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ABSTRACT

Methods and devices to monitor an analyte in body fluid are
provided. Embodiments include continuous or discrete
acquisition of analyte related data from a transcutaneously
positioned in vivo analyte sensor automatically or upon
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MEDICAL DEVICE DATA PROCESSING AND
COMMUNICATION METHODS AND
SYSTEMS

RELATED APPLICATION

[0001] The present application claims priority under 35
U.S.C. §119(e) to U.S. Provisional Application No. 61/801,
759 filed Mar. 15, 2013, entitled “Medical Device Data Pro-
cessing and Communication Methods and Systems,” the dis-
closure of which is incorporated herein by reference for all
purposes.

BACKGROUND

[0002] Thedetectionand/or monitoring of glucoselevels or
other analytes, such as lactate, oxygen, A1C, or the like, in
certain individuals is vitally important to their health. For
example, the monitoring of glucose is particularly important
to individuals with diabetes. Diabetics generally monitor glu-
cose levels to determine if their glucose levels are being
maintained within a clinically safe range, and may also use
thisinformation to determine if and/or when insulin is needed
to reduce glucose levels in their bodies or when additional
glucose is needed to raise the level of glucose in their bodies.
[0003] Growing clinical data demonstrates a strong corre-
lation between the frequency of glucose monitoring and gly-
cemic control. Despite such correlation, many individuals
diagnosed with a diabetic condition do not monitor their
glucose levels as frequently as they should due to a combina-
tion of factors including convenience, testing discretion, pain
associated with glucose testing, and cost.

[0004] Devices have been developed for the automatic
monitoring of analyte(s), such as glucose, in bodily fluid such
as in the blood stream or in interstitial fluid (“ISF”), or other
biological fluid. Some of these analyte measuring devices are
configured so that at least a portion of the devices are posi-
tioned below a skin surface of a user, e.g., in a blood vessel or
in the subcutaneous tissue of a user, so that the monitoring is
accomplished in vivo.

[0005] With the continued development of analyte moni-
toring devices and systems, there is a need for such analyte
monitoring devices, systems, and methods, as well as for
processes for manufacturing analyte monitoring devices and
systems that are cost effective, convenient, and with reduced
pain, provide discreet monitoring to encourage frequent ana-
lyte monitoring to improve glvcemic control.

SUMMARY

[0006] Embodiments of the subject disclosure include in
vivo analyte monitoring devices, systems, kits, and processes
of analyte monitoring and making analyte monitoring
devices, systems and kits. Included are on-body (i.e., at least
a portion of a device, system or a component thereof is main-
tained on the body of a user to monitor an analyte), physi-
ological monitoring devices configured for real time mea-
surement/monitoring of desired analyte level such as a
glucose level over one or more predetermined time periods
such as one or more predetermined monitoring time periods.
Embodiments include transcutaneously positioned analyte
sensors that are electrically coupled with electronics provided
in a housing that is designed to be attached to the body of a
user, for example, to a skin surface of a user, during the usage
life of the analyte sensors or predetermined monitoring time
periods. For example, on body electronics assembly include
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electronics that are operatively coupled to an analyte sensor
and provided in a housing for placement on the body of a user.
[0007] Such device and system with analyte sensors pro-
vide continuous or periodic analyte level monitoring that is
executed automatically, or semi-automatically by control
logic or routines programmed or programmable in the moni-
toring devices or systems. As used herein, continuous, auto-
matic, and/or periodic monitoring refer to the in vivo moni-
toring or detection of analyte levels with transcutaneously
positioned analyte sensors.

[0008] In certain embodiments, the results of the in vivo
monitored analyte level are automatically communicated
from an electronics unit to another device or component of the
system. That is, when the results are available, the results are
automatically transmitted to a display device (or other user
interaction device) of the system, for example, according to a
fixed or dynamic data communication schedule executed by
the system. In other embodiments, the results of the in vivo
monitored analyte level are not automatically communicated,
transferred or output to one or more device or component of
the system. In such embodiments, the results are provided
only in response to a query to the system. That is, the results
are communicated to a component or a device of the system
only in response to the query or request for such results. In
certain embodiments, the results of the in vivo monitoring
may be logged or stored in a memory of the system and only
communicated or transferred to another device or component
of the system after the one or more predetermined monitoring
time periods.

[0009] Embodiments include software and/or hardware to
transform any one of the devices, components or systems into
any one of the other devices, components or systems, where
such transformation may be user-configurable after manufac-
ture. Transformation modules that include hardware and/or
software to accomplish such transformation may be mateable
to a given system to transform it.

[0010] Embodiments include electronics coupled to ana-
lyte sensors that provide functionalities to operate the analyte
sensors for monitoring analyte levels over a predetermined
monitoring time period such as for example, about 30 days (or
more in certain embodiments), about 14 days, about 10 days,
about 5 days, about 1 day, less than about 1 day. In certain
embodiments, the usage life of each analyte sensor may be the
same as or different from the predetermined monitoring time
periods. Components of the electronics to provide the func-
tionalities to operate the analyte sensors in certain embodi-
ments include control logic or microprocessors coupled to a
power supply such as a battery to drive the in vivo analyte
sensors to perform electrochemical reactions to generate
resulting signals that correspond to the monitored analyte
levels.

[0011] Electronics may also include other components
such as one or more data storage units or memory (volatile
and/or non volatile), communication component(s) to com-
municate information corresponding to the in vivo monitored
analyte level to a display device automatically when the infor-
mation is available, or selectively in response to a request for
the monitored analyte level information. Data communica-
tion between display devices and the electronics units
coupled to the sensor may be implemented serially (e.g., data
transfer between them are not performed at the same time), or
in parallel. For example, the display device may be config-
ured to transmit a signal or data packet to the electronics
coupled to the sensor, and upon receipt of the transmitted
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signal or data packet, the electronics coupled to the sensor
communicates back to the display device. In certain embodi-
ments, a display device may be configured to provide Radio
Frequency (RF) power and data/signals continually, and
detecting or receiving one or more return data packet or signal
from electronics coupled to the sensor when it is within a
predetermined RF power range from the display device. In
certain embodiments, the display device and the electronics
coupled to the sensor may be configured to transmit one or
more data packets at the same time.

[0012] In certain embodiments, the one or more data stor-
age units or memory stores data under the control of the
electronics. In certain embodiments, the one or more data
storage units or memory stores data according to a rolling data
storage protocol executed by the control logic or micropro-
cessors of the electronics. The data may be rolled according to
time and/or prioritization, or otherwise. For example, a roll-
ing data storage protocol may include a First-In/First-Out
(FIFQ) algorithm, First-In/Last-Out (FILO) algorithm, Last-
In/First-Out (LIFO) algorithm, Last-In/Last-Out (LILO)
algorithm. For example, embodiments include displacing the
oldest stored data with most recent data in an iterative manner,
or other rolling data protocol variations thereof.

[0013] Embodiments also include electronics programmed
to store or log in the one or more data storage units or a
memory data associated with the monitored analyte level over
the sensor usage life or during a monitoring time period.
During the monitoring time period, information correspond-
ing to the monitored analyte level may be stored but not
displayed or output during the sensor usage life, and the
stored data may be later retrieved from memory at the end of
the sensor usage life or after the expiration of the predeter-
mined monitoring time period, e.g., for clinical analysis or
therapy management.

[0014] In certain embodiments, the predetermined moni-
toring time period may be the same as the sensor usage life
time period such that when an analyte sensor usage life
expires (thus no longer used for in vivo analyte level moni-
toring), the predetermined monitoring time period ends. In
certain other embodiments, the predetermined monitoring
time period may include multiple sensor usage life time peri-
ods such that when an analyte sensor usage life expires, the
predetermined monitoring time period has not ended, and the
expired analyte sensor is replaced with another analyte sensor
during the same predetermined monitoring time period. The
predetermined monitoring time period may include the
replacement of multiple analyte sensors for use.

[0015] In certain embodiments, in addition to the moni-
tored analyte level information, other information may be
communicated to a device, system or a component thereof,
such as, but not limited to, monitored temperature informa-
tion, heart rate, one or more biomarkers such as HbA1C or the
like, stored analyte level information spanning a time period,
e.g., the past 1 second to about 48 hours, e.g., the past 1
minute to about 24 hours, e.g., the past about 1 minute to
about 10 hours, e.g., the past about 8 hours, or the past about
2 hours, or the past about 1 hour, or the past about 30 minutes,
or the past about 15 minutes.

[0016] Incertainembodiments, temperature (in vivo and/or
skin and/or ambient) information may be obtained and stored
in memory, e.g., to be used in an algorithm to compensate for
temperature dependent inaccuracies in monitored analyte
levels.
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[0017] Embodiments include wirelessly communicating
analyte level information from an on body electronics device
to a second device such as a display device. Examples of
communication protocols between on body electronics and
the display device may include radio frequency identification
(RFID) protocols or RF communication protocols. Exem-
plary RFID protocols include but are not limited to near field
communication protocols that include short communication
ranges (e.g., about 12 inches or less, or about 6 inches or less,
or about 3 inches or less, or about 2 inches or less), high
frequency wireless communication protocols, far field com-
munication protocols (e.g., using ultra high frequency (UHF)
communication systems) for providing signals or data from
on body electronics to display devices.

[0018] Communication protocols may use 433 MHz fre-
quency, 13.56 MHz frequency, 2.45 GHz frequency, or other
suitable frequencies for wireless communication between the
on body electronics that includes electronics coupled to an
analyte sensor, and display devices and/or other devices such
as a personal computer. While certain data transmission fre-
quencies and/or data communication ranges are described
above, within the scope of the present disclosure, other data
suitable data transmission frequencies and/or data communi-
cation ranges may be used between the various devices in the
analyte monitoring system.

[0019] Embodiments include data management systems
including, for example, a data network and/or personal com-
puter and/or a server terminal and/or one or more remote
computers that are configured to receive collected or stored
data from the display device for presenting analyte informa-
tion and/or further processing in conjunction with the physi-
ological monitoring for health management. For example, a
display device may include one or more communication ports
(hard wired or wireless) for connection to a data network ora
computer terminal to transfer collected or stored analyte
related data to another device and/or location. Analyte related
data in certain embodiment are directly communicated from
the electronics coupled to the analyte sensor to a personal
computer, server terminal, and/or remote computers over the
data network.

[0020] In certain embodiments, calibration “invisible™ sys-
tems and methods are provided that determine clinically
accurate analyte concentrations at least over the predeter-
mined sensing period of analyte sensor systems without
obtaining one or more independent analyte measurements
(e.g., without using an in vitro test strip or other reference
device) for calibration of generated analyte related signal
from the analyte sensor during the usage life of the sensor, i.e.,
post-manufacture. In other words, once the analyte sensors
are positioned in the body of the user, control logic or micro-
processors in the electronics, or the microprocessors in the
display device include one or more algorithms or program-
ming to accurately convert or correlate signals related to the
sensed analyte (e.g., in nA, counts, or other appropriate units)
to a corresponding analyte level (e.g., converted to an analyte
level in mg/dL or other appropriate units) without a reference
value provided to the system, rendering sensor calibration
“invisible” to the user such that the system does not require
any human intervention for analyte sensor calibration.

[0021] These and other features, objects and advantages of
the present disclosure will become apparent to those persons
skilled in the art upon reading the details of the present dis-
closure as more fully described below.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1illustrates analyte monitoring system for real
time analyte (e.g., glucose) measurement, data acquisition
and/or processing in certain embodiments;

[0023] FIGS. 2A-2B are perspective and cross-sectional
perspective views, respectively, of the housing including ana-
lyte sensor and on body electronics of system in FIG. 1 in
certain embodiments;

[0024] FIGS. 3A-3C illustrate cross sectional perspective
views of the thermistor assembly for on body electronics of
FIG. 1 in certain embodiments;

[0025] FIGS. 4A and 4B are side cross sectional view and
bottom planar views respectively, of the on body electronics
with thermistor mounted in certain embodiments; and
[0026] FIG.5isaschematic of the on body electronics with
guard traces surrounding the analyte sensor electrodes in
certain embodiments.

DETAILED DESCRIPTION

[0027] Before the present disclosure is described in detail,
it is to be understood that this disclosure is not limited to
particular embodiments described, as such may, of course,
vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular embodi-
ments only, and is not intended to be limiting, since the scope
of the present disclosure will be limited only by the appended
claims.

[0028] Where arange of values is provided, it is understood
that each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated or
intervening value in that stated range, is encompassed within
the disclosure. The upper and lower limits of these smaller
ranges may independently be included in the smaller ranges is
also encompassed within the disclosure, subject to any spe-
cifically excluded limit in the stated range. Where the stated
range includes one or both of the limits, ranges excluding
either or both of those included limits are also included in the
disclosure.

[0029] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs. Although any methods and materials
similar or equivalent to those described herein can also be
used in the practice or testing of the present disclosure, the
preferred methods and materials are now described. All pub-
lications mentioned herein are incorporated herein by refer-
ence to disclose and describe the methods and/or materials in
connection with which the publications are cited.

[0030] It must be noted that as used herein and in the
appended claims, the singular forms “a”, “an”, and “the”
include plural referents unless the context clearly dictates
otherwise.

[0031] The publications discussed herein are provided
solely for their disclosure prior to the filing date of the present
application. Nothing herein is to be construed as an admission
that the present disclosure is not entitled to antedate such
publication by virtue of prior disclosure. Further, the dates of
publication provided may be different from the actual publi-
cation dates which may need to be independently confirmed.
[0032] As will be apparent to those of skill in the art upon
reading this disclosure, each of the individual embodiments
described and illustrated herein has discrete components and
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features which may be readily separated from or combined
with the features of any of the other several embodiments
without departing from the scope or spirit of the present
disclosure.

[0033] The figures shown herein are not necessarily drawn
to scale, with some components and features being exagger-
ated for clarity.

[0034] Generally, embodiments of the present disclosure
relate to in vivo methods and devices for detecting at least one
analyte such as glucose in body fluid. Accordingly, embodi-
ments include in vivo analyte sensors configured so that at
least a portion of the sensor is positioned in the body ofa user
(e.g., within the ISF), to obtain information about at least one
analyte of the body, e.g., transcutaneously positioned in
user’s body. In certain embodiments, an in vivo analyte sen-
sor is coupled to an electronics unit that is maintained on the
body of the user such as on a skin surface, where such cou-
pling provides on body, in vivo analyte sensor electronics
assemblies.

[0035] In certain embodiments, analyte information is
communicated from a first device such as an on body elec-
tronics unit to a second device which may include user inter-
face features, including a display, and/or the like. Information
may be communicated from the first device to the second
device automatically and/or continuously when the analyte
information is available, or may not be communicated auto-
matically and/or continuously, but rather stored or loggedin a
memory of the first device. Accordingly, in many embodi-
ments of the system, analyte information derived by the sen-
sor/on body electronics (for example, on body electronics
assembly) is made available in a user-usable or viewable form
only when queried by the user such that the timing of data
communication is selected by the user.

[0036] Inthis manner, analyte information is only provided
or evident to a user (provided at a user interface device) when
desired by the user even though an in vivo analyte sensor
automatically and/or continuously monitors the analyte level
in vivo, i.e., the sensor automatically monitors analyte such as
glucose on a pre-defined time interval over its usage life. For
example, an analyte sensor may be positioned in vivo and
coupled to on body electronics for a given sensing period,
e.g., about 14 days. In certain embodiments, the sensor-de-
rived analyte information is automatically communicated
from the sensor electronics assembly to a remote monitor
device or display device for output to a user throughout the 14
day period according to a schedule programmed at the on
body electronics (e.g., about every 1 minute or about every 5
minutes or about every 10 minutes, or the like). In certain
embodiments, sensor-derived analyte information is only
communicated from the sensor electronics assembly to a
remote monitor device or display device at user-determined
times, e.g.. whenever a user decides to check analyte infor-
mation. At such times, a communications system is activated
and sensor-derived information is then sent from the on body
electronics to the remote device or display device.

[0037] Instill other embodiments, the information may be
communicated from the first device to the second device
automatically and/or continuously when the analyte informa-
tion is available, and the second device stores or logs the
received information without presenting or outputting the
information to the user. In such embodiments, the informa-
tion 1s received by the second device from the first device
when the information becomes available (e.g., when the sen-
sor detects the analyte level according to a time schedule).
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However, the received information is initially stored in the
second device and only output to a user interface or an output
component of the second device (e.g., display) upon detection
of a request for the information on the second device.

[0038] Accordingly, in certain embodiments once a sensor
electronics assembly is placed on the body so that at least a
portion of the in vivo sensor is in contact with bodily fluid
such as ISF and the sensor is electrically coupled to the
electronics unit, sensor derived analyte information may be
communicated from the on body electronics to a display
device on-demand by powering on the display device (or it
may be continually powered), and executing a software algo-
rithm stored in and accessed from a memory of the display
device, to generate one or more request commands, control
signal or data packet to send to the on body electronics. The
software algorithm executed under, for example, the control
of the microprocessor or application specific integrated cit-
cuit (ASIC) of the display device may include routines to
detect the position of the on body electronics relative to the
display device to initiate the transmission of the generated
request command. control signal and/or data packet.

[0039] Display devices may also include programming
stored in memory for execution by one or more microproces-
sors and/or ASICs to generate and transmit the one or more
request command, control signal or data packet to send to the
on body electronics in response to a user activation of an input
mechanism on the display device such as depressing a button
on the display device, triggering a soft button associated with
the data communication function, and so on. The input
mechanism may be alternatively or additionally provided on
or in the on body electronics which may be configured for
user activation. In certain embodiments, voice commands or
audible signals may be used to prompt or instruct the micro-
processor or ASIC to execute the software routine(s) stored in
the memory to generate and transmit the one or more request
command, control signal or data packet to the on body device.
In the embodiments that are voice activated or responsive to
voice commands or audible signals, on body electronics and/
or display device includes a microphone, a speaker, and pro-
cessing routines stored in the respective memories of the on
body electronics and/or the display device to process the
voice commands and/or audible signals. In certain embodi-
ments, positioning the on body device and the display device
within a predetermined distance (e.g., close proximity) rela-
tive to each other initiates one or more software routines
stored in the memory of the display device to generate and
transmit a request command, control signal or data packet.

[0040] As described, embodiments include in vivo analyte
sensors and on body electronics that together provide body
wearable sensor electronics assemblies. In certain embodi-
ments, in vivo analyte sensors are fully integrated with on
body electronics (fixedly connected during manufacture),
while in other embodiments they are separate but connectable
post manufacture (e.g., before, during or after sensor inser-
tion into a body). On body electronics may include an in vivo
glucose sensor, electronics, battery, and antenna encased (ex-
cept for the sensor portion that is for in vivo positioning) in a
waterproof housing that includes or is attachable to an adhe-
sive pad. In certain embodiments, the housing withstands
immersion in about one meter of water for up to at least 30
minutes. In certain embodiments, the housing withstands
continuous underwater contact, e.g., for longer than about 30
minutes, and continues to function properly according to its
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intended use, e.g., without water damage to the housing elec-
tronics where the housing is suitable for water submersion.
[0041] Embodiments include portable handheld display
devices, as separate devices and spaced apart from an on body
electronics assembly, that collect information from the
assemblies and provide sensor derived analyte readings to
users. Such devices may also be referred to as meters, readers,
monitors, receivers, human interface devices, companions, or
the like. Certain embodiments may include an integrated in
vitro analyte meter. In certain embodiments, display devices
include one or more wired or wireless communications ports
such as USB, serial, parallel, or the like, configured to estab-
lish communication between a display device and another
unit (e.g., on body electronics, power unit to recharge a bat-
tery, a PC, etc). For example, a display device communication
port may enable charging a display device battery with a
respective charging cable and/or data exchange between a
display device and its compatible informatics software.
[0042] Compatible informatics software in certain embodi-
ments include, for example, but not limited to stand alone or
network connection enabled data management software pro-
gram, resident or running on a display device, personal com-
puter, a server terminal, for example, to perform data analysis,
charting, data storage, data archiving and data communica-
tion as well as data synchronization. Informatics software in
certain embodiments may also include software for executing
field upgradable functions to upgrade firmware of a display
device and/or on body electronics unit to upgrade the resident
software on the display device and/or the on body electronics
unit, e.g., with versions of firmware that include additional
features and/or include software bugs or errors fixed, etc.
[0043] Embodiments of the subject disclosure are
described primarily with respect to glucose monitoring
devices and systems, and methods of glucose monitoring, for
convenience only and such description is in no way intended
to limit the scope of the disclosure. It is to be understood that
the analyte monitoring system may be configured to monitor
a variety of analytes at the same time or at different times.
[0044] For example, analytes that may be monitored
include, but are not limited to, acetyl choline, amylase, biliru-
bin, cholesterol, chorionic gonadotropin, creatine kinase
(e.g., CK-MB), creatine, DNA, fructosamine, glucose,
glutamine, growth hormones, hormones, ketones, lactate,
oxygen, peroxide, prostate-specific antigen, prothrombin,
RNA, thyroid stimulating hormone, and troponin. The con-
centration of drugs, such as, for example, antibiotics (e.g.,
gentamicin, vancomycin, and the like), digitoxin, digoxin,
drugs of abuse, theophylline, and warfarin, may also be moni-
tored. In those embodiments that monitor more than one
analyte, the analytes may be monitored at the same or differ-
ent times, with a single sensor or with a plurality of sensors
which may use the same on body electronics (e.g., simulta-
neously) or with different on body electronics.

[0045] For example, a predetermined monitoring time
period may begin with positioning the sensor in vivo and in
contact with a body fluid such as ISF, and/or with the initia-
tion (or powering on to full operational mode) of the on body
electronics. Initialization of on body electronics may be
implemented with a command generated and transmitted by a
display device in response to the activation of a switch and/or
by placing the display device within a predetermined distance
(e.g., close proximity) to the on body electronics, or by user
manual activation of a switch on the on body electronics unit,
e.g., depressing a button, or such activation may be caused by
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the insertion device, e.g., as described in U.S. patent applica-
tion Ser. No. 12/698,129 filed on Feb. 1, 2010.

[0046] When initialized in response to a received command
from a display device, the on body electronics retrieves and
executes from its memory software routine to fully power on
the components of the on body electronics, effectively plac-
ing the on body electronics in full operational mode in
response to receiving the activation command from the dis-
play device. For example, prior to the receipt of the command
from the display device, a portion of the components in the on
body electronics may be powered by its internal power supply
such as a battery while another portion of the components in
the on body electronics may be in powered down or low
power including no power, inactive mode, or all components
may be in an inactive mode, powered down mode. Upon
receipt of the command, the remaining portion (or all) of the
components of the on body electronics is switched to active,
fully operational mode.

[0047] Embodiments of on body electronics may include
one or more printed circuit boards with electronics including
control logic implemented in ASIC, microprocessors,
memory, and the like, and transcutaneously positionable ana-
lyte sensors forming a single assembly. On body electronics
may be configured to provide one or more signals or data
packets associated with a monitored analyte level upon detec-
tion of a display device of the analyte monitoring system
within a predetermined proximity for a period of time (for
example, about 2 minutes, e.g., 1 minute or less, e.g., about 30
seconds or less, e.g., about 10 seconds or less, e.g., about 5
seconds or less, e.g., about 2 seconds or less) and/or until a
confirmation, such as an audible and/or visual and/or tactile
(e.g., vibratory) notification, is output on the display device
indicating successful acquisition of the analyte related signal
from the on body electronics. A distinguishing notification
may also be output for unsuccessful acquisition in certain
embodiments.

[0048] FIG. 1 shows an exemplary in vivo-based analyte
monitoring system 100 in accordance with embodiments of
the present disclosure. As shown, in certain embodiments,
analyte monitoring system 100 includes on body electronics
110 electrically coupled to in vivo analyte sensor 101 (a
proximal portion of which is shown in FIG. 1) and attached to
adhesive layer 140 for attachment on a skin surface on the
body of a user. On body electronics 110 includes on body
housing 119, that defines an interior compartment. Also
shown in FIG. 1 is insertion device 150 that, when operated,
transcutaneously positions a portion of analyte sensor 101
through a skin surface and in fluid contact with ISF, and
positions on body electronics 110 and adhesive layer 140 on
a skin surface In certain embodiments, on body electronics
110, analyte sensor 101 and adhesive layer 140 are sealed
within the housing of insertion device 150 before use, and in
certain embodiments, adhesive layer 140 is also sealed within
the housing or itself provides a terminal seal of the insertion
device 150.

[0049] Referring back to the FIG. 1, analyte monitoring
system 100 includes display device 120 which includes a
display 122 to output information to the user, an input com-
ponent 121 such as a button, actuator, a touch sensitive
switch, a capacitive switch, pressure sensitive switch, jog
wheel or the like, to input data or command to display device
120 or otherwise control the operation of display device 120.
It is noted that some embodiments may include display-less
devices or devices without any user interface components.
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These devices may be functionalized to store data as a data
logger and/or provide a conduit to transfer data from on body
electronics and/or a display-less device to another device
and/or location. Embodiments will be described herein as
display devices for exemplary purposes which are in no way
intended to limit the embodiments of the present disclosure. It
will be apparent that displayless devices may also be used in
certain embodiments.

[0050] In certain embodiments, on body electronics 110
may be configured to store some or all of the monitored
analyte related data received from analyte sensor 101 in a
memory during the monitoring time period, and maintain it in
memory until the usage period ends. In such embodiments,
stored data is retrieved from on body electronics 110 at the
conclusion of the monitoring time period, for example, after
removing analyte sensor 101 from the user by detaching on
body electronics 110 from the skin surface where it was
positioned during the monitoring time period. In such data
logging configurations, real time monitored analyte level is
not communicated to display device 120 during the monitor-
ing period or otherwise transmitted from on body electronics
110, but rather, retrieved from on body electronics 110 after
the monitoring time period.

[0051] In certain embodiments, input component 121 of
display device 120 may include a microphone and display
device 120 may include software configured to analyze audio
input received from the microphone, such that functions and
operation of the display device 120 may be controlled by
voice commands. In certain embodiments, an output compo-
nent of display device 120 includes a speaker for outputting
information as audible signals. Similar voice responsive com-
ponents such as a speaker, microphone and software routines
to generate, process and store voice driven signals may be
provided to on body electronics 110.

[0052] Incertain embodiments, display 122 and input com-
ponent 121 may be integrated into a single component, for
example a display that can detect the presence and location of
a physical contact touch upon the display such as a touch
screen user interface. In such embodiments, the user may
control the operation of display device 120 by utilizing a set
of pre-programmed motion commands, including, but not
limited to, single or double tapping the display, dragging a
finger or instrument across the display, motioning multiple
fingers or instruments toward one another, motioning mul-
tiple fingers or instruments away from one another, etc. In
certain embodiments, a display includes a touch screen hav-
ing areas of pixels with single or dual function capacitive
elements that serve as LCD elements and touch sensors.
[0053] Display device 120 also includes data communica-
tion port 123 for wired data communication with external
devices such as remote terminal (personal computer) 170, for
example. Example embodiments of the data communication
port 123 include USB port, mini USB port, RS-232 port,
Ethernet port, Firewire port, or other similar data communi-
cation ports configured to connect to the compatible data
cables. Display device 120 may also include an integrated in
vitro glucose meter, including in vitro test strip port 124 to
receive an in vitro glucose test strip for performing in vitro
blood glucose measurements.

[0054] Referring still to FIG. 1, display 122 in certain
embodiments is configured to display a variety of informa-
tion—some or all of which may be displayed at the same or
different time on display 122. In certain embodiments the
displayed information is user-selectable so that a user can
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customize the information shown on a given display screen.
Display 122 may include but is not limited to graphical dis-
play 138, for example, providing a graphical output of glu-
cose values over a monitored time period (which may show
important markers such as meals, exercise, sleep, heart rate,
blood pressure, etc, numerical display 132, for example, pro-
viding monitored glucose values (acquired or received in
response to the request for the information), and trend or
directional arrow display 131 that indicates a rate of analyte
change and/or a rate of the rate of analyte change, e.g., by
moving locations on display 122.

[0055] As further shown in FIG. 1, display 222 may also
include date display 135 providing for example, date infor-
mation for the user, time of day information display 139
providing time of day information to the user, battery level
indicator display 133 which graphically shows the condition
of the battery (rechargeable or disposable) of the display
device 120, sensor calibration status icon display 134 for
example, in monitoring systems that require periodic, routine
or a predetermined number of user calibration events, notify-
ing the user that the analyte sensor calibration is necessary,
audio/vibratory settings icon display 136 for displaying the
status of the audio/vibratory output or alarm state, and wire-
less connectivity status icon display 137 that provides indi-
cation of wireless communication connection with other
devices such as on body electronics, data processing module
160, and/or remote terminal 170. As additionally shown in
FIG. 1, display 122 may further include simulated touch
screen button 125, 126 foraccessing menus, changing display
graph output configurations or otherwise for controlling the
operation of display device 120.

[0056] Referring back to FIG. 1, in certain embodiments,
display 122 of display device 120 may be additionally, or
instead of visual display, configured to output alarms notifi-
cations such as alarm and/or alert notifications, glucose val-
ues etc, which may be audible, tactile, or any combination
thereof. In one aspect, the display device 120 may include
other output components such as a speaker, vibratory output
component and the like to provide audible and/or vibratory
output indication to the user in addition to the visual output
indication provided on display 122.

[0057] After the positioning of on body electronics 110 on
the skin surface and analyte sensor 101 in vivo to establish
fluid contact with ISF (or other appropriate body fluid), on
body electronics 110 in certain embodiments is configured to
wirelessly communicate analyte related data (such as, for
example, data corresponding to monitored analyte level and/
or monitored temperature data, and/or stored historical ana-
lyte related data) when on body electronics 110 receives a
command or request signal from display device 120. In cet-
tain embodiments, on body electronics 110 may be config-
ured to at least periodically broadcast real time data associ-
ated with monitored analyte level which is received by
display device 120 when display device 120 is within com-
munication range of the data broadcast from on body elec-
tronics 110, i.e., it does not need a command or request from
a display device to send information.

[0058] For example, display device 120 may be configured
to transmit one or more commands to on body electronics 110
to initiate data transfer, and in response, on body electronics
110 may be configured to wirelessly transmit stored analyte
related data collected during the monitoring time period to
display device 120. Display device 120 may in turn be con-
nected to a remote terminal 170 such as a personal computer
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and functions as a data conduit to transfer the stored analyte
level information from the on body electronics 110 to remote
terminal 170. In certain embodiments, the received data from
the on body electronics 110 may be stored (permanently or
temporarily) in one or more memory of the display device
120. In certain other embodiments, display device 120 is
configured as a data conduit to pass the data received from on
body electronics 110 to remote terninal 170 that is connected
to display device 120.

[0059] Referringstillto FIG. 1, also shown in analyte moni-
toring system 100 are data processing module 160 and remote
terminal 170. Remote terminal 170 may include a personal
computer, a server terminal a laptop computer or other suit-
able data processing devices including software for data man-
agement and analysis and communication with the compo-
nents in the analyte monitoring system 100. For example,
remote terminal 170 may be connected to alocal area network
(LAN), awide area network (WAN), or other data network for
uni-directional or bi-directional data communication
between remote terminal 170 and display device 120 and/or
data processing module 160.

[0060] Remote terminal 170 in certain embodiments may
include one or more computer terminals located at a physi-
cian’s office or a hospital. For example, remote terminal 170
may be located at a location other than the location of display
device 120. Remote terminal 170 and display device 120
could be in different rooms or different buildings. Remote
terminal 170 and display device 120 could be at least about
one mile apart, e.g., at least about 10 miles apart, e.g., at least
about 100 miles apart. For example, remote terminal 170
could be in the same city as display device 120, remote
terminal 170 could be in a different city than display device
120, remote terminal 170 could be in the same state as display
device 120, remote terminal 170 could be in a different state
than display device 120, remote terminal 170 could be in the
same country as display device 120, or remote terminal 170
could be in a different country than display device 120, for
example.

[0061] In certain embodiments, a separate, optional data
communication/processing device such as data processing
module 160 may be provided in analyte monitoring system
100. Data processing module 160 may include components to
communicate using one or more wireless communication
protocols such as. for example, but not limited to, infrared
(IR) protocol, Bluetooth® protocol, Zighee protocol, and
802.11 wireless LAN protocol. Additional description of
communication protocols including those based on Blue-
tooth® protocol and/or Zighee protocol can be found in U.S.
Patent Publication No. 2006/0193375 incorporated herein by
reference for all purposes. Data processing module 160 may
further include communication ports, drivers or connectors to
establish wired communication with one or more of display
device 120, on body electronics 110, or remote terminal 170
including, for example, but not limited to USB connector
and/or USB port, Ethernet connector and/or port, FireWire
connector and/or port, or RS-232 port and/or connector.
[0062] In certain embodiments, and discussed above, data
processing module 160 includes a Bluetooth® communica-
tion module that can be paired with one or more devices in the
analyte monitoring system described in FIG. 1 that also has as
Bluetooth® communication module. Upon pairing, data can
be exchanged between paired devices. For example, in certain
embodiments on body electronics 110 is provided with a
Bluetooth® communication module that can be paired with
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the data processing module 160. In this case, the data pro-
cessing module 160 may be configured to receive or othet-
wise programmed to request or prompt for monitored analyte
data from the on body electronics 110 based either on a
programmed data transmission or request schedule, periodi-
cally, or when desired (for example, pairing the devices so
that the data processing module is capable of requesting the
glucose data from the on body electronics either upon pairing,
or upon sending a data request). In certain embodiments, the
display device 120 includes a Bluetooth® communication
module that is paired with the on body electronics 110 to
receive or request for information related to the monitored
glucose data from the on body electronics 110 either based on
aprogrammed data transfer schedule, or upon activation of a
command or request from the display device 120 communi-
cated to the on body electronics 110.

[0063] In certain embodiments, data processing module
160 is programmed to transmit a polling or query signal to on
body electronics 110 at a predetermined time interval (e.g.,
once every minute, once every five minutes, or the like), and
in response, receive the monitored analyte level information
from on body electronics 110. Data processing module 160
stores in its memory the received analyte level information,
and/or relays or retransmits the received information to
another device such as display device 120. More specifically
in certain embodiments, data processing module 160 may be
configured as a data relay device to retransmit or pass through
the received analyte level data from on body electronics 110
to display device 120 or a remote terminal (for example, over
a data network such as a cellular or WiFi data network) or
both.

[0064] In certain embodiments, on body electronics 110
and data processing module 160 may be positioned on the
skin surface of the user within a predetermined distance of
each other (for example, about 1-12 inches, or about 1-10
inches, or about 1-7 inches, or about 1-5 inches) such that
periodic communication between on body electronics 110
and data processing module 160 is maintained. Alternatively,
data processing module 160 may be worn on a belt or clothing
item of the user, such that the desired distance for communi-
cation between the on body electronics 110 and data process-
ing module 160 for data communication is maintained. In a
further aspect, the housing of data processing module 160
may be configured to couple to or engage with on body
electronics 110 such that the two devices are combined or
integrated as a single assembly and positioned on the skin
surface. In further embodiments, data processing module 160
is detachably engaged or connected to on body electronics
110 providing additional modularity such that data process-
ing module 160 may be optionally removed or reattached as
desired.

[0065] Referring again to FIG. 1, in certain embodiments,
data processing module 160 is programmed to transmit a
command or signal to on body electronics 110 at a predeter-
mined time interval such as once every minute, or once every
5 minutes or once every 30 minutes or any other suitable or
desired programmable time interval to request analyte related
data from on body electronics 110. When data processing
module 160 receives the requested analyte related data, it
stores the received data. In this manner, analyte monitoring
system 100 may be configured to receive the continuously
monitored analyte related information at the programmed or
programmable time interval, which is stored and/or displayed
to the user. The stored data in data processing module 160
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may be subsequently provided or transmitted to display
device 120, remote terminal 170 or the like for subsequent
data analysis such as identifying frequency of periods of
glycemic level excursions over the monitored time period, or
the frequency of the alarm event occurrence during the moni-
tored time period, for example, to improve therapy related
decisions. Using this information, the doctor, healthcare pro-
vider or the user may adjust or recommend modification to the
diet, daily habits and routines such as exercise, and the like.
[0066] In another embodiment, data processing module
160 transmits a command or signal to on body electronics 110
to receive the analyte related data in response to a user acti-
vation of a switch provided on data processing module 160 or
a user initiated command received from display device 120.
In further embodiments, data processing module 160 is con-
figured to transmit a command or signal to on body electron-
ics 110 in response to receiving a user initiated command only
after a predetermined time interval has elapsed. For example,
in certain embodiments, if the user does not initiate commu-
nication within a programmed time period, such as, for
example about 5 hours from last communication (or 10 hours
from the last communication, or 24 hours from the last com-
munication), the data processing module 160 may be pro-
grammed to automatically transmit a request command or
signal to on body electronics 110. Alternatively, data process-
ing module 160 may be programmed to activate an alarm to
notify the user that a predetermined time period of time has
elapsed since the last communication between the data pro-
cessing module 160 and on body electronics 110. In this
manner, users or healthcare providers may program or con-
figure data processing module 160 to provide certain compli-
ance with analyte monitoring regimen, so that frequent deter-
mination of analyte levels is maintained or performed by the
user.

[0067] In certain embodiments, when a programmed or
programmable alarm condition is detected (for example, a
detected glucose level monitored by analyte sensor 101 that is
outside a predetermined acceptable range indicating a physi-
ological condition which requires attention or intervention
for medical treatment or analysis (for example, a hypoglyce-
mic condition, a hyperglycemic condition, an impending
hyperglycemic condition or an impending hypoglycemic
condition), the one or more output indications may be genet-
ated by the control logic or processor of the on body electron-
ics 110 and output to the user on a user interface of on body
electronics 110 so that corrective action may be timely taken.
In addition to or alternatively, if display device 120 is within
communication range, the output indications or alarm data
may be communicated to display device 120 whose proces-
sor, upon detection of the alarm data reception, controls the
display 122 to output one or more notification.

[0068] In certain embodiment, the data processing module
160 may include a user interface to provide the same or
similar user interaction and data input/output options as pro-
vided in the display device 120, obviating the need for the
display device 120. In other words, the functionality of the
display device 120 may be incorporated into the data process-
ing module 160 such that the user interacts with the data
processing module 160 to monitor the analyte levels and
receive notifications or alerts or alarms associated with the
monitored analyte levels.

[0069] In certain embodiments, control logic or micropro-
cessors of on body electronics 110 include software programs
to determine future or anticipated analyte levels based on
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information obtained from analyte sensor 101, e.g., the cur-
rent analyte level, the rate of change of the analyte level, the
acceleration of the analyte level change, and/or analyte trend
information determined based on stored monitored analyte
data providing a historical trend or direction of analyte level
fluctuation as function time during monitored time period.
Predictive alarm parameters may be programmed or pro-
grammable in display device 120, or the on body electronics
110, or both, and output to the user in advance of anticipating
the user’s analyte level reaching the future level. This pro-
vides the user an opportunity to take timely corrective action.

[0070] Information, such as variation or fluctuation of the
monitored analyte level as a function of time over the moni-
tored time period providing analyte trend information, for
example, may be determined by one or more control logic or
microprocessors of display device 120, data processing mod-
ule 160, and/or remote terminal 170, and/or on body electron-
ics 110. Such information may be displayed as, for example,
agraph (such as a line graph) to indicate to the user the current
and/or historical and/or and predicted future analyte levels as
measured and predicted by the analyte monitoring system
100. Such information may also be displayed as directional
arrows (for example, see trend or directional arrow display
131) or other icon(s), e.g., the position of which on the screen
relative to a reference point indicated whether the analyte
level is increasing or decreasing as well as the acceleration or
deceleration of the increase or decrease in analyte level. This
information may be utilized by the user to determine any
necessary corrective actions to ensure the analyte level
remains within an acceptable and/or clinically safe range.
Other visual indicators, including colors, flashing, fading,
etc., as well as audio indicators including a change in pitch,
volume, or tone of an audio output and/or vibratory or other
tactile indicators may also be incorporated into the display of
trend data as means of notifying the user of the current level
and/or direction and/or rate of change of the monitored ana-
lytelevel. For example, based on a determined rate of glucose
change, programmed clinically significant glucose threshold
levels (e.g., hyperglycemic and/or hypoglycemic levels), and
current analyte level derived by an in vivo analyte sensor, the
system 100 may include an algorithm stored on computer
readable medium 1o determine the time it will take to reach a
clinically significant level and will output notification in
advance of reaching the clinically significant level, e.g., 30
minutes before a clinically significant level is anticipated,
and/or 20 minutes, and/or 10 minutes, and/or 5 minutes,
and/or 3 minutes, and/or 1 minute, and so on, with outputs
increasing in intensity or the like.

[0071] In certain embodiments, data processing module
160 may include a data storage unit or a memory device such
as an electrically erasable programmable read only memory
(EEPROM) that includes a pre-programmed parameters
associated with the operation of the on body electronics 110.
For example, the memory device of the data processing mod-
ule 160 may be programmied to include or store a security key
at a specific memory address that is retrieved or read by the
processing unit of the data processing module 160, while
other memory locations may store or point to address loca-
tions that include on body electronics data processing param-
eters, sensor sensitivity information, sensor expiration data,
alarm or alert threshold levels, parameters for determining
rate of change or trend information associated with the moni-
tored analyte level and the like. Other parameters stored in the
memory device to be read and one or more routines called and
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executed by the processing unit of the data processing module
160 includes supported data communication such as Blue-
tooth data communication, wired or cabled communication
with other devices such as the remote terminal 170, the dis-
play device 120, mobile smart phones and the like.

[0072] Referring again back to FIG. 1, in certain embodi-
ments, software algorithm(s) for execution by data process-
ing module 160 may be stored in an external memory device
such as an SD card, microSD card, compact flash card, XD
card, Memory Stick card, Memory Stick Duo card, or USB
memory stick/device including executable programs stored
in such devices for execution upon connection to the respec-
tive one or more of the on body electronics 110, remote
terminal 170 or display device 120. In a further aspect, soft-
ware algorithms for execution by data processing module 160
may be provided to a communication device such as a mobile
telephone including, for example, WiFi or Internet enabled
smart phones or personal digital assistants (PDAs) as a down-
loadable application for execution by the downloading com-
munication device.

[0073] Examples of smart phones include Windows®,
Android™, iPhone® operating system, Palm® WebOS™,
Blackberry® operating system, or Symbian® operating sys-
tem based mobile telephones with data network connectivity
functionality for data communication over an internet con-
nection and/or a local area network (LAN). PDAs as
described above include, for example, portable electronic
devices including one or more microprocessors and data com-
munication capability with a user interface (e.g., display/
output unit and/or input unit, and configured for performing
data processing, data upload/download over the internet, for
example. In such embodiments, remote terminal 170 may be
configured to provide the executable application software to
the one or more of the communication devices described
above when communication between the remote terminal 170
and the devices are established.

[0074] In still further embodiments, executable software
applications may be provided over-the-air (OTA) as an OTA
download such that wired connection to remote terminal 170
is not necessary. For example, executable applications may be
automatically downloaded as software download to the com-
munication device, and depending upon the configuration of
the communication device, installed on the device for use
automatically, or based on user confirmation or acknowledge-
ment on the communication device to execute the installation
of the application. The OTA download and installation of
software may include software applications and/or routines
that are updates or upgrades to the existing functions or fea-
tures of data processing module 160 and/or display device
120.

[0075] Referring back to remote terminal 170 of FIG. 1, in
certain embodiments, new software and/or software updates
such as software patches or fixes, firmware updates or soft-
ware driver upgrades, among others, for display device 120
and/or on body electronics 110 and/or data processing mod-
ule 160 may be provided by remote terminal 170 when com-
munication between the remote terminal 170 and display
device 120 and/or data processing module 160 is established.
For example, software upgrades, executable programming
changes or modification for on body electronics 110 may be
received from remote terminal 170 by one or more of display
device 120 or data processing module 160, and thereafter,
provided to on body electronics 110 to update its software or
programmable functions. For example, in certain embodi-
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ments, software received and installed in on body electronics
110 may include software bug fixes, modification to the pre-
viously installed software parameters (modification to ana-
lyte related data storage time interval, resetting or adjusting
time base or information of on body electronics 110, modifi-
cation to the transmitted data type, data transmission
sequence, or data storage time period, among others).

[0076] In certain embodiments, when the display device
120 is connected to the remote terminal 170, and the data
management software executed on the remote terminal 170
determines that an upgrade to the software in the display
device 120 and/or the on body electronics 110 is available, the
remote terminal 170, based either upon user acceptance/ini-
tiation or automatically, download or retrieve the available
software upgrade which in one embodiment, includes an
upgrade tool that is downloaded and executed to initiate the
software upgrade routine. In certain embodiments, the down-
loaded software upgrade tool is a separate executable pro-
gram independent of the data management software executed
on the remote terminal 170, and which, upon execution, pet-
forms the software upgrade independent of the resident data
management software.

[0077] FIGS.2A-2B are perspective and top cross sectional
views, respectively, of on body electronics 110 of FIG. 1 in
certain embodiments. In particular, FIG. 2A illustrates the
cross-sectional view of on body electronics 110 along the
dottedline A shown in FIG. 2B. Referring to FIGS. 2A-2B, on
body electronics 110 in certain embodiments is sized and
shaped such that the height or thickness profile is minimized
(forexample, to less than or equal to about 10 mm, e.g., or less
than or equal to about 7 mm, e.g., or less than or equal to about
5mm, e.g., or less than or equal to about 4.5 mm, e.g., or less
than or equal to about 4 mm or less). For example, as shown
in the figures, in certain embodiments, on body electronics
110 includes a dome-like or tapered shape with a height or
thickness dimension of up to about 5 mm at its thickest point,
and may taper (gradually or step wise) to a height or thickness
dimension of less than about 4 mm, or about 3 mm or less, or
about 2 mm or less, or about 1 min or less. In certain embodi-
ments, on body electronics 110 has a compact z-height 118
(e.g., height or thickness of on body electronics 110) that is
not more than about 4.5 mm thick at its thickest area (if the
thickness is not uniform or rather varies within a given unit),
and no more than about 4.6 mm thick including an adhesive
patch.

[0078] Referring to FIGS. 2A-2B, in certain embodiments,
analyte sensor 101 is assembled during manufacturing with
on body electronics 110, for example, and fixedly connected
to PCB 111 of on body electronics 110. As shown in FIGS.
2A-2B, proximal portion 102 of sensor 101 is placed on upper
surface 112 of PCB 111 and secured to PCB 111 for example,
using rivets, fasteners, clamps or the like. The fixedly posi-
tioned proximal portion 102 of sensor 101 may be positioned
such that proximal portion 102 is electrically coupled to the
respective contact points on upper surface 112 of PCB 111.
As can be further seen from FIGS. 2A-2B, in such embodi-
ments, the distal portion 103 of sensor 101 is bent or angled
such that approximately a 90 degree angle is defined between
the proximal portion 102 and distal portion 103 of sensor 101.
In certain embodiments, the angle between the proximal por-
tion 102 and distal portion 103 of sensor 101 may be less than
about 90 degrees, less than about 80 degrees, less than about
70 degrees, less than about 60 degrees, less than about 50
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degrees, less than about 40 degrees, less than about 30
degrees, less than about 20 degrees, or less than about 10
degrees.

[0079] Referring still to FIG. 2A-2B, as shown, sensor 101
is positioned relative to PCB 111 such that sensor 101 is
positioned through opening 109 defined between upper sur-
face 112 and lower surface 113 of PCB 111. In certain
embodiments, PCBs of on body electronics do notinclude an
opening such as that shown in FIGS. 2A-2B.

[0080] Furthermore, adhesive layer 140 (single sided or
two sided) may be provided to securely position on body
electronics 110 on the skin surface during and after sensor
deployment. Adhesive may be manufactured so to be attached
to the on body unit, or to be attachable post manufacturing,
e.g., by a user. In certain embodiments, a sensor insertion
process causes the adhesive patch to be attached to the on
body unit. In certain embodiments, on body electronics 110
with analyte sensor 101 may be contained or disposed (e.g.,
during manufacturing) within insertion device 150 (FIG. 1),
avoiding the need for a user to align, position, or otherwise
connect or couple analyte sensor 101 and on body electronics
110 to insertion device 150 (FIG. 1) prior to the insertion of
analyte sensor 101 and initializing on body electronics 110. In
certain embodiments, an optional sensor guide 105 is pro-
vided to further assist in alignment of the analyte sensor 101
with insertion device 150. Thus, potential misuse, user error,
or misalignment of analyte sensor 101 relative to a needle or
insertion mechanism of insertion device 150 by the user may
be avoided.

[0081] Referring to FIGS.2A-2B, embodiments of on body
electronics 110 include dimensions and weight that are opti-
mized for reduction and thus maximized for comfort in use
and wear. In certain embodiments, on body electronics 110
has a small on-body footprint, e.g., less than about 50 mm in
diameter excluding adhesive patch 140 e.g., less than about
45 mm in diameter excluding adhesive patch 140, e.g., less
than about 40 mm in diameter excluding adhesive patch 140,
e.g., less than about 35 mm in diameter excluding adhesive
patch 140, e.g., less than about 30 mm in diameter excluding
adhesive patch 140, where in certain embodiments the on-
body footprint may be about 25 mm to about 28 mm exclud-
ing adhesive patch 140.

[0082] In certain embodiments, on body electronics 110,
including adhesive patch 140, has an on-body footprint that is
less than about 70 mm in diameter (at its widest if isn’t
uniform), e.g., less than about 65 mm in diameter, e.g., less
than about 60 mm in diameter, e.g., less than about 55 mm in
diameter, e.g., less than about 50 mm in diameter, e.g., less
than about 45 mm in diameter, e.g., less than about 40 mm in
diameter, where in certain embodiments the on-body foot-
print may be about 35 mm to about 37 mm including adhesive
patch 140.

[0083] In certain embodiments, adhesive patch 140 has an
on body footprint that is less than about 3.0 inches in diam-
eter, e.g., less than about 2.0 inches in diameter, less than
about 1.0 inches in diameter, where in certain embodiments
an adhesive patch may have a diameter that is 1.0 inch to
about 1.5 inches or less.

[0084] Embodiments include on body electronics 110 that
has a small surface area, e.g., less than about 2 square inches
excluding adhesive patch 140, e.g., less than about 1.5 square
inches excluding adhesive patch 140, e.g., less than about 1
square inches excluding adhesive patch 140, e.g., less than
about 0.9 square inches excluding adhesive patch 140, e.g.,
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less than about 0.8 square inches excluding adhesive patch
140, e.g., less than about 0.75 square inches excluding adhe-
sive patch 140, e.g., less than about 0.7 square inches exclud-
ing adhesive patch 140, where in certain embodiments the
surface area of an on body electronics unit may be about 0.75
square inches to about 0.79 square inches excluding an adhe-
sive patch.

[0085] In certain embodiments, on body electronics 110,
including adhesive patch 140, has a surface area that is about
3.0 square inches or less including an adhesive patch, e.g.,
about 2.0 square inches or less including an adhesive patch,
e.g., about 1.9 square inches or less including an adhesive
patch, e.g., about 1.8 square inches or less including an adhe-
sive patch, e.g., about 1.75 square inches or less including an
adhesive patch, e.g., about 1.6 square inches or less including
an adhesive patch, where in certain embodiments the surface
area of an on body electronics unit may be about 1.75 square
inches to about 1.77 square inches or less.

[0086] In certain embodiments, on body electronics 110
may have a circular footprint and/or adhesive patch 140 may
have a circular footprint. In certain embodiments, on body
electronics 110 may be circular in shape. Other shapes for on
body electronics and/or adhesive patches include, but are not
limited to oval, rectangle, square triangle, or polygon shapes
may also be used, as well as irregular and complex shapes.
[0087] In certain embodiments, on body electronics 110
has low mass, e.g., less than about 10 grams including adhe-
sive patch 140 e.g., less than about 5 grams including adhe-
sive patch 140, less than about 3.5 grams including adhesive
patch 140, wherein certain embodiments the mass is no more
than 3 grams including adhesive patch 140.

[0088] FIGS. 3A-3C illustrate cross sectional perspective
views of the thermistor assembly for on body electronics of
FIG. 1 in certain embodiments. Referring to FIG. 3A in
certain embodiments, on body electronics 110 of FIG. 1
includes a first housing portion 310 and a second housing
portion 320 which are configured to engage each other to
form an integrated housing of the on body electronics 110. As
shown in FIG. 3A, on the inner surface 340 of the second
housing portion 320 is provided a thermistor 330 which is
bent upon engaging or assembling the first housing portion
310 and the second housing portion 320 together to form the
integrated housing ofthe on body electronics 110 (FIG. 1). As
shown in FIGS. 3A to 3C, when the first housing portion 310
is assembled with the second housing portion 320, in certain
embodiments, the thermistor 330 contacts the first housing
portion 310 and follows an inner contour (not shown) within
an inner surface (not shown) of the first housing portion 310
causing the thermistor 330 to bend. FIG. 3C illustrates the
thermistor 330 which has been bent or biased against the inner
surface of the first housing portion 310 when the first housing
portion 310 and the second housing portion are assembled to
form the integrated housing assembly of the on body elec-
tronics 110 (FIG. 1).

[0089] Referring still to FIG. 3A, also shown on the first
housing portion 310 is an opening 350 or a window which, in
some embodiments, exposes a portion of the thermistor 330
to a skin surface when the first housing portion 310 is posi-
tioned in contact with a skin surface of a user.

[0090] FIGS. 4A and 4B are side cross sectional view and
bottom planar views respectively, of the on body electronics
with thermistor mounted in certain embodiments. Referring
to FI1G. 4A, the cross sectional view ofthe on body electronics
110 (formed of the first and second housing portions 310,
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320) illustrates the thermistor 330 having a passively biased
portion against the inner surface of the first housing portion
310, while exposing a portion of the thermistor 330 at the
opening 350 of the first housing portion 310. As shown in
FIG. 4B, in certain embodiments, an adhesive layer 410, such
as an ultraviolet (UV) adhesive layer is applied at or around
the opening 350 to provide a seal thereof. The adhesive layer
410 in certain embodiments provides thermal conduction to
the thermistor 330, for example, when in direct contact with
the skin surface of a user when the on body electronics is
positioned on the skin surface.

[0091] In the manner described and shown in the corre-
sponding figures, in some embodiments, the configuration of
the thermistor 330 provides a simple assembly with the on
body electronics 110 (FIG. 1) with accurate positioning and
location within the on body electronics 110. In certain
embodiments, the thermistor 330 may be pre-biased or pre-
bent prior to assembly of the first housing portion 310 and the
second housing portion 320, such that the bent shape of the
thermistor 330 is retained, while having a portion of the
thermistor 330 exposed or otherwise access thereto provided
through the opening 350 on the first housing portion 310 of
the on body electronics 110 (FIG. 1). Furthermore, while UV
adhesive layer is described above as applied over or in the
opening 350, any other suitable adhesive layer may be applied
to provide a water resistant, or water tight seal of the opening
350 while providing thermal conduction to the thermistor
330.

[0092] Referring to FIG. 5, in certain embodiments, on
body electronics 110 (FIG. 1) includes a printed circuit board
(PCB) 500, which, along with a proximal portion of the
analyte sensor 101 (FIG. 1) may be encapsulated either par-
tially or entirely, with potting material. Encapsulation of PCB
500 and the proximal portion of the analyte sensor 101 pro-
vide protection of the electronic components on the on body
electronics provided on PCB 500 from contaminants and/or
moisture. In certain embodiments, PCB 500 includes a data
processing or control unit such as one or more microproces-
sors and/or ASICs, one or more memory or data storage
devices such as random access memory (RAM), read only
memory (ROM), ferromagnetic random access memory
(FRAM), electrically erasable programmable read only
memory (EEPROM), and the like, to store data and program-
ming and/or control logic or routines to perform the opera-
tions related to the processing of signals received from ana-
lyte sensor 101. Data processing or control unit may be
programmed to perform signal processing such as, for
example, but not limited to, current to frequency conversion
of the raw sensor signals, analog to digital conversion, signal
filtering, storage, data transmission and reception.

[0093] Referring to FIG. 5, in some embodiments, on body
electronics 110 (FIG. 1) includes an application specific inte-
grated circuit (ASIC) 510 to execute logic for processing
signals generated by the analyte sensor 110. In some embodi-
ments, each of the working electrode, reference electrode and
counter electrode of the analyte sensor 101 (FIG. 1) is elec-
trically coupled respectively to one of the pins of the ASIC
510. More specifically, as shown in FIG. 5, working electrode
521 of the analyte sensor 101 is connected to the ASIC 510 at
the pin 541 and is surrounded by guard trace 531 which are
connected to the pins 551A, 551B that are on either sides of
the pin 541 that connects the working electrode 521 to the
ASIC 510. Similarly, reference electrode 522 of the analyte
sensor 101 (FIG. 1) is connected to ASIC 510 at pin 542 and



US 2014/0275898 A1l

is surrounded by guard trace 532 which are connected to the
pins 552A, 552B that are on either sides of the pin 542 that
connects the reference electrode 522 to the ASIC 510. Finally,
as further shown in FIG. 5, in some embodiments, counter
electrode 523 of the analyte sensor 101 is connected to the
ASIC 510 at the pin 543 and is surrounded by guard trace 533
which are connected to the pins 553 A, 553B that are on either
sides of the pin 543 that connects the counter electrode 523 to
the ASIC 510. In some embodiments, guard traces 531, 532,
533 are copper or other suitable electrical traces provided on
the surface of the PCB 500 and connected to the respective
pins to the ASIC 510.

[0094] Referring still to FIG. 5, in certain embodiments,
ASIC 510 includes an amplifier such as for example, but not
limited to, a unity gain buffer amplifier that is configured to
drive the reference guard 532 and the counter guard 533 at the
substantially the same voltage as the reference electrode 522
and at the counter electrode 523, respectively, of the analyte
sensor 101 (FIG. 1). In this manner, in certain embodiments,
the signals at the electrodes of the sensor 101 is protected
from any signal degradation source such as, for example,
surface contamination or moisture that may potentially
degrade the signals at the analyte sensor electrodes, resulting
in erroneous measurements. In certain embodiments, the
unity gain buffer amplifier of the ASIC 510 is configured to
maintain a voltage different between the reference electrode
522 and reference guard trace 532 at less than about 200 pV.
Similarly, in certain embodiments, the unity gain buffer
amplifier of the ASIC 510 is configured to maintain a voltage
different between the counter electrode 523 and counter
guard trace 533 at less than about 200 pV.

[0095] Incertainembodiments, ASIC 510 may also provide
additional functions, such as data encryption, data compres-
sion, providing or communicating a serial number, time
stamp and temperature readings, operating logic, and other
functions, in addition to digitizing and transmitting data pack-
ets and/or signals corresponding to measured analyte levels.
Furthermore, on body electronics 110 (FIG. 1) in certain
embodiments include one or more memory devices 560, 570
to store, write, update data, executable algorithm and the like.
In certain embodiment, ASIC 510 includes storage devices
such as memory devices for storing and updating data and/or
storing executable algorithms. In certain embodiments,
memory devices may include electrically erasable program-
mable read only memory (EEPROM), erasable program-
mable read only memory (EPROM), random access memory
(RAM), read only memory (ROM), flash memory, ferromag-
netic random access memory (FRAM), or one or more com-
binations thereof.

[0096] In certain embodiments, ASIC 510 includes on chip
a RISC (reduced instruction set computing) processor, an
EEPROM, and a register (A/D converter operatively coupled
to an analyte sensor). EEPROM in certain embodiments
includes a portion that has programmed in it one or more
characteristics or details associated with a memory manage-
ment routine. Exemplary characteristics or details include,
for example, a source address (e.g., whether it is an array or a
single memory location), a destination address, a size/number
of bytes to copy to memory, whether the memory location is
a loop buffer (e.g., overwriting the older stored values with
new values when the end of the buffer is reached).

[0097] Incertain embodiments, a preset number of specific
events may be defined and stored. For example, such events
may include, but not limited to, (1) RF power onevent, (2)RF
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data read command, (3) RF data log command, (4) 1 minute
data ready event (e.g., the A/D conversion of the signal from
the analyte sensor is complete and the digitized data is ready
for storage), or (5) log data (10 minute analyte data) ready
event (e.g., when 10 minutes of analyte data is available for
storage). For example, 10 minutes of analyte data is available
in certain embodiments when the last A/D conversion for the
10 minute analyte data is complete. In certain embodiments,
other events or states may be defined.

[0098] In certain embodiments, when the RISC processor
detects one of the specific events, the RISC processor
executes the programmed memory management routine.
During the execution of the memory management routine, the
stored characteristics in EEPROM are retrieved. Based on the
retrieved characteristics, the memory management routine
stores data associated with the detected event. For example, in
certain embodiments, when a RF data log command event is
detected, the data associated with this event is logged in
another section of the EEPROM on ASIC chip in accordance
with the retrieved characteristics (e.g., source and destination
address for the data associated with this event).

[0099] Incertainembodiments, the characteristics stored in
EEPROM associated with the specific events may be modi-
fied. For example, the source and destination address may be
changed or modified to point to a different memory device or
storage unit of on body electronics 110 (e.g., a separate
EEPROM or memory that is not part of the ASIC chip). For
example, data logger applications of the monitoring system
100 requires storing an amount of data (e.g., data for about 30
days, about 45 days, about 60 days or more, of 1 minute
interval sampled analyte data (or 5 minute interval sampled
data, or 10 minute interval sampled data)) in on body elec-
tronics 110 much greater than in on demand application
where a limited amount of data is stored (e.g., 15 samples of
1 minute interval sampled analyte data, and 6 hours of his-
torical 10 minute interval sampled analyte data). In certain
embodiment, the amount of data for storage in data logger
application may exceed the capacity of on chip EEPROM. In
such cases, a larger capacity, off chip EEPROM may be
provided in on body electronics 110 for storing data from the
data logger application. To configure on body electronics 110
to store sampled analyte data in the larger capacity, off chip
EEPROM, in certain embodiments, the characteristics stored
in EEPROM associated with the events are reprogrammed or
updated (for example, by updating the source and destination
addresses associated with the events) so that data logging or
storage is pointed to the larger off chip EEPROM.

[0100] In this manner, by updating or reprogramming the
portion of on chip EEPROM that stores the event character-
istics, location of data storage in on body electronics 110 may
be updated or modified depending upon the desired applica-
tion or use of on body electronics 110. Furthermore, other
stored characteristics associated with one or more particular
events may be updated or reprogrammed in EEPROM as
desired to modify the use or application of on body electron-
ics 110 in analyte monitoring system 100. This is further
advantageously achieved without reprogramming or modify-
ing the stored routines for executing the particular events by
the RISC processor.

[0101] Prior to initialization of the on body electronics 110
(FIG.1) for use, there may be a period of time post manufac-
turing during which on body electronics 110 may be placed in
sleep or idle mode. To initialize on body electronics 110 to
transition from the sleep or idle mode, in certain embodi-
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ments, wireless signal may be provided to on body electronics
110 which, upon receipt by on body electronics 110 initiates
an initialization routine to turn on body electronics 110 into
operational mode for example, but turning on its power
source.

[0102] In certain embodiments, during the sleep or idle
mode, the power supply or the battery in the on body elec-
tronics 110 is disconnected so that it is not drained prior to
actual use, and can support the desired use time period (e.g.,
30 days, 20 days, 14 days, 7 days, etc). To prevent inadvertent
activation of the on body electronics 110 (for example, by the
presence of RF energy source nearby which accidentally
activates the on body electronics 110 prior to actual intended
use), on body electronics 110 in certain embodiments per-
forms a sensor detection/activation routine to confirm the
active use state of the analyte sensor for the intended moni-
toring,

[0103] More specifically, in certain embodiments, upon
activation of the battery, on body electronics 110 transitions
out of the sleep or idle mode, and is configured to initiate
sensor data collection routine to collect and process a prede-
termined number of sensor data based on the current signals
from the analyte sensor 101. The predetermined number of
sensor data (for example, 10 minutes, 8 minutes, 5 minutes
and so on), are then averaged in one embodiment, and the
averaged signal level is compared against a predetermined
threshold level which is programmed and associated with the
activation status of the on body electronics 110. If it is deter-
mined that the averaged sensor signal level is greater than the
predetermined threshold level, then the activation status of
the on body electronics 110 1s declared or determined to be
valid, and the programmed operation of the on body electron-
ics 110 continues in one embodiment. On the other hand, if
the determined average sensor signal level is less than the
predetermined threshold level, then the activation status is
determined to be invalid. When the activation status is deter-
mined to be invalid, the on body electronics 110 in certain
embodiments is configured to turn off the power supply (e.g.,
battery) using, for example, an electronic switch, and return
to the idle sleep state, drawing little or no power from the
power supply. In certain embodiments, the predetermined
threshold level is determined based on a signal level consid-
ered to be valid based upon multiple sensor sampling during
manufacturing. Once returned to idle or sleep state, the on
body electronics 110 can again be activated using an activa-
tion signal from, for example, display device 120. Upon acti-
vation, the on body electronics 110 performs the sensor detec-
tion/activation routine as described above.

[0104] Incertain embodiments, when the sensor detection/
activation routine has failed, based on the routine described
above, a preset number of times, on body electronics 110 may
be programmed to enter a fail state so that it is no longer
activatable or usable. For example, if an on body electronics
110 has executed five failed sensor detection/activation rou-
tines, the on body electronics 110 enters the fail state such that
it is not responsive to any activation signal and is not usable.
[0105] In some embodiments, sensor detection/activation
routine includes the comparison of the initial current signal
level excursion when the on body electronics is first powered
on. More specifically, in certain embodiments, in the initial
turn-on phase, the sensor generates a higher than normal
signal level which can be measured and used to detect the
presence of an active sensor. For example, during the first 5 or
10 second time interval (or some other suitable time interval
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such as 30 seconds or 60 seconds) at the start of the on body
electronics 110 power on state, the on body electronics 110
monitors the signal level from the sensor, and when an
expected signal spike followed by signal settling is detected
from the sensor during the initial time interval, the presence of
an active sensor is confirmed and the on body electronics 110
may be configured to initiate the programmed data processing
cycles. As the presence of the initial signal spike and settling
corresponds to the signal characteristics from an analyte sen-
sor in interstitial fluid when poise voltage is applied to the
sensor, such initial signal spike followed by signal settling
may be detected and used to confirm the presence of the
analyte sensor and confirm the activation of the on body
electronics 110.

[0106] After pairing is complete, when display device 120
queries on body electronics 110 for real time monitored ana-
lyte information and/or logged or stored analyte data, in cer-
tain embodiments, the responsive data packet transmitted to
display device 120 includes a total of 418 bytes that includes
34 bytes of status information, time information and calibra-
tion data, 96 bytes of the most recent 16 one-minute glucose
data points, and 288 bytes of the most recent 15 minute
interval glucose data over the 12 hour period. Depending
upon the size or capacity of the memory or storage unit of on
body electronics 110, data stored and subsequently provided
to the display device 120 may have a different time resolution
and/or span alonger or shorter time period. For example, with
a larger data buffer, glucose related data provided to the
display device 120 may include glucose data over a 24 hour
time period at 15 minute sampling intervals, 10 minute sam-
pling intervals, 5 minute sampling intervals, or one minute
sampling intervals. Further, the determined variation in the
monitored analyte level illustrating historical trend of the
monitored analyte level may be processed and/or determined
by the on body electronics 110, or alternatively or in addition
to, the stored data may be provided to the display device 120
which may then determine the trend information of the moni-
tored analyte level based on the received data packets.

[0107] Furthermore, other data types and indicator flags
may be stored in the data packet that is communicated to the
display device 120 upon request or query from the display
device 120. For example, in certain embodiments, the sensor
calibration status and/or sensor sensitivity may be stored in
the memory unit or data storage unit of the on body electron-
ics 120 and one or more corresponding data identifier may be
retrieved and provided to the data packet that is generated and
communicated with the glucose data. In certain embodi-
ments, other data, identifier or associated information may be
stored in the memory unit of the on body electronics during
manufacturing and retrieval, when appropriate or prompted
(based on memory location, for example), included in the data
packet that is generated by the on body electronics 110 for
communication to the data requesting device such as the
display device 110. For example, in certain embodiments,
during manufacturing, data or information specific to the use
of the on body electronics 110 may be stored or programmed
into its memory. Such information may include geographical
location information where the on body electronics 110 is
going to be used or activated, sensor sensitivity information,
sensor expiration information, sensor use duration informa-
tion (30 days, 15 days, 14, days, 13, days, 12 day, 7 days, etc),
sensor manufacturing date, sensor activation threshold level,
and/or other device diagnostic information which in some
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embodiments, are used to perform pre-processing during or
after the initial activation of the on body electronics 110.
[0108] The size of the data packets provided to display
device 120 from on body electronics 110 may also vary
depending upon the communication protocol and/or the
underlying data transmission frequency—whether using a
433 MHz, a 13.56 MHz, or 2.45 GHz in addition to other
parameters such as, for example, the availability of a data
processing devices such as a microprocessor (e.g., central
processing unit CPU) in on body electronics 110, in addition
to the ASIC state machine, size of the data buffer and/or
memory, and the like.

[0109] Referring back to FIG. 1, in certain embodiments,
analyte monitoring system 100 may store the historical ana-
lyte data along with a date and/or time stamp and/or contem-
poraneous temperature measurement, in memory, such as a
memory configured as a data logger as described above. In
certain embodiments, analyte data is stored at the frequency
of about once per minute, or about once every ten minutes, or
about once an hour, etc. Data logger embodiments may store
historical analyte data for a predetermined period of time,
e.g., a duration specified by a physician, for example, e.g.,
about 1 day to about 1 month or more, e.g., about 3 days or
more, e.g., about 5 days or more, e.g., about 7 days or more,
e.g., about 2 weeks or more, e.g., about 1 month or more.
[0110] Other durations of time may be suitable, depending
on the clinical significance of the data being observed. The
analyte monitoring system 100 may display the analyte read-
ings to the subject during the monitoring period. In some
embodiments, no data is displayed to the subject. Optionally,
the data logger can transmit the historical analyte data to a
receiving device disposed adjacent, e.g., in close proximity to
the data logger. For example, a receiving device may be
configured to communicate with the data logger using a trans-
mission protocol operative at low power over distances of a
fraction of an inch to about several feet. For example, and
without limitation, such close proximity protocols include
Certified Wireless USB™, TransferJet™, Bluetooth® (IEEE
802.15.1), WiFi™ (IEEE 802.11), ZigBee® (IEEE 802.15.
4-2006), Wibree™, or the like.

[0111] In certain embodiments, on body electronics 110 is
configured to process the signals obtained from the sensor
based on a predetermined processing cycle. For example, in
some embodiments, ASIC 510 of the on body electronics 110
is configured to define a data processing cycle of, for
example, 15 minutes, 10 minutes, 12 minutes, 5 minutes, 2
minutes, 1 minute or 30 seconds or some other suitable time
interval, during which specific programmed data processing
routines are executed. In certain embodiments, during the
defined data processing cycle, ASIC 510 is configured to
enter an active data processing mode and perform one or more
data collection routines based on the sensor signals (for
example, raw current signals generated by the sensor 101).
More specifically, in certain embodiments, during each data
processing cycle, ASIC 510 is configured to execute pro-
gramming logic to, for example, sequentially process a set
number of raw sensor current signals as well as other moni-
tored or associated data such as, for example, monitored
temperature. In some embodiments, for data processing
cycle, ASIC 510 is configured to process a series of defined
sensor signals, followed by the on skin temperature, the PCB
board temperature, the current signal level at the counter
electrode of the analyte sensor 101 (FIG. 1), and any other
programmed signal processing to be performed.
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[0112] For example, in some embodiments, ASIC 510 of
the on body electronics 110 is configured to perform 10
seconds of data collection five times sequentially at the begin-
ning of each 15 minute data processing cycle, followed by
processing or determining the on skin temperature (for
example, from thermistor 330), the PCB or board tempera-
ture, and/or the counter electrode current signal level. Each of
the five measured or processed sensor signal, temperature
measurements and counter electrode current signal are pro-
cessed to generate the data packet corresponding to the 15
minute data processing cycle. The generated data packet may
be stored in one or more of the memory devices, and/or
communicated to a remote location such as the display device
120 uponreceiving arequest for and in response to the request
for the generated data packet from the display device 120.
When the on body electronics 110 completes the data pro-
cessing to generate the data packet as described above during
the data processing cycle, the on body electronics 110 in
certain embodiments returns to an idle state that draws or uses
less power from the power source such as a battery within the
on body electronics 110 until the next data processing cycle
begins.

[0113] In certain embodiments, when the request for the
real time glucose data is received from the display device 120
during the time that the on body electronics 110 is in active
data processing cycle to generate the data packet, one or more
of the data collection routines may be disrupted by the RF
energy received from the display device 120 that may inter-
fere with the data collection routines. For example, if the real
time glucose data request is received during the second of the
five 10 second data collection routines for sensor data collec-
tion and processing within the 15 minute data processing
cycle, the second 10 second data collection routine may be
disrupted by the RF energy received from the display device
120. When on body electronics 110 detects such disruption
(i.e., exposure to the RF energy during active data processing
cycle), in certain embodiments, the on body electronics 110 is
configured to perform another data collection routine to
replace the disrupted or otherwise degraded data resulting
from the interrupted data collection routine.

[0114] By way of an example, on body electronics 110 in
some embodiments, may perform another 10 second data
collection routine either immediately upon detection of the
RF energy, orupon completion of the remaining data process-
ing routines (e.g., the remaining three 10 second sensor data
processing, temperature data processing, and counter elec-
trode signal determination) during the same 15 minute data
processing cycle and generate another sensor data. The result-
ing additional sensor data from the additional sensor data
collection routine is then used to generate the data packet for
subsequent storage in memory or communication to the dis-
play device 120.

[0115] In still other embodiments, when the on body elec-
tronics 110 detects the presence of signal interference such as
the RF energy from the display device 120 during its active
data processing cycle, the on body electronics 110 may be
configured to discontinue the data processing cycle in pro-
cess, and restart the data processing cycle by initiating the
first of the five 10 second sensor data collection routines, for
example.

[0116] As discussed above, in certain embodiments, the
sensor data collection may be programmed as a 10 second
sensor data collection period, 8 second sensor data collection
period, 5 second sensor data collection period, 3 second sen-
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sor data collection period or some other suitable time period
for collecting multiple sensor data to generate the data packet.
Furthermore in certain embodiments, five separate sensor
data collection routines are performed to generate the data
packet, while in certain other embodiments, four separate
sensor data collection routines may be performed, or three
separate sensor data collection routines may be performed, or
any other suitable number of separate sensor data collection
routines during each active data processing cycle of the on
body electronics 110 for generating the data packet represen-
tative of the real time glucose data monitored by the analyte
sensor 101.

[0117] In certain embodiments, when the active data pro-
cessing cycle of the on body electronics is relatively short (for
example one minute), and the interaction with the data
requesting device such as the display device 120 is relatively
frequent (multiple times during a one minute time interval,
for example), there may be instances where the RF energy
from the display device 120 may disrupt the data collection
routines in the on body electronics 110 during its active data
processing cycle. In such instance, in certain embodiments,
the user operating the display device 120 may be limited to a
predetermined time interval between each data request (that
results in exposing the RF energy to the on body electronics
110 potentially during one or more of the active data process-
ing cycle). For example, the user may be limited one data
request for each 5 minute interval, or a four minute interval, or
a three minute interval or a two minute interval, such that the
display device 120 may be configured to disable the activation
of the switch or button to request the data on the display
device 120 to initiate data transfer from the on body electron-
ics 110.

[0118] In certain embodiments, on body electronics 110 is
configured to manage the storing or logging of information
associated with detected error resulting from the operation of
the on body electronics 110 and/or signals from the analyte
sensor. For example, given particular memory or storage unit
capacity in the on body electronics 110, where certain
memory locations are dedicated or assigned for certain types
of data, on body electronics 110 may be configured to
dynamically manage error logging based on the detected
error and the corresponding data bits needed to store the error
data bits.

[0119] More specifically, in certain embodiments, a preset
number of memory locations (for example, 3 or 5 or 7
memory locations or other suitable number of memory loca-
tions) are made available for error bits for each glucose
sample data. When the detected error results in actual error
memory allocation greater than the number preset or pre-
assigned, in certain embodiments, the least significant bits for
the memory location assigned to store the on body electronics
circuit board temperature data may be used to store the error
bits that exceed the preset number of error bits. For example,
in the case where the preset number of error memory loca-
tions is five, and the actual error memory allocation needed is
seven for a given glucose sample, on body electronics 110
may be configured to store error bits in the 4 out of the 5 error
memory locations in the data storage device, and reserve the
5th error memory location as an identifier bit that indicates
whether additional memory locations are used for the addi-
tional error bits for storage (for example, the remaining 3 of
the 7 error bits that are stored in the least significant bits
(LSBs) in the memory location allocated for the circuit board
temperature data).
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[0120] Accordingly, in certain embodiments, for each glu-
cose data packet generated corresponding to the sampled
glucose level, on body electronics may be configured to
dynamically allocate LSBs of the memory locations assigned
or set aside for circuit board temperature data to store or log
extra or additional error data bits that are not stored in the
preset error memory locations in the data storage device. In
this manner, all error data bit generated that correspond to
each glucose sample is stored in the memory structure of the
data storage device or memory unit of the on body electronics
110, by, for example, re-allocating some L.SBs of the memory
location dedicated for non-error data type, without sacrificing
the accuracy of the other data type (for example, the board
temperature data in the example provided above), as only the
LSBs are used for storing error bits.

[0121] In the manner described above, in certain embodi-
ments, an apparatus comprises a glucose sensor including a
working electrode having a portion in fluid contact with inter-
stitial fluid under a skin surface, a memory unit having a first
plurality of memory locations configured to store a first pre-
determined type of data and a second plurality of memory
locations configured to store a second predetermined type of
data, and a processing unit operatively coupled to the glucose
sensor and the memory unit, the processing unit configured to
process analyte related signals generated by the glucose sen-
sor, and to control data storage in and retrieval from the
memory unit, where the first predetermined type of data
includes error data, the second predetermined type of data
includes monitored physiological condition data, where
when an error condition associated with operation of the
glucose sensor is detected by the processing unit, the process-
ing unit is configured to store data associated with the first
predetermined type of data in a subset of the second plurality
of memory locations of the memory unit, and further, where
the processing unit is configured to store an error condition
indicator in a subset of the first plurality of memory locations
of the memory unit.

[0122] In certain embodiments, the first predetermined
type of data includes the error data corresponding to the error
condition associated with the operation of the glucose sensor.

[0123] Incertain embodiments, when the error condition is
detected by the processing unit, a first portion of a plurality of
error data bits corresponding to the detected error condition is
stored in the subset of the first plurality of memory locations,
and a second portion of the plurality of error data bits is stored
in the subset of the second plurality of memory locations, the
first portion and the second portion comprising the entire
error data bits.

[0124] In certain embodiments, the monitored physiologi-
cal condition data corresponding to the second predetermined
type of data includes one or more of temperature data, analyte
level data, pressure data, humidity data, or sterility data.

[0125] In certain embodiments, the apparatus further
includes a data communication module operatively coupled
to the processing unit, the data communication module con-
figured to communicate data stored in the first plurality of
memory locations and the second plurality of memory loca-
tions in a single data packet to a remote location.

[0126] In certain embodiments, the data communication
module wirelessly communicates the single data packet to the
remote location in response to a request for data received
from the remote location.
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[0127] In certain embodiments, the first plurality of
memory locations of the memory unit has storage capacity to
store only a first portion of a plurality of error data bits and the
error condition indicator.

[0128] In certain embodiments, the second plurality of
memory locations of the memory unit has storage capacity to
store only a second portion of a plurality of error data bits and
a subset of the second predetermined type of data including
the monitored physiological condition data.

[0129] In certain embodiments, the subset of the second
predetermined type of data stored in the second plurality of
memory locations has sufficient bit resolution to represent the
monitored physiological condition data.

[0130] In certain embodiments, a second portion of a plu-
rality of error data bits are stored in the least significant bit
locations in the second plurality of memory locations.
[0131] In certain embodiments, the memory unit further
includes a third plurality of memory locations for storing a
third predetermined type of data including data associated
with calibration status identifier of the glucose sensor.
[0132] Incertain embodiments, the processing unit updates
the stored calibration status identifier based on a signal con-
dition received from the glucose sensor.

[0133] In certain embodiments, the memory unit further
includes a third plurality of memory locations for storing a
third predetermined type of data including data associated
with glucose sensor usage duration.

[0134] Incertain embodiments, the data associated with the
glucose sensor usage duration includes sensor expiration
data.

[0135] In certain embodiments, the memory unit further
includes a third plurality of memory locations for storing a
third predetermined type of data including data associated
with glucose sensor geographical usage location.

[0136] In certain embodiments, the memory unit further
includes a third plurality of memory locations for storing a
third predetermined type of data including data associated
with glucose sensor manufacturing information.

[0137] Incertain embodiments, the data associated with the
glucose sensor manufacturing information includes glucose
sensor sensitivity data.

[0138] In certain embodiments, the memory unit further
includes a third plurality of memory locations for storing a
third predetermined type of data including data associated
with glucose sensor usage type.

[0139] Incertain embodiments, the data associated with the
glucose sensor usage type includes a retrospective glucose
sensor data collection operation.

[0140] Incertain embodiments, the data associated with the
glucose sensor usage type includes real time glucose sensor
data acquisition and output operation.

[0141] A method in certain embodiments includes detect-
ing an error condition related to glucose sensor operation,
generating error data corresponding to the detected error con-
dition, storing a first portion of the generated error data in a
first predetermined memory location configured for storing
the error data, storing a second portion of the generated error
data in a second predetermined memory location configured
for storing monitored physiological data, and generating an
error data flag and storing the error data flag in the first
predetermined memory location configured for storing the
error data.

[0142] In certain embodiments, the method further com-
prises generating a single data packet including the error data
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stored in the first and second predetermined memory loca-
tions and wirelessly transmitting to a remote location the
single data packet in response to a data request received from
the remote location.

[0143] In certain embodiments, the first predetermined
memory location has a storage capacity to store only the first
portion of the generated error data and the generated error
data flag.

[0144] In certain embodiments, the second predetermined
memory location has a storage capacity to store only the
second portion of the generated error data and a subset of the
monitored physiological data.

[0145] Various other modifications and alterations in the
structure and method of operation of this disclosure will be
apparent to those skilled in the art without departing from the
scope and spirit of the embodiments of the present disclosure.
Although the present disclosure has been described in con-
nection with particular embodiments, it should be understood
that the present disclosure as claimed should not be unduly
limited to such particular embodiments. It is intended that the
following claims define the scope of the present disclosure
and that structures and methods within the scope of these
claims and their equivalents be covered thereby.

What is claimed is:
1. An apparatus, comprising:
a glucose sensor including a working electrode having a
portion in fluid contact with interstitial fluid under a skin
surface;
amemory unit having a first plurality of memory locations
configured to store a first predetermined type of data and
a second plurality of memory locations configured to
store a second predetermined type of data; and
a processing unit operatively coupled to the glucose sensor
and the memory unit, the processing unit configured to
process analyte related signals generated by the glucose
sensor, and to control data storage in and retrieval from
the memory unit;
wherein, the first predetermined type of data includes
error data, the second predetermined type of data
includes monitored physiological condition data,
wherein when an error condition associated with
operation of the glucose sensor is detected by the
processing unit, the processing unit is configured to
store data associated with the first predetermined type
of data in a subset of the second plurality of memory
locations of the memory unit; and further

wherein, the processing unit is configured to store an
error condition indicator in a subset of the first plural-
ity of memory locations of the memory unit.

2. The apparatus of claim 1, wherein the first predeter-
mined type of data includes the error data corresponding to
the error condition associated with the operation of the glu-
COSe Sensor.

3. The apparatus of claim 1, wherein when the error con-
dition is detected by the processing unit, a first portion of a
plurality of error data bits corresponding to the detected error
condition is stored in the subset of the first plurality of
memory locations, and a second portion of the plurality of
error data bits is stored in the subset of the second plurality of
memory locations, the first portion and the second portion
comprising the entire error data bits.

4. The apparatus of claim 3, wherein the monitored physi-
ological condition data corresponding to the second predeter-



US 2014/0275898 A1l

mined type of data includes one or more of temperature data,
analyte level data, pressure data, humidity data, or sterility
data.

5. The apparatus of claim 1, further comprising a data
communication module operatively coupled to the process-
ing unit, the data communication module configured to com-
municate data stored in the first plurality of memory locations
and the second plurality of memory locations in a single data
packet to a remote location.

6. The apparatus of claim 5, wherein the data communica-
tion module wirelessly communicates the single data packet
to the remote location in response to a request for data
received from the remote location.

7. The apparatus of claim 1, wherein the first plurality of
memory locations of the memory unit has storage capacity to
store only a first portion of a plurality of error data bits and the
error condition indicator.

8. The apparatus of claim 1, wherein the second plurality of
memory locations of the memory unit has storage capacity to
store only a second portion of a plurality of error data bits and
a subset of the second predetermined type of data including
the monitored physiological condition data.

9. The apparatus of claim 1, wherein a second portion of a
plurality of error data bits are stored in the least significant bit
locations in the second plurality of memory locations.

10. The apparatus of claim 1, wherein the memory unit
further includes a third plurality of memory locations for
storing a third predetermined type of data including data
associated with calibration status identifier of the glucose
Sensor.

11. The apparatus of claim 1, wherein the memory unit
further includes a third plurality of memory locations for
storing a third predetermined type of data including data
associated with glucose sensor usage duration.

12. The apparatus of claim 1, wherein the memory unit
further includes a third plurality of memory locations for
storing a third predetermined type of data including data
associated with glucose sensor geographical usage location.

13. The apparatus of claim 1, wherein the memory unit
further includes a third plurality of memory locations for
storing a third predetermined type of data including data
associated with glucose sensor manufacturing information.
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14. The apparatus of claim 13, wherein the data associated
with the glucose sensor manufacturing information includes
glucose sensor sensitivity data.

15. The apparatus of claim 1, wherein the memory umt
further includes a third plurality of memory locations for
storing a third predetermined type of data including data
associated with glucose sensor usage type.

16. The apparatus of claim 15, wherein the data associated
with the glucose sensor usage type includes a retrospective
glucose sensor data collection operation.

17. A method, comprising:

detecting an error condition related to glucose sensor

operation;

generating error data corresponding to the detected error

condition;

storing a first portion of the generated error data in a first

predetermined memory location configured for storing
the error data;

storing a second portion of the generated error data in a

second predetermined memory location configured for
storing monitored physiological data; and

generating an error data flag and storing the error data flag

in the first predetermined memory location configured
for storing the error data.

18. The method of claim 17, further comprising:

generating a single data packet including the error data

stored in the first and second predetermined memory
locations; and

wirelessly transmitting to a remote location the single data

packet in response to a data request received from the
remote location.

19. The method of claim 17, wherein the first predeter-
mined memory location has a storage capacity to store only
the first portion of the generated error data and the generated
error data flag.

20. The method of claim 17, wherein the second predeter-
mined memory location has a storage capacity to store only
the second portion of the generated error data and a subset of
the monitored physiological data.
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