieve the same purposes may be substituted for the embodi-
ments shown and described without departing from the scope
ofthe present invention. Those with skill in the art will readily
appreciate that embodiments in accordance with the present
inventionmay be implemented in a very wide variety of ways.
This application is intended to cover any adaptations or varia-
tions of the embodiments discussed herein. Therefore, it is
manifestly intended that embodiments in accordance with the
present invention be limited only by the claims and the
equivalents thereof.

What is claimed is:

1. A reusable sensor assembly (RSA) comprising:

a RSA housing;

a transmitter disposed within the RSA housing; and

a microcontroller coupled to the transmitter, the microcon-
troller configured to be communicatively coupled to a
disposable sensor assembly (DSA) having an analyte
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sensor, the microcontroller also configured to receive
measurement signals from the DSA and to cause the
transmitter to transmit telemetry signals in response to
the received measurement signals.

2. The RSA of claim 1 further comprising a battery dis-
posed within the RSA housing and configured to supply elec-
trical power to the disposable sensor assembly.

3. The RSA of claim 1 further comprising a RSA electrical
connector disposed within the RSA housing and coupled to
the microcontroller, and wherein the RSA housing is config-
ured to be removably secured to a DSA housing ofthe DSA in
anorientation that facilitates a communicative coupling of the
microcontroller to the DSA via the RSA electrical connector.

4. The RSA of claim 3 wherein the RSA electrical connec-
tor is configured to communicatively couple the microcon-
troller to the DSA via a direct electrical connection with a
DSA electrical connector of the DSA or via inductive cou-
pling with the DSA electrical connector.

5. The RSA of claim 1 wherein the RSA housing is con-
figured to be removably secured to a DSA housing of the DSA
in an orientation where at least a portion of a bottom surface
of the RSA is flush against a top surface of the DSA housing,
a bottom surface of the DSA housing adapted to be affixed to
animal skin.

6. The RSA of claim 5 wherein the bottom surface of the
RSA housing is configured to be tilted away from the top
surface of the DSA housing while the RSA housing remains
removably secured to the DSA housing.

7. The RSA of claim 5 wherein the bottom surface of the
RSA housing comprises a cavity adapted to fit a docking
socket disposed on the top surface of the DSA, the docking
socket configured to be communicatively coupled to a RSA
electrical connector disposed within the RSA when the RSA
housing is removably secured to the DSA housing.

8. The RSA of claim 1 wherein the measurement signals
originate from the analyte sensor and the telemetry signals
include the measurement signals.

9. The RSA of claim 1 wherein the RSA housing is adapted
10 be removably secured to the DSA housing to form a res-
posable sensor assembly, adapted to be removed from the
DSA housing, and removably secured to another DSA hous-
ing to form another resposable sensor assembly.

10. A disposable sensor assembly (DSA) comprising;

a DSA housing having an opening;

a sensor insertion guidance structure disposed within the
housing and adapted to provide axial support to an ana-
lyte sensor and to allow the analyte sensor to at least
partially pass through the guidance structure and out the
opening upon application of motive force to the analyte
sensor thereby placing the analyte sensor into an
inserted position; and

a coupling device positioned on or in the sensor insertion
guidance structure and adapted to facilitate a communi-
cative coupling of the analyte sensorto a mictocontroller
of a reusable sensor assembly (RSA) while the analyte
sensor is in the inserted position, the analyte sensor
configured to generate measurement signals while par-
tially inserted into animal skin.

11. The DSA of claim 10 wherein the DSA housing is
adapted to be removably secured to a RSA housing of the
RSA and the positioning of the coupling device on or in the
sensor insertion guidance structure is adapted to facilitate the
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communicative coupling of the analyte sensor to the micro-
controller while the DSA is removably secured to a RSA
housing of the RSA.

12. The DSA of claim 11 wherein the coupling device is a
DSA electrical connector adapted to be communicatively
coupled to a RSA electrical connector disposed within the
RSA housing.

13. The DSA of claim 12 wherein the DSA electrical con-
nector is part of a docking socket disposed on a top surface of
the DSA housing, the docking socket adapted to fit into a
cavity disposed on a bottom surface of the RSA housing when
the DSA housing is removably secured to the RSA housing,
the cavity including the RSA electric connector.

14. The DSA of claim 12 wherein the DSA is adapted to
receive electrical power from a battery of the RSA via the
DSA electrical connector.

15. The DSA of claim 10 further comprising a signal trans-
mission apparatus configured to communicate with the
microcontroller via a RSA signal transmission apparatus via
infrared, direct electrical connection, a personal area network
(PAN) transmission, or inductive coupling.

16. The DSA of claim 10 further comprising a docking
socket disposed on a top surface of the DSA housing, the
sensor insertion guidance structure extending into the dock-
ing socket.

17. The DSA of claim 16 wherein the docking socket is
configured to accept a removable sensor cartridge having the
analyte sensor disposed within a cartridge guidance structure
of the removable sensor cartridge, the sensor cartridge
adapted to accept an inserter device containing an actuator
configured to apply the motive force onto a distal end of the
analyte sensor.

18. The DSA of claim 17 wherein the inserter is configured
to extract the removable sensor cartridge from the docking
socket after sensor insertion.

19. The DSA of claim 10 further comprising a user-acti-
vated actuator disposed within the DSA housing and config-
ured to apply the motive force onto a distal end of the analyte
Sensor.

20. The DSA of claim 10 further comprising an adhesive
patch disposed on an outside surface of the DSA housing and
adapted to be adhered to animal skin.

21. A method comprising:

attaching, by a user, a resposable sensor assembly to a skin

surface of a patient, the resposable sensor assembly
comprising a reusable sensor assembly (RSA) and a
disposable sensor assembly (DSA), the RSA comprising
a RSA housing, a transmitter disposed in or on the RSA
housing, and a microcontroller disposed within the RSA
housing, coupled to the transmitter, and configured to
receive measurement signals from an analyte sensor dis-
posed within a DSA housing of the DSA, the microcon-
troller also configured to cause the transmitter to trans-
mit telemetry signals in response to the received
measurement signals;

activating, by the user, an actuator to insert the analyte

sensor partially into the skin surface; and

afteraperiod of time, removing, by the user, the resposable

sensor assembly from the skin surface including the
analyte sensor, separating the RSA from the DSA, and
attaching the RSA to another DSA to form another res-
posable sensor assembly.

22. The method of claim 21 further comprising attaching,
by the user, the another resposable sensor assembly to either
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the skin surface, a different skin surface of the patient, orto a
skin surface of another patient.

23. The method of claim 21 wherein the RSA housing is
adapted to be tilted upwards to expose a top surface of the
DSA, the method further comprising:

fitting an inserter device onto a sensor cartridge covering a

docking socket disposed on the top surface of the DSA,
the inserter device containing the actuator, the sensor
cartridge containing the analyte sensor;

removing the inserter device by the user upon activating the

actuator, the removing of the inserter device causing an
extraction of the sensor cartridge and an exposing of the
docking socket; and

tilting, by the user, the RSA housing downward so that it

covers the docking socket in a way that forms a commu-
nicative coupling between the docking socket and the
microcontroller of the RSA.
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able sensor assembly (DSA) and to cause the trans-
mitter to transmit telemetry signals in response to the
measurement signals; and
the DSA including:
a DSA housing having an opening;
asensor insertion guidance structure disposed within the
housing, and adapted to provide axial support to the
analyte sensor and to allow the analyte sensor to at
least partially pass through the guidance structure and
out the opening upon application of motive force to
the analyte sensor thereby placing the analyte sensor
into an inserted position; and
acoupling device positioned on or in the sensor insertion
guidance structure and adapted to facilitate a commu-
nicative coupling of the analyte sensor to the micro-
controller while the analyte sensor is in the inserted
position.
25. The resposable sensor assembly of claim 24 wherein

24. A resposable sensor assembly comprising:
a reusable sensor assembly (RSA) including:
a RSA housing;
a transmitter disposed within the RSA housing;

a microcontroller coupled to the transmitter and config-
ured to receive measurement signals from a dispos-

the RSA housing is configured to be removably secured to the
DSA housing and the coupling device is positioned and
adapted to facilitate the communicative coupling of the ana-
lyte sensor to the microcontroller while the RSA housing is
removably secured to the DSA housing.
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