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SYSTEMS, DEVICES, AND METHODS RELATED TO THE INDIVIDUALIZED CALIBRATION

AND/OR MANUFACTURING OF MEDICAL DEVICES

CROSS-REFERENCE TO RELATED APPLICATIONS

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

Application Serial No. 62/547,635, filed August 18, 2017, which is incorporated by reference

herein in its entirety and for all purposes.

FIELD

[0002] The subject matter described herein relates generally to systems, devices, and

methods for determining or utilizing calibration information specific to individual medical

devices such as physiological sensors, and/or the manufacturing of physiological sensors.

BACKGROUND

[0003] A vast and growing market exists for monitoring the health and condition of humans

and other living animals. Information that describes the physical or physiological condition of

the human can be used in countless ways to assist and improve quality of life and diagnose and

treat undesirable human conditions.

[0004] A common device used to collect such information is a physiological sensor such as a

biochemical sensor, or a device capable of sensing a chemical attribute of a biological entity.

Biochemical sensors come in many forms and can be used to sense attributes in fluids, tissues, or

gases forming part of or produced by a biological entity, such as a human being. These

biochemical sensors can be used on or within the body itself, or they can be used on biological

substances that have already been removed from the body.

[0005] The performance of a biochemical sensor can be characterized in a number of ways,

and a characteristic of particular importance can be the accuracy of a biochemical sensor, or the

degree to which the biochemical sensor correctly measures the concentration or content of the

chemical being measured. The precision of the biochemical sensor, or the degree to which the

measured value is exact or refined, can also be important.



[0006] Although biochemical sensors often have a complex and well-studied design, they

can still be subject to a degree of performance variation. This can be caused by a number of

factors, including variations in the manufacturing process and variations in the constituent

materials used to fabricate the sensors. These variations can cause sensors of the same design

and manufacturing process to have measurable differences in their performance. For these and

other reasons, needs exist to improve the performance of manufactured biochemical sensors.

SUMMARY

[0007] A number of example embodiments are provided herein that can be used to improve

the performance of medical devices such as biochemical sensors, as well as the devices and

systems utilizing these sensors. These example embodiments relate to improved techniques for

assessing and predicting the performance of biochemical sensors when put to use by patients,

healthcare professionals (HCPs), or other users. Many of these example embodiments pertain to

the determination of calibration information based on parameters measured, recorded, or

otherwise obtained during the manufacturing process. These parameters can be individualized,

or specific to a discrete sensor, and the calibration information determined therefrom can

likewise be individualized, or specific to that discrete sensor.

[0008] In many example embodiments, the calibration information is determined by also

taking reference to actual tests of the sensing capability or characteristics of certain sensors. The

data resulting from those tests can be used with the one or more parameters obtained during the

manufacturing process to determine, estimate, extrapolate, or otherwise predict the performance

of the sensor once distributed to the user. The tests, e.g., in vitro tests, used to assess sensing

characteristics are often destructive, contaminatory, or otherwise of a nature that render the

tested sensor unsuitable for distribution to the user. In a number of embodiments, the tests are

performed on one or more sensors and the results obtained therefrom are used with the

manufacturing parameter of a different, untested sensor to predict the performance of that

untested sensor. In this way, the performance of a particular sensor can be predicted without

subjecting the sensor to an in vitro test.

[0009] The information that represents the predicted performance of the sensor can be

embodied as calibration information, and this calibration information can be made available to

any device that seeks to use the sensing signal or data produced by the biochemical sensor to



determine the end result of the measurement, e.g., the concentration or content of the substance

being sensed. While applicable to smaller scales, the embodiments described herein are

particularly useful when applied to high-volume manufacturing processes. For example, the

embodiments described herein can be applied to groups or batches of sensors that are

manufactured together. For example, in certain embodiments a subset of one or more sensors

from that group or batch are subjected to in vitro testing, and the resulting test data is used with

one or more manufacturing parameters obtained from a different subset of sensors of the same

group or batch to predict the performance of that different subset of sensors when distributed to

users. Other example embodiments are also described that incorporate one or more of the

aspects described here, as well as other example embodiments that differ from that described

here.

[0010] Also provided herein are a number of example embodiments of systems, devices, and

methods for modifying a surface of a sensor substrate to aid in placement and/or sizing of a

sensor element. In some of these embodiments, an area of a surface of a sensor substrate can be

modified with electromagnetic radiation to create a modified area. The modified area can have a

surface characteristic that is changed such that the mobility of a liquid applied to the substrate

surface is either increased or decreased by the modified area. Application of a liquid to the

surface of the sensor substrate can be performed such that the liquid comes to rest in a target area

on the surface, where the target area is determined at least in part by the location of the modified

area. The electromagnetic radiation can take various forms, such as laser radiation. In these and

other embodiments, the surface modification can be the creation of a well in which a sensing

element can be placed. The well can be created in various ways, such as by application of a

mechanical force. Example embodiments of sensors manufactured with modified areas and/or

wells are within the scope of this disclosure, as are devices, systems, and kits incorporating the

same.

[001 1] Other systems, devices, methods, features, and advantages of the subject matter

described herein will be or will become apparent to one with skill in the art upon examination of

the following figures and detailed description. It is intended that all such additional systems,

methods, features, and advantages be included within this description, be within the scope of the

subject matter described herein, and be protected by the accompanying claims. In no way should



the features of the example embodiments be construed as limiting the appended claims, absent

express recitation of those features in the claims.

BRIEF DESCRIPTION OF FIGURES

[0012] The details of the subject matter set forth herein, both as to its structure and operation,

may be apparent by study of the accompanying figures, in which like reference numerals refer to

like parts. The components in the figures are not necessarily to scale, emphasis instead being

placed upon illustrating the principles of the subject matter. Moreover, all illustrations are

intended to convey concepts, where relative sizes, shapes and other detailed attributes may be

illustrated schematically rather than literally or precisely.

[0013] FIG. 1 is a block diagram depicting an example embodiment of an in vivo analyte

monitoring system.

[0014] FIG. 2 is a block diagram depicting an example embodiment of a data processing

unit.

[0015] FIG. 3 is a block diagram depicting an example embodiment of a display device.

[0016] FIG. 4 as a schematic diagram depicting an example embodiment of an analyte

sensor.

[0017] FIG. 5A is a perspective view depicting an example embodiment of an analyte sensor

penetrating through the skin.

[0018] FIG. 5B is a cross sectional view depicting a portion of the analyte sensor of FIG. 5A.

[0019] FIGs. 6-9 are cross-sectional views depicting example embodiments of analyte

sensors.

[0020] FIG. 10A is a cross-sectional view depicting an example embodiment of an analyte

sensor.

[0021] FIGs. lOB-lOC are cross-sectional views depicting example embodiments of analyte

sensors as viewed from line A-A of FIG. 1OA.

[0022] FIG. 11 is a conceptual view depicting an example embodiment of an analyte

monitoring system.

[0023] FIG. 12 is a block diagram depicting an example embodiment of on body electronics.

[0024] FIG. 13 is a block diagram depicting an example embodiment of a display device.



[0025] FIG. 14 is a flow diagram depicting an example embodiment of information exchange

within and analyte monitoring system.

[0026] FIGs. 15A, 15B, and 16 are top down views depicting example embodiments of in

vitro analyte sensors.

[0027] FIG. 17 is an exploded view depicting an example embodiment of an in vitro analyte

sensor.

[0028] FIG. 18A is a perspective view depicting an example embodiment of an in vitro

analyte meter.

[0029] FIG. 18B is a frontal view depicting an example embodiment of an in vitro analyte

meter.

[0030] FIG. 19A is a graph depicting an example of an in vitro sensitivity of an analyte

sensor.

[0031] FIG. 19B is a graph depicting examples of different sensitivities for analyte sensors.

[0032] FIGs. 20A-20C are flow diagrams depicting example embodiments of methods for

calibrating a medical device capable of sensing a biomedical attribute.

[0033] FIG. 2 1A is a top down view depicting an example embodiment of a portion of an

analyte sensor.

[0034] FIGs. 21B-21C are cross-sectional views depicting example embodiments of a

portion of an analyte sensor as viewed along line 21BC-21BC of FIG. 21A.

[0035] FIG. 22A is a top down view depicting an example embodiment of a portion of an

analyte sensor.

[0036] FIGs. 22B-22C are cross-sectional views depicting example embodiments of a

portion of an analyte sensor as viewed along line 22BC-22BC of FIG. 22A.

[0037] FIG. 23A is a perspective view depicting an example embodiment of a portion of an

analyte sensor.

[0038] FIG. 23B is a cross-sectional view depicting an example embodiment of a portion of

an analyte sensor taken along line 23B-23B of FIG. 23A .

[0039] FIG. 24 is a cross-sectional view depicting an example embodiment of an in vivo

sensor.

[0040] FIG. 25A is a perspective view depicting an example embodiment of an analyte

sensor.



[0041] FIG. 25B is a cross-sectional view depicting an example embodiment of an analyte

sensor taken along line 25B-25B of FIG. 25A .

[0042] FIG. 26A is an example plot of in vitro test data.

[0043] FIG. 26B is an example plot of sensitivities corresponding to the in vitro test data of

FIG. 26A.

[0044] FIGs. 27A-27F are flow diagrams depicting example embodiments of methods of

determining individualized calibration information.

[0045] FIGs. 28A-28B are flow diagrams depicting additional example embodiments of

methods related to determining individualized calibration information.

[0046] FIG. 29A is a block diagram depicting an example embodiment of a computer system

that can be used to implement the calibration embodiments described herein.

[0047] FIGs. 29B-29D are block diagrams depicting conceptual process and information

flows with respect to the manufacturing of biochemical sensors.

[0048] FIGs. 30A-30B are plots depicting example data sets demonstrating statistically

significant associations between in vivo sensitivity and certain manufacturing parameters.

[0049] FIGs. 31A-31B are plots depicting sample data sets used in evaluating certain

example embodiments.

[0050] FIGs. 32A-32F are schematic views depicting example embodiments of a sensor

substrate at various stages of manufacturing.

[0051] FIGs. 33A-B are top down photographs depicting example embodiments of sensor

substrates.

[0052] FIGs. 34A-34B are top down photographs depicting example embodiments of sensing

elements formed on sensor substrates.

[0053] FIGs. 35A-35D are schematic views depicting example embodiments of modified

areas on sensor substrates.

[0054] FIGs. 36A-36B are flow diagrams depicting example embodiments of methods of

manufacturing one or more sensing elements.

[0055] FIGs. 37A-37B are schematic views depicting an example embodiment of a sensor

substrate at various stages of manufacturing.



[0056] FIG. 37C is a cross-section taken along line 37C-37C of FIG. 37B.

[0057] FIGs. 37D-F are cross-sections of additional example embodiments of a sensor

substrate.

[0058] FIG. 37G is a top down schematic view of an example embodiment of a sensor

substrate.

[0059] FIG. 37H is a cross-section taken along line 37H-37H of FIG. 37G.

[0060] FIGs. 38A-38D are cross-sections of example embodiments of a sensor substrate with

electrochemical agents deposited thereon.

[0061] FIGs. 39A-39B are photographs depicting an example embodiment of a tamping

instrument.

[0062] FIGs. 40A-40B are photographs depicting example embodiments of sensor substrates

having a well therein.

[0063] FIGs. 4 1A and 41B are top down photographs depicting an example embodiment of a

well in a sensor substrate before and after agent dispersion.

[0064] FIGs. 42A and 42B are top down photographs depicting an example embodiment of a

well in a sensor substrate before and after agent dispersion.

[0065] FIG. 43 is a series of top down photographs depicting various examples of agent

dispersion on sensor substrates with and without wells.

[0066] FIGs. 44A-44B are flow diagrams depicting example embodiments of methods of

manufacturing one or more sensing elements.

DETAILED DESCRIPTION

[0067] The present subject matter is described in detail with reference to example

embodiments. These example embodiments are set forth for illustrative purposes to aid those of

ordinary skill in the art in understanding and appreciating the full scope of the present subject

matter. These example embodiments do not constitute an exhaustive recitation of all manners in

which the present subject matter can be implemented, as such an exhaustive recitation is both



burdensome and unnecessary in light of the example embodiments explicitly set forth. As such,

the present subject matter is of a breadth that extends beyond those particular embodiments

explicitly set forth herein.

[0068] The subject matter described herein generally relates to advancements in techniques

for calibrating medical devices capable of sensing one or more biochemical attributes, as well as

systems and devices for performing these calibration techniques. In many embodiments, the

techniques permit the determination of individualized calibration information that varies between

and is particular to individual medical devices, as opposed to a single calibration value that is

determined for groups of medical devices as a whole. There are many classes of medical devices

that sense biochemical attributes, and thus there are many applications with which this subject

matter can be utilized. Several of these classes of medical devices will be described herein, but

these are merely examples and do not constitute an exhaustive recitation of all classes of medical

devices with which the present subject matter finds utility.

[0069] Medical devices capable of sensing or monitoring chemical levels in bodily fluids can

often be classified as part of either in vivo systems or in vitro systems. In vivo systems include

one or more medical devices that sense one or more biochemical attributes of bodily fluid that is

within the human body, often by partially or wholly implanting the medical device (e.g., a

sensor) within the human body. A common example is an in vivo analyte sensor useful in

monitoring analyte levels in the human body. These analyte sensors can be designed to detect

glucose or other analytes that are particularly relevant in monitoring a diabetic condition.

[0070] In vitro systems include one or more medical devices that sense one or more

biochemical attributes of bodily fluid, such as blood, plasma, urine, etc., that has been removed

from the human body, or other substances such as a homogenized biopsy sample. In vitro

systems can also be referred to as ex vivo systems. A common example is an in vitro analyte

sensor such as a test strip. In vitro test strips can also be designed to detect and measure glucose

or other analytes that are particularly relevant for monitoring a diabetic condition.

[0071] Systems and devices incorporating or utilizing data from either in vivo or in vitro

medical devices are broadly referred to herein as biochemical monitoring systems and

biochemical monitoring devices, respectively. Systems and devices incorporating or utilizing



data from medical devices that are designed to sense the level of an analyte (e.g., glucose) are

referred to herein as analyte monitoring systems and analyte monitoring devices, respectively.

[0072] Example embodiments relating to these calibration techniques will be presented by

reference to their application to in vivo medical devices and in vitro medical devices. The

majority of the embodiments are described with respect to in vivo medical devices, particularly,

in vivo analyte sensors. This is merely to facilitate the presentation of the features and aspects of

these example embodiments, and is not intended to limit these calibration techniques to use with

only in vivo analyte sensors. Indeed, as noted already, the present subject matter is broadly

applicable to other types of medical devices, a number of embodiments of which will also be

explicitly described.

[0073] Certain example embodiments relating to these calibration techniques permit the

determination of individualized calibration information specific to an individual sensor and, if

desired, the subsequent use of that individualized calibration information to calibrate an output of

the individual sensor. In many embodiments, the individualized calibration information is

specific to each individual medical device within a common manufacturing group or lot and can

vary between each individual medical device with the common group. These embodiments are

in contrast to approaches where a single calibration value is determined for a group or lot of

medical devices as a whole such that every medical device in the common manufacturing group

has the same calibration value.

[0074] In some example embodiments, a sensing characteristic of a first subset (e.g., a

sample or baseline subset) of medical devices is determined. For analyte sensors, this sensing

characteristic can be, e.g., a sensitivity of the sensor to the analyte. The sensing characteristic

can be determined with in vitro (or in vivo use) testing of the first subset of medical devices.

Examples of such testing will be described in more detail herein. One or more individualized

manufacturing parameter can be measured from each medical device in a different second subset

of medical devices (e.g., a distribution subset intended for distribution from the manufacturer to

third party users). In some example embodiments, the baseline and distribution subsets are taken

from the same production lot. The measurement of the individualized manufacturing parameter

can be performed by, e.g., the manufacturer during or after the manufacturing process. The

individualized manufacturing parameter can directly or indirectly correlate to the sensing



characteristic of the medical device, and numerous examples of such individualized

manufacturing parameters are described herein.

[0075] Individualized calibration information can then be independently determined for each

medical device within the distribution subset of medical devices using at least the individualized

manufacturing parameter of each device within the distribution subset and the sensing

characteristic of the baseline subset. This can result in calibration information that is specific to

each medical device in the distribution subset and that can vary between the medical devices

from variation of the individualized manufacturing parameter. In some embodiments, two or

more individualized manufacturing parameters are used to determine the calibration information.

In some embodiments, one or more qualitative manufacturing parameters are used, either alone

or in conjunction with a quantitative individualized manufacturing parameter.

[0076] As will be discussed in further detail herein, studies have confirmed that

embodiments of the present subject matter result in tangible improvements in the accuracy of

biochemical sensing measurements made by the medical devices. This represents an

improvement in the operation of the calibrated medical devices themselves, which in turn results

in an improvement in the operation of the monitoring systems and/or monitoring devices

incorporating these medical devices, as well as an improvement in the operation of the

computing devices that process or otherwise utilize the improved accuracy data produced by the

calibrated medical devices. Improvements through lessening variations between medical devices

were also confirmed, as were improvements to the manufacturing yield of the medical devices.

[0077] Before describing the embodiments relating to individualized calibration techniques

in detail, it is first desirable to describe example embodiments of in vivo analyte monitoring

systems and in vitro analyte monitoring systems, as well as examples of their operations, all of

which can be used with embodiments of these calibration techniques.

Example Embodiments of In Vivo Analyte Monitoring Systems

[0078] There are various types of analyte monitoring systems used with in vivo sensors.

"Continuous Analyte Monitoring" systems (e.g., "Continuous Glucose Monitoring" systems), for

example, are in vivo systems that can transmit data from a sensor control device to a reader



device repeatedly or continuously without prompting, e.g., automatically according to a

schedule. "Flash Analyte Monitoring" systems (e.g., "Flash Glucose Monitoring" systems or

simply "Flash" systems), as another example, are in vivo systems that can transfer data from a

sensor control device in response to a scan or request for data by a reader device, such as with a

Near Field Communication (NFC) or Radio Frequency Identification (RFID) protocol.

[0079] An in vivo analyte sensor can be partially or wholly implanted within the human body

such that it makes contact with the bodily fluid in the user and senses the analyte levels therein.

The in vivo sensor can be part of a sensor control device that resides on the body of the user and

contains the electronics and power supply that enable and control the analyte sensing. The

sensor control device, and variations thereof, can also be referred to as a "sensor control unit," an

"on-body electronics" device or unit, an "on-body" device or unit, a "sensor data

communication" device or unit, or a transmitter device or unit, to name a few. The term "on

body" or "on-body" refers to any device that resides directly on the body or in close proximity to

the body, such as a wearable device (e.g., glasses, armband, wristband or bracelet, neckband, or

necklace, etc.).

[0080] In vivo monitoring systems can also include one or more reader devices that receive

sensed analyte data from the sensor control device. These reader devices can process, retransmit,

and/or display the sensed analyte data, in any number of forms. These devices, and variations

thereof, can be referred to as "handheld reader devices," "reader devices" (or simply, "readers"),

"display devices," "handheld electronics" (or handhelds), "portable data processing" devices or

units, "data receivers," "receiver" devices or units (or simply receivers), "relay" devices or units,

"remote" devices or units, "companion" devices or units, "human interface" devices or units, to

name a few. Computing devices such as personal computers can be used as a reader device.

[0081] In vivo analyte monitoring systems can be used with in vitro medical devices as well.

For example, a reader device can incorporate or be coupled with a port for receiving an in vitro

test strip carrying a bodily fluid of the user, which can be analyzed to determine the user's

analyte level.

In Vivo Sensors

[0082] In vivo sensors can be formed on a substrate, e.g., a substantially planar substrate, or

a non-planar rounded or cylindrical substrate. In many embodiments, the sensor comprises at



least one electrically conductive structure, e.g., an electrode. Sensor embodiments can be single

electrode embodiments (e.g., having no more than one electrode), or multiple electrode

embodiments (e.g., having exactly two, exactly three, or more electrodes). Embodiments of the

sensor will often include a working electrode, and can also include at least one counter electrode

(or counter/reference electrode), and/or at least one reference electrode (or at reference/counter

electrode). Electrodes can be arranged as discrete regions electrically isolated by insulative

regions, and can be electrically connected to circuitry for receiving (and optionally conditioning

and/or processing) the electrical signals produced by the electrodes. Electrodes can have planar

(e.g., relatively flat) surfaces or non-planar (e.g., relatively curved or rounded, such as semi-

hemispherical, cylindrical, or irregular surfaces and combinations thereof). Electrodes can be

arranged in layers or concentrically or otherwise.

[0083] Accordingly, embodiments include analyte monitoring devices and systems that

include an analyte sensor at least a portion of which is positionable beneath the skin surface of

the user for the in vivo detection of an analyte, including glucose, lactate, and the like, in a body

fluid. Embodiments include wholly implantable analyte sensors and analyte sensors in which

only a portion of the sensor is positioned under the skin and a portion of the sensor resides above

the skin, e.g., for contact to a sensor control device (which may include a transmitter), a

receiver/display unit, transceiver, processor, etc. The sensor may be, for example, positionable

through an exterior skin surface of a user for the continuous or periodic monitoring (periodic

according to a regular interval, an irregular interval, a schedule, frequent repeats, etc.) of a level

of an analyte in the user's bodily fluid (e.g., interstitial fluid, subcutaneous fluid, dermal fluid,

blood, or other bodily fluid of interest). For the purposes of this description, continuous

monitoring and periodic monitoring will be used interchangeably, unless noted otherwise. The

sensor response may be correlated and/or converted to analyte levels in blood or other fluids. In

certain embodiments, an analyte sensor may be positioned in contact with interstitial fluid to

detect the level of glucose, which detected glucose may be used to infer the glucose level in the

user's bloodstream. Analyte sensors may be insertable into a vein, artery, or other portion of the

body containing fluid. Embodiments of the analyte sensors may be configured for monitoring the

level of the analyte over a time period which may range from seconds, minutes, hours, days,

weeks, to months, or longer.



[0084] In certain embodiments, the analyte sensors, such as glucose sensors, are capable of

in vivo detection of an analyte for one hour or more, e.g., a few hours or more, e.g., a few days

or more, e.g., three or more days, e.g., five days or more, e.g., seven days or more, e.g., several

weeks or more, or one month or more. Future analyte levels may be predicted based on

information obtained, e.g., the current analyte level at time tO, the rate of change of the analyte,

etc. Predictive alarms may notify the user of predicted analyte levels that may be of concern in

advance of the user's analyte level reaching the future predicted analyte level. This provides the

user an opportunity to take corrective action.

[0085] In an electrochemical embodiment, the sensor is placed, transcutaneously, for

example, into a subcutaneous site such that subcutaneous fluid of the site comes into contact with

the sensor. In other in vivo embodiments, placement of at least a portion of the sensor may be in

a blood vessel. The sensor operates to electrolyze an analyte of interest in the subcutaneous fluid

or blood such that a current is generated between the working electrode and the counter

electrode. A value for the current associated with the working electrode is determined. If

multiple working electrodes are used, current values from each of the working electrodes may be

determined. A microprocessor may be used to collect these periodically determined current

values or to further process these values.

[0086] If an analyte concentration is successfully determined, it may be displayed, stored,

transmitted, and/or otherwise processed to provide useful information. By way of example, raw

signal or analyte concentrations may be used as a basis for determining a rate of change in

analyte concentration, which should not change at a rate greater than a predetermined threshold

amount. If the rate of change of analyte concentration exceeds the predefined threshold, an

indication maybe displayed or otherwise transmitted to indicate this fact. In certain

embodiments, an alarm is activated to alert a user if the rate of change of analyte concentration

exceeds the predefined threshold.

[0087] As demonstrated herein, the present embodiments are useful in connection with a

device that is used to measure or monitor an analyte (e.g., glucose), such as any such device

described herein. The embodiments described herein can be used to monitor and/or process

information regarding any number of one or more different analytes. Analytes that may be

monitored include, but are not limited to, acetyl choline, amylase, bilirubin, carbon dioxide,



cholesterol, chorionic gonadotropin, glycosylated hemoglobin (HbAlc), creatine kinase (e.g.,

CK-MB), creatine, creatinine, DNA, fructosamine, glucose, glucose derivatives, glutamine,

growth hormones, hormones, ketones, ketone bodies, lactate, oxygen, peroxide, prostate-specific

antigen, proteins, prothrombin, RNA, thyroid stimulating hormone, troponin, and any

combination thereof. The concentration of drugs, such as, for example, antibiotics (e.g.,

gentamicin, vancomycin, and the like), digitoxin, digoxin, drugs of abuse, theophylline, and

warfarin, may be monitored in addition to or instead of analytes. In embodiments that monitor

more than one analyte, the analytes may be monitored at the same or different times. These

methods may also be used in connection with a device that is used to measure or monitor another

analyte (e.g., ketones, ketone bodies, HbAlc, and the like), including oxygen, carbon dioxide,

proteins, drugs, or another moiety of interest, for example, or any combination thereof, found in

bodily fluid, including subcutaneous fluid, dermal fluid, interstitial fluid, or other bodily fluid of

interest, for example, or any combination thereof. In general, the device is in good contact, such

as thorough and substantially continuous contact, with the bodily fluid.

[0088] According to embodiments of the present disclosure, the measurement sensor is one

suited for electrochemical measurement of analyte concentration, for example glucose

concentration, in a bodily fluid. In these embodiments, the measurement sensor includes at least

a working electrode and a counter electrode. Other embodiments may further include a reference

electrode. The working electrode is typically associated with a glucose-responsive enzyme. A

mediator may also be included. In certain embodiments, hydrogen peroxide, which may be

characterized as a mediator, is produced by a reaction of the sensor and may be used to infer the

concentration of glucose. In some embodiments, a mediator is added to the sensor by a

manufacturer, e.g., is included with the sensor prior to use. The redox mediator may be disposed

relative to the working electrode and is capable of transferring electrons between a compound

and a working electrode, either directly or indirectly. The redox mediator may be, for example,

immobilized on the working electrode, e.g., entrapped on a surface or chemically bound to a

surface.

[0089] 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 (e.g., at least a portion of a device, system or a

component thereof is maintained on the body of or in close proximity to a user to monitor an



analyte), physiological monitoring devices configured for real time measurement/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 electronics that are operatively coupled to an

analyte sensor and provided in a housing for placement on the body of a user.

[0090] Such device and system with analyte sensors provide continuous or periodic analyte

level monitoring that is executed automatically, or semi-automatically by control logic or

routines programmed or programmable in the monitoring devices or systems. As used herein,

continuous, automatic, and/or periodic monitoring refer to the in vivo monitoring or detection of

analyte levels with transcutaneously positioned analyte sensors.

[0091] 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.

[0092] 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 manufacture. Transformation modules that include

hardware and/or software to accomplish such transformation may be mateable to a given system

to transform it.



[0093] Embodiments include electronics coupled to analyte 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, 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

functionalities to operate the analyte sensors in certain embodiments 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.

[0094] 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 communicate

information corresponding to the in vivo monitored analyte level to a display device

automatically when the information is available, or selectively in response to a request for the

monitored analyte level information. Data communication between display devices and the

electronics coupled to the sensor in certain embodiments are implemented serially (e.g., data

transfer between them are not performed at the same time), or in parallel. For example, the

display device in certain embodiments is configured to transmit a signal or data packet to the

electronics coupled to the sensor, and upon receipt of the transmitted signal or data packet, the

electronics coupled to the sensor communicates back to the display device. In certain

embodiments, a display device may be configured to provide R 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.

[0095] 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

corresponding 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 predetermined monitoring time period, e.g., for

clinical analysis, therapy management, etc.

[0096] In certain embodiments, the predetermined monitoring time period is 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 monitoring), the predetermined monitoring time period ends. In

certain embodiments, the predetermined monitoring time period may include multiple sensor

usage life time periods 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 in certain embodiments includes the replacement of multiple analyte

sensors for use.

[0097] Analyte level trend information in certain embodiments is generated or constructed

based on stored analyte level information spanning a time period (e.g., corresponding to a

temperature time period, or other) and communicated to the display device. The trend

information in certain embodiments is output graphically and/or audibly and/or tactilely, and/or

numerically and/or otherwise presented on a user interface of the display device to provide

indication of the analyte level variation during this time period.

[0098] 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 R communication protocols. Example RFID

protocols include but are not limited to Near Field Communication (NFC) protocols that include

short communication ranges (e.g., about 1 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 communication protocols (e.g., using ultra high frequency (UF£F) communication systems)

for providing signals or data from on body electronics to display devices.

[0099] Communication protocols in certain embodiments use 433 MHz frequency, 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 one

or more display devices and/or other devices such as a personal computer. While certain data



transmission frequencies and/or data communication ranges are described above, within the

scope of the present disclosure, other data suitable data transmission frequencies and/or data

communication ranges can be used between the various devices in the analyte monitoring

system.

[0100] Embodiments include data management systems including, for example, a data

network and/or personal computer 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 information and/or further processing in conjunction with the physiological 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 or a computer terminal to transfer

collected or stored analyte related data to another device and/or location. Analyte related data in

certain embodiments 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.

[0101] In certain embodiments, 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, e.g., 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, about 1 days, or about 30 days or more. In certain

embodiments, the sensor-derived 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 information. 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. For example, using RFID communication, in one embodiment,

the user positions the display device in close proximity to the on body electronics coupled to the

analyte sensor and receives the real time (and/or historical) analyte level information from the on

body electronics (herein after referred to as "on demand" reading).



[0102] In still other embodiments, the information may be communicated from a first device

to a second device automatically and/or continuously when the analyte information 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 information is received by the second

device from the first device when the information becomes available (e.g., when the sensor

detects the analyte level according to a time schedule). 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.

[0103] 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 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 algorithm 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 circuit

(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.

[0104] Display devices may also include programming stored in memory for execution by

one or more microprocessors 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 microprocessor 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 processing 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 embodiments, positioning the on body device and

the display device within a predetermined distance (e.g., close proximity) relative 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.

[0105] Different types and/or forms and/or amounts of information may be sent for each on

demand reading, including but not limited to one or more of current analyte level information

(e.g., real time or the most recently obtained analyte level information temporally corresponding

to the time the reading is initiated), rate of change of an analyte over a predetermined time

period, rate of the rate of change of an analyte (acceleration in the rate of change), historical

analyte information corresponding to analyte information obtained prior to a given reading and

stored in memory of the assembly. Some or all of real time, historical, rate of change, rate of rate

of change (such as acceleration or deceleration) information may be sent to a display device for a

given reading. In certain embodiments, the type and/or form and/or amount of information sent

to a display device may be preprogrammed and/or unchangeable (e.g., preset at manufacturing),

or may not be preprogrammed and/or unchangeable so that it may be selectable and/or

changeable in the field one or more times (e.g., by activating a switch of the system, etc.).

[0106] Accordingly, in certain embodiments, for each on demand reading, a display device

will output a current (real time) sensor-derived analyte value (e.g., in numerical format), a

current rate of analyte change (e.g., in the form of an analyte rate indicator such as an arrow

pointing in a direction to indicate the current rate), and analyte trend history data based on sensor

readings acquired by and stored in memory of on body electronics (e.g., in the form of a

graphical trace). Additionally, the on skin or sensor temperature reading or measurement

associated with each on demand reading may be communicated from the on body electronics to

the display device. The temperature reading or measurement, however, may not be output or

displayed on the display device, but rather, used in conjunction with a software routine executed

by the display device to correct or compensate the analyte measurement output to the user on the

display device.



[0107] As described, embodiments include in vivo analyte sensors and on body electronics

that together provide body wearable sensor electronics assemblies. In certain embodiments, 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 insertion into a body). On body electronics may include an in

vivo glucose sensor, electronics, battery, and antenna encased (except for the sensor portion that

is for in vivo positioning) in a waterproof housing that includes or is attachable to an adhesive

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 intended use, e.g., without water damage to the housing electronics where the housing is

suitable for water submersion.

[0108] Embodiments include sensor insertion devices, which also may be referred to herein

as sensor delivery units, or the like. Insertion devices may retain on body electronics assemblies

completely in an interior compartment, e.g., an insertion device may be "pre-loaded" with on

body electronics assemblies during the manufacturing process (e.g., on body electronics may be

packaged in a sterile interior compartment of an insertion device). In such embodiments,

insertion devices may form sensor assembly packages (including sterile packages) for pre-use or

new on body electronics assemblies, and insertion devices configured to apply on body

electronics assemblies to recipient bodies.

[0109] 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 can be referred to in a

number of ways that have already been set forth. 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 establish

communication between a display device and another unit (e.g., on body electronics, power unit

to recharge a battery, 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.



[0110] Compatible informatics software in certain embodiments include, for example, but

not limited to stand alone or network connection enabled data management software program,

resident or running on a display device, personal computer, a server terminal, for example, to

perform data analysis, charting, data storage, data archiving and data communication 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.

[0111] Embodiments include programming embedded on a computer readable medium, e.g.,

computer-based application software (may also be referred to herein as informatics software or

programming or the like) that processes analyte information obtained from the system and/or

user self-reported data. Application software may be installed on a host computer such as a

mobile telephone, PC, an Internet-enabled human interface device such as an Internet-enabled

phone, personal digital assistant, or the like, by a display device or an on body electronics unit.

Informatics programming may transform data acquired and stored on a display device or on body

unit for use by a user.

[0112] As described in detail below, embodiments include devices, systems, kits and/or

methods to monitor one or more physiological parameters such as, for example, but not limited

to, analyte levels, temperature levels, heart rate, user activity level, over a predetermined

monitoring time period. Also provided are methods of manufacturing. Predetermined

monitoring time periods may be less than about 1 hour, or may include about 1 hour or more,

e.g., about a few hours or more, e.g., about a few days of more, e.g., about 3 or more days, e.g.,

about 5 days or more, e.g., about 7 days or more, e.g., about 10 days or more, e.g., about 14 days

or more, e.g., about several weeks, e.g., about 1 month or more. In certain embodiments, after

the expiration of the predetermined monitoring time period, one or more features of the system

may be automatically deactivated or disabled at the on body electronics assembly and/or display

device.

[0113] For example, a predetermined monitoring time period may begin with positioning the

sensor in vivo and in contact with a bodily fluid such as interstitial fluid, and/or with the



initiation (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 the insertion device, e.g., as described in U.S. Patent Publication

No. 201 1/0213225A1, the disclosure of which is incorporated by reference in its entirety.

[0114] 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 placing the on body electronics in full

operational mode in response to receiving the activation command from the display 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.

[01 15] 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 analyte 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 detection 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.

[0116] In certain embodiments, the monitored analyte level may be correlated and/or

converted to glucose levels in blood or other bodily fluids. Such conversion may be



accomplished by the on body electronics, but in other embodiments, will be accomplished with

display device electronics.

[01 17] Referring now to FIG. 1, the analyte monitoring system 100 includes an analyte

sensor 101, a data processing unit 102 connectable to the sensor 101, and a primary receiver unit

or display device 104. In some instances, the primary display device 104 is configured to

communicate with the data processing unit 102 via a communication link 103. In certain

embodiments, the primary display device 104 may be further configured to transmit data to a

data processing terminal 105 to evaluate or otherwise process or format data received by the

primary display device 104. The data processing terminal 105 may be configured to receive data

directly from the data processing unit 102 via a communication link 107, which may optionally

be configured for bi-directional communication. Further, the data processing unit 102 may

include electronics and a transmitter or a transceiver to transmit and/or receive data to and/or

from the primary display device 104 and/or the data processing terminal 105 and/or optionally a

secondary receiver unit or display device 106.

[01 18] Also shown in FIG. 1 is an optional secondary display device 106 which is

operatively coupled to the communication link 103 and configured to receive data transmitted

from the data processing unit 102. The secondary display device 106 may be configured to

communicate with the primary display device 104, as well as the data processing terminal 105.

In certain embodiments, the secondary display device 106 may be configured for bi-directional

wireless communication with each of the primary display device 104 and the data processing

terminal 105. As discussed in further detail below, in some instances, the secondary display

device 106 may be a de-featured receiver as compared to the primary display device 104, for

instance, the secondary display device 106 may include a limited or minimal number of

functions and features as compared with the primary display device 104. As such, the secondary

display device 106 may include a smaller (in one or more, including all, dimensions), compact

housing or embodied in a device including a wrist watch, arm band, PDA, mp3 player, cell

phone, etc., for example. Alternatively, the secondary display device 106 may be configured

with the same or substantially similar functions and features as the primary display device 104.

The secondary display device 106 may include a docking portion configured to mate with a

docking cradle unit for placement by, e.g., the bedside for night time monitoring, and/or a b i

directional communication device. A docking cradle may recharge a power supply.



[01 19] Only one analyte sensor 101, data processing unit 102 and data processing terminal

105 are shown in the embodiment of the analyte monitoring system 100 illustrated in FIG. 1 .

However, it will be appreciated by one of ordinary skill in the art that the analyte monitoring

system 100 may include more than one sensor 101 and/or more than one data processing unit

102, and/or more than one data processing terminal 105. Multiple sensors may be positioned in a

user for analyte monitoring at the same or different times. In certain embodiments, analyte

information obtained by a first sensor positioned in a user may be employed as a comparison to

analyte information obtained by a second sensor. This may be useful to confirm or validate

analyte information obtained from one or both of the sensors. Such redundancy may be useful if

analyte information is contemplated in critical therapy-related decisions. In certain

embodiments, a first sensor may be used to calibrate a second sensor.

[0120] In a multi- component environment, each component may be configured to be

uniquely identified by one or more of the other components in the system so that communication

conflict may be readily resolved between the various components within the analyte monitoring

system 100. For example, unique IDs, communication channels, and the like, may be used.

[0121] In certain embodiments, the sensor 101 is physically positioned in or on the body of a

user whose analyte level is being monitored. The sensor 101 may be configured to at least

periodically sample the analyte level of the user and convert the sampled analyte level into a

corresponding signal for transmission by the data processing unit 102. The data processing unit

102 is coupleable to the sensor 101 so that both devices are positioned in or on the user's body,

with at least a portion of the analyte sensor 101 positioned transcutaneously. The data

processing unit 102 may include a fixation element, such as an adhesive or the like, to secure it

to the user's body. A mount (not shown) attachable to the user and mateable with the data

processing unit 102 may be used. For example, a mount may include an adhesive surface. The

data processing unit 102 performs data processing functions, where such functions may include,

but are not limited to, filtering and encoding of data signals, each of which corresponds to a

sampled analyte level of the user, for transmission to the primary display device 104 via the

communication link 103. In some embodiments, the sensor 101 or the data processing unit 102

or a combined sensor/data processing unit may be wholly implantable under the skin surface of

the user.



[0122] In certain embodiments, the primary display device 104 may include an analog

interface section including an RF receiver and an antenna that is configured to communicate with

the data processing unit 102 via the communication link 103, and a data processing section for

processing the received data from the data processing unit 102 including data decoding, error

detection and correction, data clock generation, data bit recovery, etc., or any combination

thereof.

[0123] In operation, the primary display device 104 in certain embodiments is configured to

synchronize with the data processing unit 102 to uniquely identify the data processing unit 102,

based on, for example, an identification information of the data processing unit 102, and

thereafter, to periodically receive signals transmitted from the data processing unit 102

associated with the monitored analyte levels monitored by the sensor 101.

[0124] Referring again to FIG. 1, the data processing terminal 105 may include a personal

computer, a portable computer including a laptop or a handheld device (e.g., a personal digital

assistant (PDA), a telephone including a cellular phone (e.g., a multimedia and Internet-enabled

mobile phone including an iPhone®, a Blackberry®, an Android phone, or similar phone), an

mp3 player (e.g., an iPOD™, etc.), a pager, and the like), and/or a drug delivery device (e.g., an

infusion device), each of which may be configured for data communication with the display

devices via a wired or a wireless connection. Additionally, the data processing terminal 105 may

further be connected to a data network (not shown) for storing, retrieving, updating, and/or

analyzing data corresponding to the detected analyte level of the user.

[0125] The data processing terminal 105 may include a drug delivery device (e.g., an

infusion device) such as an insulin infusion pump or the like, which may be configured to

administer a drug (e.g., insulin) to the user, and which may be configured to communicate with

the primary display device 104 for receiving, among others, the measured analyte level.

Alternatively, the primary display device 104 may be configured to integrate an infusion device

therein so that the primary display device 104 is configured to administer an appropriate drug

(e.g., insulin) to users, for example, for administering and modifying basal profiles, as well as for

determining appropriate boluses for administration based on, among others, the detected analyte

levels received from the data processing unit 102. An infusion device may be an external device

or an internal device, such as a device wholly implantable in a user.



[0126] In certain embodiments, the data processing terminal 105, which may include an

infusion device, e.g., an insulin pump, may be configured to receive the analyte signals from the

data processing unit 102, and thus, incorporate the functions of the primary display device 104

including data processing for managing the user's insulin therapy and analyte monitoring. In

certain embodiments, the communication link 103, as well as one or more of the other

communication interfaces shown in FIG. 1, may use one or more wireless communication

protocols, such as, but not limited to: an RF communication protocol, an infrared communication

protocol, a Bluetooth enabled communication protocol, an 802. llx wireless communication

protocol, or an equivalent wireless communication protocol which would allow secure, wireless

communication of several units (for example, per Health Insurance Portability and

Accountability Act (HIPPA) requirements), while avoiding potential data collision and

interference.

[0127] FIG. 2 is a block diagram depicting an embodiment of a data processing unit 102 of

the analyte monitoring system shown in FIG. 1. User input and/or interface components may be

included or a data processing unit may be free of user input and/or interface components. In

certain embodiments, one or more application-specific integrated circuits (ASIC) (e.g., having

processing circuitry and non-transitory memory for storing software instructions for execution by

the processing circuitry) may be used to implement one or more functions or routines associated

with the operations of the data processing unit (and/or display device) using for example one or

more state machines and buffers.

[0128] As can be seen in the embodiment of FIG. 2, the analyte sensor 101 (FIG. 1) includes

four contacts, three of which are electrodes: a working electrode (W) 210, a reference electrode

(R) 212, and a counter electrode (C) 213, each operatively coupled to the analog interface 201 of

the data processing unit 102. This embodiment also shows an optional guard contact (G) 2 11.

Fewer or greater electrodes may be employed. For example, the counter and reference electrode

functions may be served by a single counter/reference electrode. In some cases, there may be

more than one working electrode and/or reference electrode and/or counter electrode, etc.

[0129] FIG. 3 is a block diagram of an embodiment of a receiver/monitor unit such as the

primary display device 104 of the analyte monitoring system shown in FIG. 1. The primary

display device 104 includes one or more of: a test strip interface 301, an RF receiver 302, a user



input 303, an optional temperature detection section 304, and a clock 305, each of which is

operatively coupled to a processing and storage section 307 (that can include processing circuitry

and non-transitory memory storing software instructions for execution by the processing

circuitry). The primary display device 104 also includes a power supply 306 operatively coupled

to a power conversion and monitoring section 308. Further, the power conversion and

monitoring section 308 is also coupled to the processing and storage section 307. Moreover, also

shown are a receiver serial communication section 309, and an output 310, each operatively

coupled to the processing and storage section 307. The primary display device 104 may include

user input and/or interface components or may be free of user input and/or interface components.

[0130] In certain embodiments, the test strip interface 301 includes an analyte testing portion

(e.g., a glucose level testing portion) to receive a blood (or other body fluid sample) analyte test

or information related thereto. For example, the test strip interface 301 may include a test strip

port to receive a test strip (e.g., a glucose test strip). The device may determine the analyte level

of the test strip, and optionally display (or otherwise notice) the analyte level on the output 310

of the primary display device 104. Any suitable test strip may be employed, e.g., test strips that

only require a very small amount (e.g., 3 microliters or less, e.g., 1 microliter or less, e.g., 0.5

microliters or less, e.g., 0.1 microliters or less), of applied sample to the strip in order to obtain

accurate glucose information. Glucose information obtained by an in vitro glucose testing device

may be used for a variety of purposes, computations, etc. For example, the information may be

used to calibrate sensor 101 (FIG. 1), confirm results of sensor 101 to increase the confidence

thereof (e.g., in instances in which information obtained by sensor 101 is employed in therapy

related decisions), etc.

[0131] In further embodiments, the data processing unit 102 and/or the primary display

device 104 and/or the secondary display device 106, and/or the data processing terminal/infusion

device 105 may be configured to receive the analyte value wirelessly over a communication link

from, for example, a blood glucose meter. In further embodiments, a user manipulating or using

the analyte monitoring system 100 may manually input the analyte value using, for example, a

user interface (for example, a keyboard, keypad, voice commands, and the like) incorporated in

one or more of the data processing unit 102, the primary display device 104, secondary display

device 106, or the data processing terminal/infusion device 105.



[0132] FIG. 4 schematically shows an embodiment of an analyte sensor 400 in accordance

with the embodiments of the present disclosure. This sensor embodiment includes electrodes

401, 402 and 403 on a base 404. Electrodes (and/or other features) may be applied or otherwise

processed using any suitable technology, e.g., chemical vapor deposition (CVD), physical vapor

deposition, sputtering, reactive sputtering, printing, coating, ablating (e.g., laser ablation),

painting, dip coating, etching, and the like. Materials include, but are not limited to, any one or

more of aluminum, carbon (including graphite), cobalt, copper, gallium, gold, indium, iridium,

iron, lead, magnesium, mercury (as an amalgam), nickel, niobium, osmium, palladium, platinum,

rhenium, rhodium, selenium, silicon (e.g., doped polycrystalline silicon), silver, tantalum, tin,

titanium, tungsten, uranium, vanadium, zinc, zirconium, mixtures thereof, and alloys, oxides, or

metallic compounds of these elements.

[0133] The analyte sensor 400 may be wholly implantable in a user or may be configured so

that only a portion is positioned within (internal) a user and another portion outside (external) a

user. For example, the sensor 400 may include a first portion positionable above a surface of the

skin 410, and a second portion positioned below the surface of the skin. In such embodiments,

the external portion may include contacts (connected to respective electrodes of the second

portion by traces) to connect to another device also external to the user such as a sensor control

device. While the embodiment of FIG. 4 shows three electrodes side-by-side on the same surface

of base 404, other configurations are contemplated, e.g., fewer or greater electrodes, some or all

electrodes on different surfaces of the base or present on another base, some or all electrodes

stacked together, electrodes of differing materials and dimensions, etc.

[0134] FIG. 5A shows a perspective view of an embodiment of an analyte sensor 500 having

a first portion (which in this embodiment may be characterized as a major portion) positionable

above a surface of the skin 510, and a second portion (which in this embodiment may be

characterized as a minor portion) that includes an insertion tip 530 positionable below the surface

of the skin, e.g., penetrating through the skin and into, e.g., the subcutaneous space 520, in

contact with the user's biofluid, such as interstitial fluid. Contact portions of a working electrode

5 11, a reference electrode 512, and a counter electrode 513 are positioned on the first portion of

the sensor 500 situated above the skin surface 510. A working electrode 501, a reference

electrode 502, and a counter electrode 503 are shown at the second portion of the sensor 500 and

particularly at the insertion tip 530. Traces may be provided from the electrodes at the tip 530 to



the contacts, as shown in FIG. 5A. It is to be understood that greater or fewer electrodes may be

provided on a sensor. For example, a sensor may include more than one working electrode

and/or the counter and reference electrodes may be a single counter/reference electrode, etc.

[0135] FIG. 5B shows a cross sectional view of a portion of the sensor 500 of FIG. 5A. The

electrodes 501, 509/502 and 503, of the sensor 500 as well as the substrate and the dielectric

layers are provided in a layered configuration or construction. For example, as shown in FIG.

5B, in one embodiment, the sensor 500 (such as the analyte sensor 101 of FIG. 1), includes a

substrate layer 504, and a first conducting layer 501 such as carbon, gold, etc., disposed on at

least a portion of the substrate layer 504, and which may provide the working electrode. Also

shown disposed on at least a portion of the first conducting layer 501 is a sensing region 508.

[0136] A first insulation layer 505, such as a first dielectric layer in certain embodiments, is

disposed or layered on at least a portion of the first conducting layer 501, and further, a second

conducting layer 509 may be disposed or stacked on top of at least a portion of the first

insulation layer (or dielectric layer) 505. As shown in FIG. 5B, the second conducting layer 509

in conjunction with a second conducting material 502, such as a layer of silver/silver chloride

(Ag/AgCl), may provide the reference electrode.

[0137] A second insulation layer 506, such as a second dielectric layer in certain

embodiments, may be disposed or layered on at least a portion of the second conducting layer

509. Further, a third conducting layer 503 may be disposed on at least a portion of the second

insulation layer 506 and may provide the counter electrode 503. Finally, a third insulation layer

507 may be disposed or layered on at least a portion of the third conducting layer 503. In this

manner, the sensor 500 may be layered such that at least a portion of each of the conducting

layers is separated by a respective insulation layer (for example, a dielectric layer). The

embodiments of FIGs. 5A and 5B show the layers having different lengths. In certain instances,

some or all of the layers may have the same or different lengths and/or widths.

[0138] In certain embodiments, some or all of the electrodes 501, 502, 503 may be provided

on the same side of the substrate 504 in the layered construction as described above, or

alternatively, may be provided in a co-planar manner such that two or more electrodes may be

positioned on the same plane (e.g., side-by side (e.g., parallel) or angled relative to each other)

on the substrate 504. For example, co-planar electrodes may include a suitable spacing



therebetween and/or include a dielectric material or insulation material disposed between the

conducting layers/electrodes.

[0139] Furthermore, in certain embodiments, one or more of the electrodes 501, 502, 503

may be disposed on opposing sides of the substrate 504. In such embodiments, contact pads may

be on the same or different sides of the substrate. For example, an electrode may be on a first

side and its respective contact may be on a second side, e.g., a trace connecting the electrode and

the contact may traverse through the substrate.

[0140] Embodiments of a double-sided, stacked sensor configuration which may be utilized

in connection with the present disclosure are described below with reference to FIGs. 6-8. FIG. 6

shows a cross-sectional view of a distal portion of a double-sided analyte sensor 600. Analyte

sensor 600 includes an at least generally planar insulative base substrate 601, e.g., an at least

generally planar dielectric base substrate, having a first conductive layer 602 which substantially

covers the entirety of a first surface area, e.g., the top surface area, of insulative substrate 601,

e.g., the conductive layer substantially extends the entire length of the substrate to the distal edge

and across the entire width of the substrate from side edge to side edge. A second conductive

layer 603 substantially covers the entirety of a second surface, e.g., the bottom side, of insulative

base substrate 601. However, one or both of the conductive layers may terminate proximally of

the distal edge and/or may have a width which is less than that of insulative substrate 601 where

the width ends a selected distance from the side edges of the substrate, which distance may be

equidistant or vary from each of the side edges.

[0141] One of the first or second conductive layers, e.g., first conductive layer 602, may be

configured to include the sensor's working electrode. The opposing conductive layer, here,

second conductive layer 603, may be configured to include a reference and/or counter electrode.

Where conductive layer 603 serves as either a reference or counter electrode, but not both, a third

electrode may optionally be provided either on a surface area of the proximal portion of the

sensor (not shown), on a separate substrate, or as an additional conductive layer positioned either

above or below conductive layer 602 or 603 and separated from those layers by an insulative

layer or layers. For example, in some embodiments, where analyte sensor 600 is configured to be

partially implanted, conductive layer 603 may be configured to include a reference electrode, and



a third electrode (not shown) and present only on a non-implanted proximal portion of the sensor

may be configured to include the sensor's counter electrode.

[0142] A first insulative layer 604 covers at least a portion of conductive layer 602 and a

second insulative layer 605 covers at least a portion of conductive layer 603. In one embodiment,

at least one of first insulative layer 604 and second insulative layer 605 does not extend to the

distal end of analyte sensor 600 leaving an exposed region of the conductive layer or layers.

[0143] FIG. 7 shows a cross-sectional view of a distal portion of a double-sided analyte

sensor 700 including an at least generally planar insulative base substrate 701, e.g., an at least

generally planar dielectric base substrate, having a first conductive layer 702 which substantially

covers the entirety of a first surface area, e.g., the top surface area, of insulative substrate 701,

e.g., the conductive layer substantially extends the entire length of the substrate to the distal edge

and across the entire width of the substrate from side edge to side edge. A second conductive

layer 703 substantially covers the entirety of a second surface, e.g., the bottom side, of insulative

base substrate 701. However, one or both of the conductive layers may terminate proximally of

the distal edge and/or may have a width which is less than that of insulative substrate701 where

the width ends a selected distance from the side edges of the substrate, which distance may be

equidistant or vary from each of the side edges.

[0144] In the embodiment of FIG. 7, conductive layer 702 is configured to include a working

electrode which includes a sensing region 702A disposed on at least a portion of the first

conductive layer 702 as shown and as discussed in greater detail below. While a single sensing

region 702A is shown, it should be noted that in other embodiments a plurality of spatially

separated sensing elements may be utilized.

[0145] In the embodiment of FIG. 7, conductive layer 703 is configured to include a

reference electrode which includes a secondary layer of conductive material 703A, e.g.,

Ag/AgCl, disposed over a distal portion of conductive layer 703.

[0146] A first insulative layer 704 covers a portion of conductive layer 702 and a second

insulative layer 705 covers a portion of conductive layer 703. First insulative layer 704 does not

extend to the distal end of analyte sensor 700 leaving an exposed region of the conductive layer

where the sensing region 702A is positioned. The insulative layer 705 on the bottom/reference

electrode side of the sensor, may extend any suitable length of the sensor's distal section, e.g., it



may extend the entire length of both of the primary and secondary conductive layers or portions

thereof. For example, as illustrated in FIG. 7, bottom insulative layer 705 extends over the entire

bottom surface area of secondary conductive material 703A but terminates proximally of the

distal end of the length of the conductive layer 703. It is noted that at least the ends of the

secondary conductive material 703A which extend along the side edges of the substrate 701 are

not covered by insulative layer 705 and, as such, are exposed to the environment when in

operative use.

[0147] In an alternative embodiment, as shown in FIG. 8, analyte sensor 800 has an

insulative layer 804 on the working electrode side of an insulative base substrate 801, which may

be provided prior to sensing region 802A whereby the insulative layer 804 has at least two

portions spaced apart from each other on conductive layer 802. The sensing region 802A is then

provided in the spacing between the two portions. More than two spaced apart portions may be

provided, e.g., where a plurality of sensing components or layers is desired. Bottom insulative

layer 805 has a length which terminates proximally of secondary conductive layer 803A on

bottom primary conductive layer 803. Additional conducting and dielectric layers may be

provided on either or both sides of the sensors, as described above.

[0148] While FIGs. 6-8 depict or are discussed herein as capable of providing the working

and reference electrodes in a particular layered configuration, it should be noted that the relative

positioning of these layers may be modified. For example, a counter electrode layer may be

provided on one side of an insulative base substrate while working and reference electrode layers

are provided in a stacked configuration on the opposite side of the insulative base substrate. In

addition, a different number of electrodes may be provided than depicted in FIGs. 6-8 by

adjusting the number of conductive and insulative layers. For example, a 3 or four electrode

sensor may be provided.

[0149] One or more membranes, which may function as one or more of an analyte flux

modulating layer and/or an interferent-eliminating layer and/or biocompatible layer, discussed in

greater detail below, may be included with, on or about the sensor, e.g., as one or more of the

outermost layer(s). Those of ordinary skill in the art will readily recognize that the membrane

can take many forms. The membrane can include just one component, or multiple components.

The membrane can have a globular shape, such as if encompassing a terminal region of the



sensor (e.g., the lateral sides and terminal tip). The membrane can have a generally planar

structure, and can be characterized as a layer. Planar membranes can be smooth or can have

minor surface (topological) variations. The membrane can also be configured as other non-

planar structures. For example, the membrane can have a cylindrical shape or a partially

cylindrical shape, a hemispherical shape or other partially spherical shape, an irregular shape, or

other rounded or curved shape.

[0150] In certain embodiments, as illustrated in FIG. 7, a first membrane layer 706 may be

provided solely over the sensing region 702A on the working electrode 702 to modulate the rate

of diffusion or flux of the analyte to the sensing region. For embodiments in which a membrane

layer is provided over a single component/material, it may be suitable to do so with the same

striping configuration and method as used for the other materials/components. Here, the

membrane material 706 preferably has a width greater than that of sensing component 702A. As

it acts to limit the flux of the analyte to the sensor's active area, and thus contributes to the

sensitivity of the sensor, controlling the thickness of membrane 706 is important. Providing

membrane 706 in the form of a stripe/band facilitates control of its thickness. A second

membrane layer 707, which coats the remaining surface area of the sensor tail, may also be

provided to serve as a biocompatible conformal coating and provide smooth edges over the

entirety of the sensor. In other sensor embodiments, as illustrated in FIG. 8, a single,

homogenous membrane 806 may be coated over the entire sensor surface area, or at least over

both sides of the distal tail portion. It is noted that to coat the distal and side edges of the sensor,

the membrane material may have to be applied subsequent to singulation of the sensor

precursors. In some embodiments, the analyte sensor is dip-coated following singulation to apply

one or more membranes. Alternatively, the analyte sensor could be slot-die coated wherein each

side of the analyte sensor is coated separately.

[0151] FIG. 9 shows a cross-sectional view of a distal portion of an example double-sided

analyte sensor 900 according to one embodiment of the present disclosure, wherein the double-

sided analyte sensor includes an at least generally planar insulative base substrate 901, e.g., an at

least generally planar dielectric base substrate, having a first conductive layer 902. A second

conductive layer 903 is positioned on a first side, e.g., the bottom side, of insulative base

substrate 901. While depicted as extending to the distal edge of the sensor, one or both of the

conductive layers may terminate proximally of the distal edge and/or may have a width which is



less than that of insulative substrate 901 where the width ends a selected distance from the side

edges of the substrate, which distance may be equidistant or vary from each of the side edges.

See, for example, the analyte sensor assembly 900, discussed in more detail below, wherein first

and second conductive layers are provided which define electrodes, including, e.g., electrode

traces, which have widths which are less than that of the insulative base substrate.

[0152] In the embodiment of FIG. 9, conductive layer 903 is configured to include a working

electrode which includes a sensing region 908 disposed on at least a portion of the conductive

layer 903, which sensing region is discussed in greater detail below. It should be noted that a

plurality of spatially separated sensing components or layers may be utilized in forming the

working electrode, e.g., one or more sensing "dots" or areas may be provided on the conductive

layer 903, as shown herein, or a single sensing component may be used (not shown).

[0153] In the embodiment of FIG. 9, conductive layer 906 is configured to include a

reference electrode which includes a secondary layer of conductive material 906A, e.g.,

Ag/AgCl, disposed on a distal portion of conductive layer 906. Like conductive layers 902 and

903, conductive layer 906 may terminate proximally of the distal edge and/or may have a width

which is less than that of insulative substrate 901 where the width ends a selected distance from

the side edges of the substrate, which distance may be equidistant or vary from each of the side

edges, as discussed in greater detail below in reference to FIGs. 1OA- IOC .

[0154] In the embodiment shown in FIG. 9, conductive layer 902 is configured to include a

counter electrode. A first insulative layer 904 covers a portion of conductive layer 902 and a

second insulative layer 905 covers a portion of conductive layer 903. First insulative layer 904

does not extend to the distal end of analyte sensor 900 leaving an exposed region of the

conductive layer 902 which acts as the counter electrode. An insulative layer 905 covers a

portion of conductive layer 903 leaving an exposed region of the conductive layer 903 where the

sensing region 908 is positioned. As discussed above, multiple spatially separated sensing

components or layers may be provided (as shown) in some embodiments, while in other

embodiments a single sensing region may be provided. The insulative layer 907 on a first side,

e.g., the bottom side of the sensor (in the view provided by FIG. 9), may extend any suitable

length of the sensor's distal section, e.g., it may extend the entire length of both of conductive

layers 906 and 906A or portions thereof. For example, as illustrated in FIG. 9, bottom insulative



layer 907 extends over the entire bottom surface area of secondary conductive material 906A and

terminates distally of the distal end of the length of the conductive layer 906. It is noted that at

least the ends of the secondary conductive material 906A which extend along the side edges of

the substrate 901 are not covered by insulative layer 907 and, as such, are exposed to the

environment when in operative use.

[0155] As illustrated in FIG. 9, a homogenous membrane 909 may be coated over the entire

sensor surface area, or at least over both sides of the distal tail portion. It is noted that to coat the

distal and side edges of the sensor, the membrane material may have to be applied subsequent to

singulation of the sensor precursors. In some embodiments, the analyte sensor is dip-coated

following singulation to apply one or more membranes (or to apply one membrane in various

stages). Alternatively, the analyte sensor could be slot-die coated wherein each side of the

analyte sensor is coated separately. Membrane 909 is shown in FIG. 9 as having a squared shape

matching the underlying surface variations, but can have a more globular or amorphous shape as

well.

[0156] When manufacturing layered sensors, it may be desirable to utilize relatively thin

insulative layers to reduce total sensor width. For example, with reference to FIG. 9, insulative

layers 904, 905 and 907 may be relatively thin relative to insulative substrate layer 901. For

example, insulative layers 904, 905 and 907 may have a thickness in the range of 20-25 µ while

substrate layer 901 has a thickness in the range of 0 .1 to 0 .15mm. However, during singulation of

the sensors where such singulation is accomplished by cutting through two or more conductive

layers which are separated by such thin insulative layers, shorting between the two conductive

layers may occur.

[0157] One method of addressing this potential issue is to provide one of the conductive

layers, e.g., electrodes layers, at least in part as a relatively narrow electrode, including, e.g., a

relatively narrow conductive trace, such that during the singulation process the sensor is cut on

either side of the narrow electrode such that one electrode is cut without cutting through the

narrow electrode.

[0158] For example, with reference to FIGs. lOA-lOC, a sensor 1000 is depicted which

includes insulative layers 1003 and 1005. Insulative layers 1003 and 1005 may be thin relative to

generally planar insulative base substrate layer 1001, or vice versa. For example, insulative



layers 1003 and 1005 may have a thickness in the range of 15-30µ while substrate layer 1001

has a thickness in the range of 0.1 to 0.15mm. Such sensors may be manufactured in sheets

wherein a single sheet includes a plurality of sensors. However, such a process generally requires

singulation of the sensors prior to use. Where such singulation requires cutting through two or

more conductive layers which are separated by insulative layers, shorting between the two

conductive layers may occur, particularly if the insulative layers are thin. In order to avoid such

shorting, fewer than all of the conductive layers may be cut through during the singulation

process. For example, at least one of the conductive layers may be provided at least in part as an

electrode, e.g., including a conductive trace, having a narrow width relative to one or more other

conductive layers such that during the singulation process a first conductive layer separated from

a second conductive layer only by a thin insulative layer, e.g., an insulative layer having a

thickness in the range of 15-30 µηι, is cut while a second conductive layer is not.

[0159] For example, with reference to FIGs. 10A and IOC, a sensor 1000 includes an at least

generally planar insulative base substrate 1001. Positioned on the at least generally planar

insulative base substrate 1001 is a first conductive layer 1002. A first relatively thin insulative

layer 1003, e.g., an insulative layer having a thickness in the range of 15-30 µηι, is positioned on

the first conductive layer 1002 and second conductive layer 1004 is positioned on the relatively

thin insulative layer 1003. Finally, a second relatively thin insulative layer 1005, e.g., an

insulative layer having a thickness in the range of 15-30 µηι, is positioned on the second

conductive layer 1004.

[0160] As shown in FIG. 10B, first conductive layer 1002 may be an electrode having a

narrow width relative to conductive layer 1004 as shown in the FIG. 10B cross-section taken at

lines A-A . Alternatively, second conductive layer 1004 may be a conductive electrode having a

narrow width relative to conductive layer 1002 as shown in the FIG. 1C cross-section taken at

lines A-A . Singulation cut lines 1006 are shown in FIGs. 10B and IOC. The sensor may be

singulated, for example, by cutting to either side of the relatively narrow conductive electrode,

e.g., in regions 1007, as shown in FIGs 10B and IOC. With reference to FIG. 10B, singulation by

cutting along singulation cut lines 1006 results in cutting through conductive layer 1004 but not

conductive layer 1002. With reference to FIG. IOC, singulation by cutting along singulation cut

lines 1006 results in cutting through conductive layer 1002 but not conductive layer 1004.



[0161] An embodiment of a sensing region may be described as the area shown

schematically in FIG. 5B as 508 and FIG. 9 as 908. As noted above the sensing region may be

provided as a single sensing component as shown in FIG. 5B as 508, FIG. 7 as 702A and FIG. 8

as 802A, or provided as a plurality of sensing components as shown in FIG. 9 as 908. A

plurality of sensing components or sensing "spots" is described in US Patent Application

Publication No. 2012/0150005, incorporated by reference herein in its entirety.

[0162] The term "sensing region" is a broad term and may be described as the active

chemical area of the biosensor. Those of ordinary skill in the art will readily recognize that the

sensing region can take many forms. The sensing region can include just one component, or

multiple components (e.g., such as sensing region 908 of FIG. 9). In the embodiment of FIG.

5B, for example, the sensing region is a generally planar structure, and can be characterized as a

layer. Planar sensing regions can be smooth or can have minor surface (topological) variations.

The sensing region can also be a non-planar structure. For example, the sensing region can have

a cylindrical shape or a partially cylindrical shape, a hemispherical shape or other partially

spherical shape, an irregular shape, or other rounded or curved shape.

[0163] The sensing region formulation, which can include a glucose-transducing agent, may

include, for example, among other constituents, a redox mediator, such as, for example, a

hydrogen peroxide or a transition metal complex, such as a ruthenium-containing complex or an

osmium-containing complex, and an analyte-responsive enzyme, such as, for example, a

glucose-responsive enzyme (e.g., glucose oxidase, glucose dehydrogenase, etc.) or lactate-

responsive enzyme (e.g., lactate oxidase). In certain embodiments, the sensing region includes

glucose oxidase. The sensing region may also include other optional components, such as, for

example, a polymer and a bi-functional, short-chain, epoxide cross-linker, such as polyethylene

glycol (PEG).

[0164] In certain instances, the analyte-responsive enzyme is distributed throughout the

sensing region. For example, the analyte-responsive enzyme may be distributed uniformly

throughout the sensing region, such that the concentration of the analyte-responsive enzyme is

substantially the same throughout the sensing region. In some cases, the sensing region may have

a homogeneous distribution of the analyte-responsive enzyme. In certain embodiments, the redox

mediator is distributed throughout the sensing region. For example, the redox mediator may be



distributed uniformly throughout the sensing region, such that the concentration of the redox

mediator is substantially the same throughout the sensing region. In some cases, the sensing

region may have a homogeneous distribution of the redox mediator. In certain embodiments,

both the analyte-responsive enzyme and the redox mediator are distributed uniformly throughout

the sensing region, as described above.

[0165] As noted above, analyte sensors may include an analyte-responsive enzyme to

provide a sensing component or sensing region. Some analytes, such as oxygen, can be directly

electrooxidized or electroreduced on a sensor, and more specifically at least on a working

electrode of a sensor. Other analytes, such as glucose and lactate, require the presence of at least

one electron transfer agent and/or at least one catalyst to facilitate the electrooxidation or

electroreduction of the analyte. Catalysts may also be used for those analytes, such as oxygen,

that can be directly electrooxidized or electroreduced on the working electrode. For these

analytes, each working electrode includes a sensing region (see for example sensing region 508

of FIG. 5B) proximate to or on a surface of a working electrode. In many embodiments, a

sensing region is formed near or on only a small portion of at least a working electrode.

[0166] The sensing region can include one or more components constructed to facilitate the

electrochemical oxidation or reduction of the analyte. The sensing region may include, for

example, a catalyst to catalyze a reaction of the analyte and produce a response at the working

electrode, an electron transfer agent to transfer electrons between the analyte and the working

electrode (or other component), or both.

[0167] A variety of different sensing region configurations may be used. The sensing region

is often located in contact with or in proximity to an electrode, such as the working electrode. In

certain embodiments, the sensing region is deposited on the conductive material of the working

electrode. The sensing region may extend beyond the conductive material of the working

electrode. In some cases, the sensing region may also extend over other electrodes, e.g., over the

counter electrode and/or reference electrode (or if a counter/reference is provided).

[0168] A sensing region that is in direct contact with the working electrode may contain an

electron transfer agent to transfer electrons directly or indirectly between the analyte and the

working electrode, and/or a catalyst to facilitate a reaction of the analyte. For example, a glucose,

lactate, or oxygen electrode may be formed having a sensing region which contains a catalyst,



including glucose oxidase, glucose dehydrogenase, lactate oxidase, or laccase, respectively, and

an electron transfer agent that facilitates the electrooxidation of the glucose, lactate, or oxygen,

respectively.

[0169] In other embodiments, the sensing region is not deposited directly on the working

electrode. Instead, the sensing region 508 (FIG. 5), for example, may be spaced apart from the

working electrode, and separated from the working electrode, e.g., by a separation layer. A

separation layer may include one or more membranes or films or a physical distance. In addition

to separating the working electrode from the sensing region, the separation layer may also act as

a mass transport limiting layer and/or an interferent eliminating layer and/or a biocompatible

layer.

[0170] In certain embodiments which include more than one working electrode, one or more

of the working electrodes may not have a corresponding sensing region, or may have a sensing

region which does not contain one or more components (e.g., an electron transfer agent and/or

catalyst) needed to electrolyze the analyte. Thus, the signal at this working electrode may

correspond to background signal which may be removed from the analyte signal obtained from

one or more other working electrodes that are associated with fully-functional sensing regions

by, for example, subtracting the signal.

[0171] In certain embodiments, the sensing region includes one or more electron transfer

agents. Electron transfer agents that may be employed are electroreducible and electrooxidizable

ions or molecules having redox potentials that are a few hundred millivolts above or below the

redox potential of the standard calomel electrode (SCE). The electron transfer agent may be

organic, organometallic, or inorganic. Examples of organic redox species are quinones and

species that in their oxidized state have quinoid structures, such as Nile blue and indophenol.

Examples of organometallic redox species are metallocenes including ferrocene. Examples of

inorganic redox species are hexacyanoferrate (III), ruthenium hexamine, etc. Additional

examples include those described in U.S. Patent Nos. 6,736,957, 7,501,053 and 7,754,093, the

disclosures of each of which are incorporated herein by reference in their entirety.

[0172] In certain embodiments, electron transfer agents have structures or charges which

prevent or substantially reduce the diffusional loss of the electron transfer agent during the

period of time that the sample is being analyzed. For example, electron transfer agents include



but are not limited to a redox species, e.g., bound to a polymer which can in turn be disposed on

or near the working electrode. The bond between the redox species and the polymer may be

covalent, coordinative, or ionic. Although any organic, organometallic or inorganic redox species

may be bound to a polymer and used as an electron transfer agent, in certain embodiments the

redox species is a transition metal compound or complex, e.g., osmium, ruthenium, iron, and

cobalt compounds or complexes. It will be recognized that many redox species described for use

with a polymeric component may also be used, without a polymeric component.

[0173] Embodiments of polymeric electron transfer agents may contain a redox species

covalently bound in a polymeric composition. An example of this type of mediator is

poly(vinylferrocene). Another type of electron transfer agent contains an ionically-bound redox

species. This type of mediator may include a charged polymer coupled to an oppositely charged

redox species. Examples of this type of mediator include a negatively charged polymer coupled

to a positively charged redox species such as an osmium or ruthenium polypyridyl cation.

Another example of an ionically-bound mediator is a positively charged polymer including

quaternized poly(4-vinyl pyridine) or poly(l -vinyl imidazole) coupled to a negatively charged

redox species such as ferricyanide or ferrocyanide. In other embodiments, electron transfer

agents include a redox species coordinatively bound to a polymer. For example, the mediator

may be formed by coordination of an osmium or cobalt 2,2'-bipyridyl complex to poly ( 1-vinyl

imidazole) or poly(4-vinyl pyridine).

[0174] Suitable electron transfer agents are osmium transition metal complexes with one or

more ligands, each ligand having a nitrogen-containing heterocycle such as 2,2'-bipyridine, 1,10-

phenanthroline, 1-methyl, 2-pyridyl biimidazole, or derivatives thereof. The electron transfer

agents may also have one or more ligands covalently bound in a polymer, each ligand having at

least one nitrogen-containing heterocycle, such as pyridine, imidazole, or derivatives thereof.

One example of an electron transfer agent includes (a) a polymer or copolymer having pyridine

or imidazole functional groups and (b) osmium cations complexed with two ligands, each ligand

containing 2,2'-bipyridine, 1,10-phenanthroline, or derivatives thereof, the two ligands not

necessarily being the same. Some derivatives of 2,2' -bipyridine for complexation with the

osmium cation include but are not limited to 4,4' -dimethy1-2,2' -bipyridine and mono-, di-, and

polyalkoxy-2,2' -bipyridines, including 4,4' -dimethoxy-2,2' -bipyridine. Derivatives of 1,10-

phenanthroline for complexation with the osmium cation include but are not limited to 4,7-



dimethyl- 1,10-phenanthroline and mono, di-, and polyalkoxy-l,10-phenanthrolines, such as 4,7-

dimethoxy- 1,10-phenanthroline. Polymers for complexation with the osmium cation include but

are not limited to polymers and copolymers of poly ( 1-vinyl imidazole) (referred to as "PVI") and

poly(4-vinyl pyridine) (referred to as "PVP"). Suitable copolymer substituents of poly(l -vinyl

imidazole) include acrylonitrile, acrylamide, and substituted or quaternized N-vinyl imidazole,

e.g., electron transfer agents with osmium complexed to a polymer or copolymer of poly(l-vinyl

imidazole).

[0175] Embodiments may employ electron transfer agents having a redox potential ranging

from about -200 mV to about +200 mV versus the standard calomel electrode (SCE). The

sensing region may also include a catalyst which is capable of catalyzing a reaction of the

analyte. The catalyst may also, in some embodiments, act as an electron transfer agent. One

example of a suitable catalyst is an enzyme which catalyzes a reaction of the analyte. For

example, a catalyst, including a glucose oxidase, glucose dehydrogenase (e.g., pyrroloquinoline

quinone (PQQ), dependent glucose dehydrogenase, flavine adenine dinucleotide (FAD)

dependent glucose dehydrogenase, or nicotinamide adenine dinucleotide (NAD) dependent

glucose dehydrogenase), may be used when the analyte of interest is glucose. A lactate oxidase

or lactate dehydrogenase may be used when the analyte of interest is lactate. Laccase may be

used when the analyte of interest is oxygen or when oxygen is generated or consumed in

response to a reaction of the analyte.

[0176] In certain embodiments, a catalyst may be attached to a polymer, cross linking the

catalyst with another electron transfer agent, which, as described above, may be polymeric. A

second catalyst may also be used in certain embodiments. This second catalyst may be used to

catalyze a reaction of a product compound resulting from the catalyzed reaction of the analyte.

The second catalyst may operate with an electron transfer agent to electrolyze the product

compound to generate a signal at the working electrode. Alternatively, a second catalyst may be

provided in an interferent-eliminating layer to catalyze reactions that remove interferents.

[0177] In certain embodiments, the sensor operates at a low oxidizing potential, e.g., a

potential of about +40 mV vs. Ag/AgCl. This sensing region uses, for example, an osmium (Os)-

based mediator constructed for low potential operation. Accordingly, in certain embodiments the

sensing element is a redox active component that includes (1) osmium-based mediator molecules



that include (bidente) ligands, and (2) glucose oxidase enzyme molecules. These two constituents

are combined together in the sensing region of the sensor.

[0178] A mass transport limiting layer (not shown), e.g., an analyte flux modulating layer,

may be included with the sensor to act as a diffusion-limiting barrier to reduce the rate of mass

transport of the analyte, for example, glucose or lactate, into the region around the working

electrodes. The mass transport limiting layers are useful in limiting the flux of an analyte to a

working electrode in an electrochemical sensor so that the sensor is linearly responsive over a

large range of analyte concentrations and is easily calibrated. Mass transport limiting layers may

include polymers and may be biocompatible. A mass transport limiting layer may provide many

functions, e.g., biocompatibility and/or interferent-eliminating functions, etc.

[0179] In certain embodiments, a mass transport limiting layer is a membrane composed of

crosslinked polymers containing heterocyclic nitrogen groups, such as polymers of

polyvinylpyridine and polyvinylimidazole. Embodiments also include membranes that are made

of a polyurethane, or polyether urethane, or chemically related material, or membranes that are

made of silicone, and the like.

[0180] A membrane may be formed by crosslinking in situ a polymer, modified with a

zwitterionic moiety, a non-pyridine copolymer component, and optionally another moiety that is

either hydrophilic or hydrophobic, and/or has other desirable properties, in an alcohol-buffer

solution. The modified polymer may be made from a precursor polymer containing heterocyclic

nitrogen groups. For example, a precursor polymer may be polyvinylpyridine or

polyvinylimidazole. Optionally, hydrophilic or hydrophobic modifiers may be used to "fine-

tune" the permeability of the resulting membrane to an analyte of interest. Optional hydrophilic

modifiers, such as poly(ethylene glycol), hydroxyl or polyhydroxyl modifiers, may be used to

enhance the biocompatibility of the polymer or the resulting membrane.

[0181] A membrane may be formed in situ by applying an alcohol-buffer solution of a

crosslinker and a modified polymer over an enzyme-containing sensing region and allowing the

solution to cure for about one to two days or other appropriate time period. The crosslinker-

polymer solution may be applied to the sensing region by placing a droplet or droplets of the

membrane solution on the sensor, by dipping the sensor into the membrane solution, by spraying

the membrane solution on the sensor, and the like. Generally, the thickness of the membrane is



controlled by the concentration of the membrane solution, by the number of droplets of the

membrane solution applied, by the number of times the sensor is dipped in the membrane

solution, by the volume of membrane solution sprayed on the sensor, or by any combination of

these factors. A membrane applied in this manner may have any combination of the following

functions: (1) mass transport limitation, e.g., reduction of the flux of analyte that can reach the

sensing region, (2) biocompatibility enhancement, or (3) interferent reduction.

[0182] In some instances, the membrane may form one or more bonds with the sensing

region. By bonds is meant any type of an interaction between atoms or molecules that allows

chemical compounds to form associations with each other, such as, but not limited to, covalent

bonds, ionic bonds, dipole-dipole interactions, hydrogen bonds, London dispersion forces, and

the like. For example, in situ polymerization of the membrane can form crosslinks between the

polymers of the membrane and the polymers in the sensing region. In certain embodiments,

crosslinking of the membrane to the sensing region facilitates a reduction in the occurrence of

delamination of the membrane from the sensing region.

[0183] In certain embodiments, the sensing system detects hydrogen peroxide to infer

glucose levels. For example, a hydrogen peroxide-detecting sensor may be constructed in which

a sensing region includes enzyme such as glucose oxides, glucose dehydrogenase, or the like,

and is positioned proximate to the working electrode. The sensing region may be covered by one

or more layers, e.g., a membrane that is selectively permeable to glucose. Once the glucose

passes through the membrane, it is oxidized by the enzyme and reduced glucose oxidase can then

be oxidized by reacting with molecular oxygen to produce hydrogen peroxide.

[0184] Certain embodiments include a hydrogen peroxide-detecting sensor constructed from

a sensing region prepared by combining together, for example: (1) a redox mediator having a

transition metal complex including an Os polypyridyl complex with oxidation potentials of about

+200 mV vs. SCE, and (2) periodate oxidized horseradish peroxidase (HRP). Such a sensor

functions in a reductive mode; the working electrode is controlled at a potential negative to that

of the Os complex, resulting in mediated reduction of hydrogen peroxide through the HRP

catalyst.

[0185] In another example, a potentiometric sensor can be constructed as follows. A

glucose-sensing region is constructed by combining together (1) a redox mediator having a



transition metal complex including Os polypyridyl complexes with oxidation potentials from

about -200 mV to +200 mV vs. SCE, and (2) glucose oxidase. This sensor can then be used in a

potentiometric mode, by exposing the sensor to a glucose containing solution, under conditions

of zero current flow, and allowing the ratio of reduced/oxidized Os to reach an equilibrium

value. The reduced/oxidized Os ratio varies in a reproducible way with the glucose

concentration, and will cause the electrode's potential to vary in a similar way.

[0186] The substrate may be formed using a variety of non-conducting materials, including,

for example, polymeric or plastic materials and ceramic materials. Suitable materials for a

particular sensor may be determined, at least in part, based on the desired use of the sensor and

properties of the materials.

[0187] In some embodiments, the substrate is flexible. For example, if the sensor is

configured for implantation into a user, then the sensor may be made flexible (although rigid

sensors may also be used for implantable sensors) to reduce pain to the user and damage to the

tissue caused by the implantation of and/or the wearing of the sensor. A flexible substrate often

increases the user's comfort and allows a wider range of activities. Suitable materials for a

flexible substrate include, for example, non-conducting plastic or polymeric materials and other

non-conducting, flexible, deformable materials. Examples of useful plastic or polymeric

materials include thermoplastics such as polycarbonates, polyesters (e.g., Mylar™ and

polyethylene terephthalate (PET)), polyvinyl chloride (PVC), polyurethanes, polyethers,

polyamides, polyimides, or copolymers of these thermoplastics, such as PETG (glycol-modified

polyethylene terephthalate).

[0188] In other embodiments, the sensors are made using a relatively rigid substrate to, for

example, provide structural support against bending or breaking. Examples of rigid materials that

may be used as the substrate include poorly conducting ceramics, such as aluminum oxide and

silicon dioxide. An implantable sensor having a rigid substrate may have a sharp point and/or a

sharp edge to aid in implantation of a sensor without an additional insertion device.

[01 89] It will be appreciated that for many sensors and sensor applications, both rigid and

flexible sensors will operate adequately. The flexibility of the sensor may also be controlled and

varied along a continuum by changing, for example, the composition and/or thickness of the

substrate.



[0190] In addition to considerations regarding flexibility, it is often desirable that

implantable sensors should have a substrate which is physiologically harmless, for example, a

substrate approved by a regulatory agency or private institution for in vivo use.

[0191] The sensor may include optional features to facilitate insertion of an implantable

sensor. For example, the sensor may be pointed at the tip to ease insertion. In addition, the sensor

may include a barb which assists in anchoring the sensor within the tissue of the user during

operation of the sensor. However, the barb is typically small enough so that little damage is

caused to the subcutaneous tissue when the sensor is removed for replacement.

[0192] An implantable sensor may also, optionally, have an anticlotting agent disposed on a

portion of the substrate which is implanted into a user. This anticlotting agent may reduce or

eliminate the clotting of blood or other body fluid around the sensor, particularly after insertion

of the sensor. Blood clots may foul the sensor or irreproducibly reduce the amount of analyte

which diffuses into the sensor. Examples of useful anticlotting agents include heparin and tissue

plasminogen activator (TPA), as well as other known anticlotting agents.

[0193] The anticlotting agent may be applied to at least a portion of that part of the sensor

that is to be implanted. The anticlotting agent may be applied, for example, by bath, spraying,

brushing, or dipping, etc. The anticlotting agent is allowed to dry on the sensor. The anticlotting

agent may be immobilized on the surface of the sensor or it may be allowed to diffuse away from

the sensor surface. The quantities of anticlotting agent disposed on the sensor may be below the

amounts typically used for treatment of medical conditions involving blood clots and, therefore,

have only a limited, localized effect.

[0194] FIG. 11 shows an example in vivo-based analyte monitoring system 1100 in

accordance with certain embodiments of the present disclosure. As shown, analyte monitoring

system 1100 includes on body electronics 1110 electrically coupled to in vivo analyte sensor

1101 (a proximal portion of which is shown in FIG. 11) and attached to adhesive layer 1140 for

attachment on a skin surface on the body of a user. On body electronics 1110 includes on body

housing 1119 that defines an interior compartment. Also shown in FIG. 11 is insertion device

1150 that, when operated, transcutaneously positions a portion of analyte sensor 1101 through a

skin surface and in fluid contact with bodily fluid, and positions on body electronics 1110 and

adhesive layer 1140 on a skin surface. In certain embodiments, on body electronics 1110,



analyte sensor 1101 and adhesive layer 1140 are sealed within the housing of insertion device

1150 before use, and in certain embodiments, adhesive layer 1140 is also sealed within the

housing or itself provides a terminal seal of the insertion device 1150.

[0195] Referring back to the FIG. 11, analyte monitoring system 1100 includes display

device 1120 which includes a display 1122 to output information to the user, an input component

1121 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 1120 or otherwise

control the operation of display device 1120. It is noted that some embodiments may include

display-less devices or devices without any user interface components. 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 example purposes which are in no way intended to

limit the embodiments of the present disclosure. It will be apparent that display-less devices may

also be used in certain embodiments.

[0196] In certain embodiments, on body electronics 1110 may be configured to store some or

all of the monitored analyte related data received from analyte sensor 1101 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 1110 at the conclusion of the

monitoring time period, for example, after removing analyte sensor 1101 from the user by

detaching on body electronics 1110 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 1120 during the monitoring period or otherwise transmitted

from on body electronics 1 1 10, but rather, retrieved from on body electronics 1110 after the

monitoring time period.

[0197] In certain embodiments, input component 1121 of display device 1120 may include a

microphone and display device 1120 may include software configured to analyze audio input

received from the microphone, such that functions and operation of the display device 1120 may

be controlled by voice commands. In certain embodiments, an output component of display

device 1120 includes a speaker for outputting information as audible signals. Similar voice



responsive components such as a speaker, microphone and software routines to generate, process

and store voice driven signals may be provided to on body electronics 1 1 10.

[0198] In certain embodiments, display 1122 and input component 1121 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 1120 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 multiple fingers or instruments away from one

another, etc. In certain embodiments, a display includes a touch screen having areas of pixels

with single or dual function capacitive elements that serve as LCD elements and touch sensors.

[0199] Display device 1120 also includes data communication port 1123 for wired data

communication with external devices such as remote terminal (personal computer) 1170, for

example. Example embodiments of the data communication port 1123 include USB port, mini

USB port, RS-232 port, Ethernet port, Firewire port, or other similar data communication ports

configured to connect to the compatible data cables. Display device 1120 may also include an

integrated in vitro glucose meter, including in vitro test strip port 1124 to receive an in vitro

glucose test strip for performing in vitro blood glucose measurements.

[0200] Referring still to FIG. 11, display 1122 in certain embodiments is configured to

display a variety of information - some or all of which may be displayed at the same or different

time on display 1122. In certain embodiments, the displayed information is user-selectable so

that a user can customize the information shown on a given display screen. Display 1122 may

include but is not limited to graphical display 1138, for example, providing a graphical output of

glucose values over a monitored time period (which may show important markers such as meals,

exercise, sleep, heart rate, blood pressure, etc.), numerical display 1132, for example, providing

monitored glucose values (acquired or received in response to the request for the information),

and trend or directional arrow display 1131 that indicates a rate of analyte change and/or a rate of

the rate of analyte change.

[0201] As further shown in FIG. 11, display 1122 may also include date display 1135

providing for example, date information for the user, time of day information display 1139



providing time of day information to the user, battery level indicator display 1133 which

graphically shows the condition of the battery (rechargeable or disposable) of the display device

1120, sensor calibration status icon display 1134 for example, in monitoring systems that require

periodic, routine or a predetermined number of user calibration events, notifying the user that the

analyte sensor calibration is necessary, audio/vibratory settings icon display 1136 for displaying

the status of the audio/vibratory output or alarm state, and wireless connectivity status icon

display 1137 that provides indication of wireless communication connection with other devices

such as on body electronics, data processing module 1160, and/or remote terminal 1170. As

additionally shown in FIG. 11, display 1122 may further include simulated touch screen buttons

1140, 1141 for accessing menus, changing display graph output configurations or otherwise for

controlling the operation of display device 1120.

[0202] Referring back to FIG. 11, in certain embodiments, display 1122 of display device

1120 may be additionally, or instead of visual display, configured to output alarms notifications

such as alarm and/or alert notifications, glucose values etc., which may be audible, tactile, or any

combination thereof. In one aspect, the display device 1120 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 1122.

[0203] After the positioning of on body electronics 1110 on the skin surface and analyte

sensor 1101 in vivo to establish fluid contact with interstitial fluid (or other appropriate bodily

fluid), on body electronics 1110 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 analyte related data) when on body

electronics 1110 receives a command or request signal from display device 1120. In certain

embodiments, on body electronics 1110 may be configured to at least periodically broadcast real

time data associated with monitored analyte level which is received by display device 1120 when

display device 1120 is within communication range of the data broadcast from on body

electronics 1110, e.g., it does not need a command or request from a display device to send

information.



[0204] For example, display device 1120 may be configured to transmit one or more

commands to on body electronics 1110 to initiate data transfer, and in response, on body

electronics 1110 may be configured to wirelessly transmit stored analyte related data collected

during the monitoring time period to display device 1120. Display device 1120 may in turn be

connected to a remote terminal 1170 such as a personal computer and functions as a data conduit

to transfer the stored analyte level information from the on body electronics 1110 to remote

terminal 1170. In certain embodiments, the received data from the on body electronics 1 1 10

may be stored (permanently or temporarily) in one or more memory of the display device 1120.

In certain other embodiments, display device 1120 is configured as a data conduit to pass the

data received from on body electronics 1110 to remote terminal 1170 that is connected to display

device 1120.

[0205] Referring still to FIG. 11, also shown in analyte monitoring system 1100 are data

processing module 1160 and remote terminal 1170. Remote terminal 1170 may include a

personal computer, a server terminal a laptop computer or other suitable data processing devices

including software for data management and analysis and communication with the components

in the analyte monitoring system 1100. For example, remote terminal 1170 may be connected to

a local area network (LAN), a wide area network (WAN), or other data network for un i

directional or bi-directional data communication between remote terminal 1170 and display

device 1120 and/or data processing module 1160.

[0206] Remote terminal 1170 in certain embodiments may include one or more computer

terminals located at a physician's office or a hospital. For example, remote terminal 1170 may be

located at a location other than the location of display device 1120. Remote terminal 1170 and

display device 1120 could be in different rooms or different buildings. Remote terminal 1170

and display device 1120 could be at least about one mile apart, e.g., at least about 10 miles apart,

e.g., at least about 1100 miles apart. For example, remote terminal 1170 could be in the same city

as display device 1120, remote terminal 1170 could be in a different city than display device

1120, remote terminal 1170 could be in the same state as display device 1120, remote terminal

1170 could be in a different state than display device 1120, remote terminal 1170 could be in the

same country as display device 1120, or remote terminal 1170 could be in a different country

than display device 1120, for example.



[0207] In certain embodiments, a separate, optional data communication/processing device

such as data processing module 1160 may be provided in analyte monitoring system 1100. Data

processing module 1160 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, Zigbee protocol, and 802. 11 wireless LAN protocol. Additional description

of communication protocols including those based on Bluetooth protocol and/or Zigbee protocol

can be found in U.S. Patent Publication No. 2006/0193375 incorporated herein by reference in

its entirety for all purposes. Data processing module 1160 may further include communication

ports, drivers or connectors to establish wired communication with one or more of display device

1120, on body electronics 1110, or remote terminal 1170 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.

[0208] In certain embodiments, data processing module 1160 is programmed to transmit a

polling or query signal to on body electronics 1110 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 1 1 10. Data processing module 1160 stores in

its memory the received analyte level information, and/or relays or retransmits the received

information to another device such as display device 1120. More specifically in certain

embodiments, data processing module 1160 may be configured as a data relay device to

retransmit or pass through the received analyte level data from on body electronics 1110 to

display device 1120 or a remote terminal (for example, over a data network such as a cellular or

WiFi data network) or both.

[0209] In certain embodiments, on body electronics 1110 and data processing module 1160

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 1110 and data processing module

1160 is maintained. Alternatively, data processing module 1160 may be worn on a belt or

clothing item of the user, such that the desired distance for communication between the on body

electronics 1110 and data processing module 1160 for data communication is maintained. In a

further aspect, the housing of data processing module 1160 may be configured to couple to or

engage with on body electronics 1 1 10 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 1160 is detachably engaged or connected to on body electronics 1 1 10 providing

additional modularity such that data processing module 1160 may be optionally removed or

reattached as desired.

[0210] Referring again to FIG. 11, in certain embodiments, data processing module 1160 is

programmed to transmit a command or signal to on body electronics 1110 at a predetermined

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 1110. When data processing module 1160 receives the requested analyte

related data, it stores the received data. In this manner, analyte monitoring system 1100 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 1160 may be subsequently provided or transmitted to display device

1120, remote terminal 1170 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 monitored time period, for example, to improve therapy

related decisions. Using this information, the doctor, healthcare provider or the user may adjust

or recommend modification to the diet, daily habits and routines such as exercise, and the like.

[021 1] In another embodiment, data processing module 1160 transmits a command or signal

to on body electronics 1110 to receive the analyte related data in response to a user activation of

a switch provided on data processing module 1160 or a user initiated command received from

display device 1120. In further embodiments, data processing module 1160 is configured to

transmit a command or signal to on body electronics 1110 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 communication 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 communication), the data processing module 1160

may be programmed to automatically transmit a request command or signal to on body

electronics 1110. Alternatively, data processing module 1160 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 processing module 1160 and on body electronics 1110. In this



manner, users or healthcare providers may program or configure data processing module 1160 to

provide certain compliance with analyte monitoring regimen, so that frequent determination of

analyte levels is maintained or performed by the user.

[0212] In certain embodiments, when a programmed or programmable alarm condition is

detected (for example, a detected glucose level monitored by analyte sensor 1101 that is outside

a predetermined acceptable range indicating a physiological condition which requires attention

or intervention for medical treatment or analysis (for example, a hypoglycemic condition, a

hyperglycemic condition, an impending hyperglycemic condition or an impending hypoglycemic

condition), the one or more output indications may be generated by the control logic or processor

of the on body electronics 1 1 10 and output to the user on a user interface of on body electronics

1110 so that corrective action may be timely taken. In addition to or alternatively, if display

device 1120 is within communication range, the output indications or alarm data may be

communicated to display device 1120 whose processor, upon detection of the alarm data

reception, controls the display 1122 to output one or more notification.

[0213] In certain embodiments, control logic or processors of on body electronics 1110 can

execute software programs stored in memory to determine future or anticipated analyte levels

based on information obtained from analyte sensor 1101, e.g., the current 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 programmable in display device 1120, or the on body

electronics 1110, or both, and output to the user in advance of anticipating the user's analyte

level reaching the future level. This provides the user an opportunity to take timely corrective

action.

[0214] Information, such as variation or fluctuation of the monitored analyte level as a

function of time over the monitored time period providing analyte trend information, for

example, may be determined by one or more control logic or processors of display device 1120,

data processing module 1160, and/or remote terminal 1170, and/or on body electronics 1110.

Such information may be displayed as, for example, a graph (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 1100. Such information may also be displayed as

directional arrows (for example, see trend or directional arrow display 1131) 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

analyte level. 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 1100 may include an

algorithm stored on computer readable medium to 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.

[0215] Referring again back to FIG. 11, in certain embodiments, software algorithm(s) for

execution by data processing module 1160 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 respective one or more of the on body electronics 1110, remote

terminal 1170 or display device 1120. In a further aspect, software algorithms for execution by

data processing module 1160 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 downloadable application for execution by the downloading

communication device.

[0216] Examples of smart phones include Windows®, AndroidTM, iPhone® operating

system, Palm® WebOSTM, Blackberry® operating system, or Symbian® operating system

based mobile telephones with data network connectivity functionality for data communication



over an internet connection and/or a local area network (LAN). PDAs as described above

include, for example, portable electronic devices including one or more processors and data

communication 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 1170 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 1170 and the devices are established.

On Body Electronics

[0217] In certain embodiments, on body electronics (or sensor control device) 1110 (FIG.

11) includes at least a portion of the electronic components that operate the sensor and the

display device. The electronic components of the on body electronics typically include a power

supply for operating the on body electronics and the sensor, a sensor circuit for obtaining signals

from and operating the sensor, a measurement circuit that converts sensor signals to a desired

format, and a processing circuit (or processing circuitry) that, at minimum, obtains signals from

the sensor circuit and/or measurement circuit and provides the signals to an optional on body

electronics. In some embodiments, the processing circuit may also partially or completely

evaluate the signals from the sensor and convey the resulting data to the optional on body

electronics and/or activate an optional alarm system if the analyte level exceeds a threshold. The

processing circuit often includes digital logic circuitry.

[0218] The on body electronics may optionally contain electronics for transmitting the sensor

signals or processed data from the processing circuit to a receiver/display unit; a data storage unit

for temporarily or permanently storing data from the processing circuit; a temperature probe

circuit for receiving signals from and operating a temperature probe; a reference voltage

generator for providing a reference voltage for comparison with sensor-generated signals; and/or

a watchdog circuit that monitors the operation of the electronic components in the on body

electronics.

[0219] Moreover, the on body electronics may also include digital and/or analog components

utilizing semiconductor devices, including transistors. To operate these semiconductor devices,

the on body electronics may include other components including, for example, a bias control

generator to correctly bias analog and digital semiconductor devices, an oscillator to provide a



clock signal, and a digital logic and timing component to provide timing signals and logic

operations for the digital components of the circuit.

[0220] As an example of the operation of these components, the sensor circuit and the

optional temperature probe circuit provide raw signals from the sensor to the measurement

circuit. The measurement circuit converts the raw signals to a desired format, using for example,

a current-to-voltage converter, current-to-frequency converter, and/or a binary counter or other

indicator that produces a signal proportional to the absolute value of the raw signal. This may be

used, for example, to convert the raw signal to a format that can be used by digital logic circuits.

The processing circuit may then, optionally, evaluate the data and provide commands to operate

the electronics.

[0221] FIG. 12 is a block diagram of the on body electronics 1110 (FIG. 11) in certain

embodiments. Referring to FIG. 12, on body electronics 1110 in certain embodiments includes a

control unit 1210 (such as, for example but not limited to, one or more processors (or processing

circuitry) and/or ASICs with processing circuitry), operatively coupled to analog front end

circuitry 1270 to process signals such as raw current signals received from analyte sensor 1101.

Also shown in FIG. 12 is memory 1220 operatively coupled to control unit 1210 for storing data

and/or software routines for execution by control unit 1210. Memory 1220 in certain

embodiments may include electrically erasable programmable read only memory (EEPROM),

erasable programmable read only memory (EPROM), random access memory (RAM), read only

memory (ROM), flash memory, or one or more combinations thereof.

[0222] In certain embodiments, control unit 1210 accesses data or software routines stored in

the memory 1220 to update, store or replace stored data or information in the memory 1220, in

addition to retrieving one or more stored software routines for execution. Also shown in FIG. 12

is power supply 1260 which, in certain embodiments, provides power to some or all of the

components of on body electronics 1 1 10. For example, in certain embodiments, power supply

1260 is configured to provide power to the components of on body electronics 1110 except for

communication module 1240. In such embodiments, on body electronics 1110 is configured to

operate analyte sensor 1101 to detect and monitor the analyte level at a predetermined or

programmed (or programmable) time intervals, and generating and storing, for example, the

signals or data corresponding to the detected analyte levels.



[0223] In certain embodiments, power supply 1260 in on body electronics 1110 may be

toggled between its internal power source (e.g., a battery) and the RF power received from

display device 1120. For example, in certain embodiments, on body electronics 1110 may

include a diode or a switch that is provided in the internal power source connection path in on

body electronics 1110 such that, when a predetermined level of RF power is detected by on body

electronics 1110, the diode or switch is triggered to disable the internal power source connection

(e.g., making an open circuit at the power source connection path), and the components of on

body electronics is powered with the received RF power. The open circuit at the power source

connection path prevents the internal power source from draining or dissipating as in the case

when it is used to power on body electronics 1110.

[0224] When the RF power from display device 1120 falls below the predetermined level,

the diode or switch is triggered to establish the connection between the internal power source and

the other components of on body electronics 1110 to power the on body electronics 1 1 10 with

the internal power source. In this manner, in certain embodiments, toggling between the internal

power source and the RF power from display device 1120 may be configured to prolong or

extend the useful life of the internal power source.

[0225] The stored analyte related data, however, is not transmitted or otherwise

communicated to another device such as display device 1120 (FIG. 11) until communication

module 1240 is separately powered, for example, with the RF power from display device 1120

that is positioned within a predetermined distance from on body electronics 1 1 10. In such

embodiments, analyte level is sampled based on the predetermined or programmed time intervals

as discussed above, and stored in memory 1220. When analyte level information is requested,

for example, based on a request or transmit command received from another device such as

display device 1120 (FIG. 11), using the RF power from the display device, communication

module 1240 of on body electronics 1110 initiates data transfer to the display device 1120.

[0226] Referring back to FIG. 12, an optional output unit 1250 is provided to on body

electronics 1110. In certain embodiments, output unit 1250 may include an LED indicator, for

example, to alert the user of one or more predetermined conditions associated with the operation

of the on body electronics 1110 and/or the determined analyte level. By way of nonlimiting

example, the on body electronics 1 1 10 may be programmed to assert a notification using an LED



indicator, or other indicator on the on body electronics 1110 when signals (based on one sampled

sensor data point, or multiple sensor data points) received from analyte sensor 1101 are indicated

to be beyond a programmed acceptable range, potentially indicating a health risk condition such

as hyperglycemia or hypoglycemia, or the onset or potential of such conditions. With such

prompt or indication, the user may be timely informed of such potential condition, and using

display device 1120, acquire the glucose level information from the on body electronics 1110 to

confirm the presence of such conditions so that timely corrective actions may be taken.

[0227] Referring again to FIG. 12, antenna 1230 and communication module 1240

operatively coupled to the control unit 1210 may be configured to detect and process the RF

power when on body electronics 1110 is positioned within predetermined proximity to the

display device 1120 (FIG. 11) that is providing or radiating the RF power. Further, on body

electronics 1110 may provide analyte level information and optionally analyte trend or historical

information based on stored analyte level data, to display device 1120. In certain aspects, the

trend information may include a plurality of analyte level information over a predetermined time

period that are stored in the memory 1220 of the on body electronics 1110 and provided to the

display device 1120 with the real time analyte level information. For example, the trend

information may include a series of time spaced analyte level data for the time period since the

last transmission of the analyte level information to the display device 1120. Alternatively, the

trend information may include analyte level data for the prior 30 minutes or one hour that are

stored in memory 1220 and retrieved under the control of the control unit 1210 for transmission

to the display device 1120.

[0228] In certain embodiments, on body electronics 1110 is configured to store analyte level

data in first and second FIFO buffers that are part of memory 1220. The first FIFO buffer stores

16 (or 10 or 20) of the most recent analyte level data spaced one minute apart. The second FIFO

buffer stores the most recent 8 hours (or 10 hours or 3 hours) of analyte level data spaced 10

minutes (or 15 minutes or 20 minutes). The stored analyte level data are transmitted from on

body electronics 1110 to display unit 1120 in response to a request received from display unit

1120. Display unit 1120 uses the analyte level data from the first FIFO buffer to estimate

glucose rate-of-change and analyte level data from the second FIFO buffer to determine

historical plots or trend information.



[0229] In certain embodiments, for configurations of the on body electronics that includes a

power supply, the on body electronics may be configured to detect an RF control command (ping

signal) from the display device 1120. More specifically, an On/Off Key (OOK) detector may be

provided in the on body electronics which is turned on and powered by the power supply of the

on body electronics to detect the RF control command or the ping signal from the display device

1120. Additional details of the OOK detector are provided in U.S. Patent Publication No.

2008/0278333, the disclosure of which is incorporated by reference in its entirety for all

purposes. In certain aspects, when the RF control command is detected, on body electronics

determines what response packet is necessary, and generates the response packet for

transmission back to the display device 1120. In this embodiment, the analyte sensor 1101

continuously receives power from the power supply or the battery of the on body electronics and

operates to monitor the analyte level continuously in use. However, the sampled signal from the

analyte sensor 1101 may not be provided to the display device 1120 until the on body electronics

receives the RF power (from the display device 1120) to initiate the transmission of the data to

the display device 1120. In one embodiment, the power supply of the on body electronics may

include a rechargeable battery which charges when the on body electronics receives the RF

power (from the display device 1120, for example).

[0230] Referring back to FIG. 11, in certain embodiments, on body electronics 1 1 10 and the

display device 1120 may be configured to communicate using RFID (radio frequency

identification) protocols. More particularly, in certain embodiments, the display device 1120 is

configured to interrogate the on body electronics 1110 (associated with an RFID tag) over an RF

communication link, and in response to the RF interrogation signal from the display device 1120,

on body electronics 1110 provides an RF response signal including, for example, data associated

with the sampled analyte level from the sensor 1101. Additional information regarding the

operation of RFID communication can be found in U.S. Patent No. 7,545,272, and in US

Application Nos. 12/698,624, 12/699,653, 12/761,387, and U.S. Patent Publication No.

2009/0108992 the disclosures of all of which are incorporated herein by reference in their

entireties and for all purposes.

[0231] For example, in one embodiment, the display device 1120 may include a backscatter

RFID reader configured to provide an RF field such that when on body electronics 1110 is within

the transmitted RF field of the RFID reader, on body electronics 1110 antenna is tuned and in



turn provides a reflected or response signal (for example, a backscatter signal) to the display

device 1120. The reflected or response signal may include sampled analyte level data from the

analyte sensor 1101.

[0232] In certain embodiments, when display device 1120 is positioned in within a

predetermined range of the on body electronics 1110 and receives the response signal from the

on body electronics 1110, the display device 1120 is configured to output an indication (audible,

visual or otherwise) to confirm the analyte level measurement acquisition. That is, during the

course of the 5 to 10 days of wearing the on body electronics 1 1 10, the user may at any time

position the display device 1120 within a predetermined distance (for example, about 1-5 inches,

or about 1-10 inches, or about 1-12 inches) from on body electronics 1110, and after waiting a

few seconds of sample acquisition time period, an audible indication is output confirming the

receipt of the real time analyte level information. The received analyte information may be

output to the display 1122 (FIG. 11) of the display device 1120 for presentation to the user.

Display Devices

[0233] FIG. 13 is a block diagram of display device 1120 as shown in FIG. 11 in certain

embodiments. Although the term display device is used, the device can be configured to read

without displaying data, and can be provided without a display, such as can be the case with a

relay or other device that relays a received signal according to the same or a different

transmission protocol (e.g., NFC-to-Bluetooth or Bluetooth Low Energy). Referring to FIG. 13,

display device 1120 (FIG. 11) includes control unit 1310, such as one or more processors (or

processing circuitry) operatively coupled to a display 1122, and an input component (e.g., user

interface) 1121. The display device 1120 may also include one or more data communication

ports such as USB port (or connector) 1123 or RS-232 port 1330 (or any other wired

communication ports) for data communication with a data processing module 1160 (FIG. 11),

remote terminal 1170 (FIG. 11), or other devices such as a personal computer, a server, a mobile

computing device, a mobile telephone, a pager, or other handheld data processing devices

including mobile telephones such as internet connectivity enabled smart phones, with data

communication and processing capabilities including data storage and output.



[0234] Referring back to FIG. 13, display device 1120 may include a strip port 1124

configured to receive in vitro test strips, the strip port 1124 coupled to the control unit 1310, and

further, where the control unit 1310 includes programming to process the sample on the in vitro

test strip which is received in the strip port 1124. Any suitable in vitro test strip may be

employed, e.g., test strips that only require a very small amount (e.g., one microliter or less, e.g.,

about 0.5 microliter or less, e.g., about 0 .1 microliter or less), of applied sample to the strip in

order to obtain accurate glucose information. Display devices with integrated in vitro monitors

and test strip ports may be configured to conduct in vitro analyte monitoring with no user

calibration of the in vitro test strips (e.g., no human intervention calibration).

[0235] In certain embodiments, an integrated in vitro meter can accept and process a variety

of different types of test strips (e.g., those that require user calibration and those that do not),

some of which may use different technologies (those that operate using amperometric techniques

and those that operate using coulometric techniques), etc. Detailed description of such test strips

and devices for conducting in vitro analyte monitoring is provided in U.S. Patent Nos. 6,377,894,

6,616,819, 7,749,740, 7,418,285; U.S. Patent Publication Nos. 2004/0118704, 2006/0096006,

2008/0066305, 2008/0267823, 2010/0094610, 2010/0094111, and 2010/0094112, and U.S.

Application No. 12/695,947, the disclosures of all of which are incorporated herein by reference

in their entireties and for all purposes.

[0236] Glucose information obtained by the in vitro glucose testing device may be used for a

variety of purposes. For example, the information may be used to calibrate analyte sensor 1101

(FIG. 11) if the sensor requires in vivo calibration, confirm results of analyte sensor 1101 to

increase the confidence in the results from sensor 1101 indicating the monitored analyte level

(e.g., in instances in which information obtained by sensor 1101 is employed in therapy related

decisions), etc. In certain embodiments, analyte sensors do not require calibration by human

intervention during its usage life. However, in certain embodiments, a system may be

programmed to self-detect problems and take action, e.g., shut off and/or notify a user. For

example, an analyte monitoring system may be configured to detect system malfunction, or

potential degradation of sensor stability or potential adverse condition associated with the

operation of the analyte sensor, the system may notify the user, using display device 1120 (FIG.

11) for example, to perform analyte sensor calibration or compare the results received from the



analyte sensor corresponding to the monitored analyte level, to a reference value (such as a result

from an in vitro blood glucose measurement).

[0237] In certain embodiments, when the potential adverse condition associated with the

operation of the sensor, and/or potential sensor stability degradation condition is detected, the

system may be configured to shut down (automatically without notification to the user, or after

notifying the user) or disable the output or display of the monitored analyte level information

received the on body electronics assembly. In certain embodiments, the analyte monitoring

system may be shut down or disabled temporarily to provide an opportunity to the user to correct

any detected adverse condition or sensor instability. In certain other embodiments, the analyte

monitoring system may be permanently disabled when the adverse sensor operation condition or

sensor instability is detected.

[0238] Referring still to FIG. 13, power supply 1320, such as one or more batteries,

rechargeable or single use disposable, is also provided and operatively coupled to control unit

1310, and configured to provide the necessary power to display device 1120 (FIG. 11) for

operation. In addition, display device 1120 may include an antenna 1351 such as a 433MHz (or

other equivalent) loop antenna, 13.56 MHz antenna, or a 2.45GHz antenna, coupled to a receiver

processor 1350 (which may include a 433MHz, 13.56MHz, or 2.45GHz transceiver chip, for

example) for wireless communication with the on body electronics 1110 (FIG. 11).

Additionally, an inductive loop antenna 1341 is provided and coupled to a squarewave driver

1340 which is operatively coupled to control unit 1310.

[0239] In certain embodiments, data packets received from on body electronics and received

in response to a request from display device, for example, include one or more of a current

glucose level from the analyte sensor, a current estimated rate of glycemic change, and a glucose

trend history based on automatic readings acquired and stored in memory of on skin electronics.

For example, current glucose level may be output on display 1122 of display device 1120 as a

numerical value, the current estimated rage of glycemic change may be output on display 1122

as a directional arrow 1131 (FIG. 11), and glucose trend history based on stored monitored

values may be output on display 1122 as a graphical trace 1138 (FIG. 11). In certain

embodiments, the processor (or processing circuitry) of display device 1120 may be programmed



to output more or less information for display on display 1122, and further, the type and amount

of information output on display 1122 may be programmed or programmable by the user.

Data Communication and Processing Routines

[0240] Referring now to FIG. 14 which illustrates data and/or commands exchange between

on body electronics 1110 and display device 1120 during the initialization and pairing routine,

display device 1120 provides and initial signal 1421 to on body electronics 1110. When the

received initial signal 1421 includes RF energy exceeding a predetermined threshold level 1403,

an envelope detector of on body electronics 1110 is triggered 1404, one or more oscillators of on

body electronics 1110 turns on, and control logic or processors of on body electronics 1110 is

temporarily latched on to retrieve and execute one or more software routines to extract the data

stream from the envelope detector 1404. If the data stream from the envelope detector returns a

valid query 1405, a reply signal 1422 is transmitted to display device 1120. The reply signal

1422 from on body electronics 1110 includes an identification code such as on body electronics

1110 serial number. Thereafter, the on body electronics 1110 returns to shelf mode in an

inactive state.

[0241] On the other hand, if the data stream from the envelope detector does not return a

valid query from display device 1120, on body electronics 1110 does not transmit a reply signal

to display device 1120 nor is on body electronics 1 1 10 serial number provided to display device

1120. Thereafter, on body electronics 1110 returns to shelf mode 1403, and remains in powered

down state until it detects a subsequent initial signal 1421 from display device 1120.

[0242] When display device 1120 receives the data packet including identification

information or serial number from on body electronics 1110, it extracts that information from the

data packet 1412. With the extracted on body electronics 1110 serial number, display device

1120 determines whether on body electronics 1110 associated with the received serial number is

configured. If on body electronics 1 1 10 associated with the received serial number has already

been configured, for example, by another display device, display device 1120 returns to the

beginning of the routine to transmit another initial signal 1411 in an attempt to initialize another

on body electronics that has not been configured yet. In this manner, in certain embodiments,

display device 1120 is configured to pair with an on body electronics that has not already been

paired with or configured by another display device.



[0243] Referring back to FIG. 14, if on body electronics 1 1 10 associated with the extracted

serial number has not been configured 1413, display device 1120 is configured to transmit a

wake up signal to on body electronics 1110 which includes a configure command. In certain

embodiments, wake up command from display device 1120 includes a serial number of on body

electronics 1110 so that only the on body electronics with the same serial number included in the

wake up command detects and exits the inactive shelf mode and enters the active mode. More

specifically, when the wake up command including the serial number is received by on body

electronics 1110, control logic or one or more processors (or processing circuitry) of on body

electronics 1110 executes routines 1403, 1404, and 1405 to temporarily exit the shelf mode,

when the RF energy received with the wakeup signal (including the configure command)

exceeds the threshold level, and determines that it is not a valid query (as that determination was

previously made and its serial number transmitted to display device 1120). Thereafter, on body

electronics 1110 determines whether the received serial number (which was received with the

wake up command) matches its own stored serial number 1406. If the two serial numbers do not

match, routine returns to the beginning where on body electronics 1110 is again placed in

inactive shelf mode 1402. On the other hand, if on body electronics 1110 determines that the

received serial number matches its stored serial number 1406, control logic or one or more

processors of on body electronics 1110 permanently latches on 1407, and oscillators are turned

on to activate on body electronics 1110. Further, referring back to FIG, 14, when on body

electronics 1110 determines that the received serial number matches its own serial number 1406,

display device 1120 and on body electronics 1110 are successfully paired 1416.

[0244] In this manner, using a wireless signal to turn on and initialize on body electronics

1110, the shelf life of on body electronics 1 1 10 may be prolonged since very little current is

drawn or dissipated from on body electronics 1 1 10 power supply during the time period that on

body electronics 1110 is in inactive, shelf mode prior to operation. In certain embodiments,

during the inactive shelf mode, on body electronics 1 1 10 has minimal operation, if any, that

require extremely low current. The RF envelope detector of on body electronics 1110 may

operate in two modes - a desensitized mode where it is responsive to received signals of less

than about 1 inch, and normal operating mode with normal signal sensitivity such that it is

responsive to receives signals at a distance of about 3-12 inches.



[0245] During the initial pairing between display device 1120 and on body electronics 1110,

in certain embodiments, display device 1120 sends its identification information such as, for

example, 4 bytes of display device ID which may include its serial number. On body electronics

1110 stores the received display device ID in one or more storage unit or memory component

and subsequently includes the stored display device ID data in response packets or data provided

to the display device 1120. In this manner, display device 1120 can discriminate detected data

packets from on body electronics 1110 to determine that the received or detected data packets

originated from the paired or correct on body electronics 1110. The pairing routine based on the

display device ID in certain embodiments avoids potential collision between multiple devices,

especially in the cases where on body electronics 1 1 10 does not selectively provide the analyte

related data to a particular display device, but rather, provide to any display device within range

and/or broadcast the data packet to any display device in communication range.

[0246] In certain embodiments, the payload size from display device 1120 to on body

electronics 1110 is 12 bytes, which includes 4 bytes of display device ID, 4 bytes of on body

device ID, one byte of command data, one byte of spare data space, and two bytes for CRC

(cyclic redundancy check) for error detection.

[0247] After pairing is complete, when display device 1120 queries on body electronics 1110

for real time monitored analyte information and/or logged or stored analyte data, in certain

embodiments, the responsive data packet transmitted to display device 1120 includes a total of

418 bytes that includes 34 bytes of status information, time information and calibration 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 1110, data stored and subsequently provided to

the display device 1120 may have a different time resolution and/or span a longer or shorter time

period. For example, with a larger data buffer, glucose related data provided to the display

device 1120 may include glucose data over a 24 hour time period at 15 minute sampling

intervals, 10 minute sampling intervals, 5 minute sampling intervals, or one minute sampling

interval. 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 1110, or alternatively or in addition to, the stored data may be provided to the display



device 1120 which may then determine the trend information of the monitored analyte level

based on the received data packets.

[0248] The size of the data packets provided to display device 1120 from on body electronics

1110 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 2.45GHz in addition to

other parameters such as, for example, the presence of data processing devices such as a

processor or processing circuitry (e.g., central processing unit CPU) in on body electronics 1110,

in addition to the ASIC state machine, size of the data buffer and/or memory, and the like.

[0249] In certain embodiments, upon successful activation of on body electronics 1110 and

pairing with display device 1120, control unit of display device 1120 may be programmed to

generate and output one or more visual, audible and/or haptic notifications to output to the user

on display 1122, or on the user interface of display device 1120. In certain embodiments, only

one display device can pair with one on body electronics at one time. Alternatively, in certain

embodiments, one display device may be configured to pair with multiple on body electronics at

the same time.

[0250] Once paired, display 1122 of display device 1120, for example, outputs, under the

control of the processor of display device 1120, the remaining operational life of the analyte

sensor 1101 in user. Furthermore, as the end of sensor life approaches, display device may be

configured to output notifications to alert the user of the approaching end of sensor life. The

schedule for such notification may be programmed or programmable by the user and executed by

the processor of the display device.

[025 1] Referring back to FIG. 11, in certain embodiments, analyte monitoring system 1100

may store the historical analyte data along with a date and/or time stamp and/or and

contemporaneous 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.



[0252] Other durations of time may be suitable, depending on the clinical significance of the

data being observed. The analyte monitoring system 1100 may display the analyte readings 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 transmission 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.

[0253] The analyte data parameters may be computed by a processor or processing circuitry

executing a program stored in a memory. In certain embodiments, the processor executing the

program stored in the memory is provided in data processing module 1160 (FIG. 11). In certain

embodiments, the processor executing the program stored in the memory is provided in display

device 1120. An example technique for analyzing data is the applied ambulatory glucose profile

(AGP) analysis technique. Additional detailed descriptions are provided in U.S. Patent Nos.

5,262,035; 5,264,104; 5,262,305; 5,320,715; 5,593,852; 6,175,752; 6,650,471; 6,746, 582,

6,284,478, 7,299,082, and in U.S. Patent Application Nos. 10/745,878; 11/060,365, the

disclosures of all of which are incorporated herein by reference in their entireties for all

purposes.

[0254] As described above, in certain aspects of the present disclosure, discrete glucose

measurement data may be acquired on-demand or upon request from the display device, where

the glucose measurement is obtained from an in vivo glucose sensor transcutaneously positioned

under the skin layer of a user, and further having a portion of the sensor maintained in fluid

contact with the bodily fluid under the skin layer. Accordingly, in aspects of the present

disclosure, the user of the analyte monitoring system may conveniently determine real time

glucose information at any time, using the RFID communication protocol as described above.

[0255] In one aspect, the integrated assembly including the on body electronics and the

insertion device may be sterilized and packaged as one single device and provided to the user.

Furthermore, during manufacturing, the insertion device assembly may be terminal packaged



providing cost savings and avoiding the use of, for example, costly thermoformed tray or foil

seal. In addition, the insertion device may include an end cap that is rotatably coupled to the

insertion device body, and which provides a safe and sterile environment (and avoid the use of

desiccants for the sensor) for the sensor provided within the insertion device along with the

integrated assembly. Also, the insertion device sealed with the end cap may be configured to

retain the sensor within the housing from significant movement during shipping such that the

sensor position relative to the integrated assembly and the insertion device is maintained from

manufacturing, assembly and shipping, until the device is ready for use by the user.

Drug Delivery Systems

[0256] The on body device and/or display device can also include or be integrated with a

drug (e.g., insulin, etc.) delivery device into a system such that they, e.g., share a common

housing. In other embodiments the on body device, display device, and drug delivery device can

each be separate and discrete devices, e.g., they each have their own housing. The drug delivery

device can provide a drug to counteract the high or low level of the analyte in response to a

signal from a sensor of the on body device, or the system may monitor the drug concentration to

ensure that the drug remains within a desired therapeutic range. Examples of such drug delivery

devices can include medication pumps having a cannula that remains in the body to allow

infusion over a multi-hour or multi-day period (e.g., wearable pumps for the delivery of basal

and bolus insulin). When combined with a medication pump, the on body device or display

device can include a reservoir to store the drug, a pump connectable to transfer tubing, and an

infusion cannula. The pump can force the drug from the reservoir, through the tubing and into

the diabetic's body by way of the cannula inserted therein. Other examples of drug delivery

devices that can be included with (or integrated with) a display device include portable injection

devices that pierce the skin only for each delivery and are subsequently removed (e.g., insulin

pens). A display device, when combined with a portable injection device, can include an

injection needle, a reservoir for carrying the drug, an interface for controlling the amount of drug

to be delivered, and an actuator to cause injection to occur. The device can be used repeatedly

until the drug is exhausted, at which point the combined device can be discarded, or the reservoir

can be replaced with a new one, at which point the combined device can be reused repeatedly.

The needle can be replaced after each injection.



[0257] An on body device combined with a drug delivery device, or a display device

combined with a drug delivery device, can both function as part of a closed-loop system (e.g., an

artificial pancreas system requiring no user intervention to operate) or semi-closed loop system

(e.g., an insulin loop system requiring seldom user intervention to operate, such as to confirm

changes in dose). For example, the diabetic's analyte level can be monitored in a repeated

automatic fashion by the on body device, which can then communicate that monitored analyte

level to the display device, and the appropriate drug dosage to control the diabetic's analyte level

can be automatically determined and subsequently delivered to the diabetic's body (e.g., by the

display device integrated with the drug delivery device, or by communication of the dosage from

the display device to a discrete drug delivery device). Software instructions for controlling the

pump and the amount of insulin delivered can be stored in the memory of the display device and

executed by the display device's processing circuitry. These instructions can also cause

calculation of drug delivery amounts and durations (e.g., a bolus infusion and/or a basal infusion

profile) based on the analyte level measurements obtained directly or indirectly from the on body

device. In some embodiments, the on body device can determine the drug dosage and

communicate that to the display device.

Example Embodiments of In Vitro Analyte Monitoring Systems

[0258] In vitro analyte monitoring systems often utilize an in vitro analyte sensor in the form

of a test strip or strip that has a region adapted for contact with a sample of a bodily fluid (e.g.,

blood) that has been removed from a living body, typically by lancing the skin with a sharp such

that one or several drops of blood exit the skin. Such in vitro devices can be referred to as strip-

based in vitro devices. In vitro analyte sensors can be configured to sense the same analytes

described earlier with respect to in vivo analyte sensors. Many embodiments of in vitro sensors

can be formed on a substrate, e.g., a substantially planar substrate. In certain embodiments, the in

vitro sensor includes a working electrode. A working ink may be disposed on at least a portion of

the working electrode. The in vitro sensor may also include at least one counter electrode (or

counter/reference electrode) and/or at least one reference electrode or at least one

reference/counter electrode.



[0259] In certain embodiments, the in vitro sensor may include a first, second and a third

electrode as illustrated in FIGs. 15A and 15B, 16, and 17. For example, as shown in the in vitro

sensor 1510 of FIG. 15A, the first electrode 1511 may be closest to the sample application site

111, followed by the second electrode 1512, and third electrode 1513. The in vitro sensor in FIG.

15A is depicted as having a first substrate 1530 onto which the electrodes are disposed and

further having an insulative layer 1531, with a cut-out for the sample chamber 1532, disposed on

the electrodes, the cut-out exposes the electrodes in the sample chamber while covering other

portions of the electrodes. Accordingly, within the sample chamber, the electrodes are disposed

such that a sample applied at the tip of the sensor at application site 1 1 1, contacts the first

electrode 1511 first, then the second electrode 1512, and then the third electrode 1513. The

conductive trace portions of the electrodes which connect the electrodes to a meter are covered

by the insulative layer. These in vitro sensors may have an additional layer, such as a second

substrate disposed over the insulative layer. The cut out in the insulative layer and the first and

second substrates defines the sample chamber. In certain embodiments, the first electrode 151 1

may be a counter electrode or a reference/counter electrode, the second electrode 1512 may be a

working electrode, and third electrode 1513 may be a trigger electrode that indicates that sample

volume sufficient for accurate analyte measurement is present in the sample chamber.

[0260] In other embodiments, at least two of the electrodes may be in a facing configuration.

For example, the first electrode may be on a first substrate of the in vitro sensor while the second

and/or the third electrode may be on a second substrate of the sensor, where the arrangement of

the electrode with regard to the sample application site may be as described above.

[0261] In other embodiments, the in vitro sensor may be as shown in FIG. 15B. In FIG. 15B,

the sensor 1520 includes a first electrode 1521 on a first substrate 1525; two second electrodes

1522 and 1523, for detecting sufficient filling of the sample chamber, and third electrode 1524

on a second substrate 1526. In the assembled sensor, the first electrode 1521 is a facing

orientation to electrodes 1522, 1523, and 1524. In the sensor of FIG. 15B, the sample may be

filled from either side entrance 112 or 113. A spacer layer 1510 and 1510' in combination with

the two substrates 1525 and 1526 define the sample chamber. The sensor in FIG. 15B includes

two side entrances 112 and 113 either of which can be used to fill the sensor with a sample. In

these embodiments, the sample may contact the first (1521) and second (1522) electrodes

simultaneously and before the sample contacts the third electrode 1524, when the sample enters



at entrance 112. In other embodiments, the sample enters at entrance 113 and contacts electrodes

1521 and 1523 simultaneously before contacting electrode 1522. In certain embodiments, the

second electrodes act as trigger electrodes which indicate that sample volume sufficient for

accurate analyte measurement is present in the sample chamber. In certain embodiments, the

third electrode 1524 may be a working electrode and first electrode 1521 may be a counter

electrode or a reference/counter electrode.

[0262] In another embodiment, the in vitro sensor may be as shown in FIG. 16 . In this

embodiment, the all electrodes are disposed on a single surface of the same substrate 1630.

These coplanar electrodes include a counter electrode or a counter/reference electrode 1631

disposed in wrap-around configuration with reference to the working electrode 1632. A trigger

electrode 1633 is disposed downstream to electrodes 1631 and 1632 such that a sample applied

to the application site 123 contacts the trigger electrode 1633 after contacting electrodes 1631

and 1632.

[0263] An embodiment of an in vitro analyte sensor with electrodes in a facing configuration

is illustrated in FIG. 17 which shows an exploded view of such a sensor. The in vitro sensor

includes a working electrode 17112 disposed on substrate 17124. Electrodes 17118, 17120, and

17122 are disposed on second substrate 17128. Spacer layer 17126 (e.g., an adhesive) separates

working electrode 17112 from electrodes 17118, 17120, and 17122. 17118 and 17122 are trigger

electrodes and 17120 may be a silver/silver chloride combined counter/reference electrode.

Substrates 17128, 17124, in combination with spacer 17126 define the sample chamber 171 14.

Sample chamber 17114 includes two entrances on side edges of the sensor, the entrances are

marked by reference numerals 171 14a and 1711 4b. 17110 depicts a sample as it is filled into the

sample chamber 171 14. Sample chamber 17114 includes the working electrode 17112. The

trigger electrode closest to the side where the sample has been applied indicates when the sample

has started filling the sample chamber and the trigger electrode at the opposite side of the sample

chamber indicates when the sample chamber has been filled by the sample.

[0264] The terms "working electrode", "counter electrode", "reference electrode" and

"counter/reference electrode" are used herein to refer to a portion or portions of a conductive

trace which are configured to function as a working electrode, counter electrode, reference

electrode, or a counter/reference electrode, respectively. In other words, a working electrode is



that portion of a conductive trace which functions as a working electrode as described herein,

e.g., that portion of a conductive trace which is exposed to an environment containing the analyte

or analytes to be measured and not covered by an insulative layer (such as a spacer layer, a tape,

or a cover), and which, in some cases, has been modified with one or more sensing layers as

described herein. Similarly, a reference electrode is that portion of a conductive trace which

functions as a reference electrode as described herein, e.g., that portion of a conductive trace

which is exposed to an environment containing the analyte or analytes to be measured and not

covered by an insulative layer, and which, in some cases, includes a secondary conductive layer,

e.g., a Ag/AgCl layer. A counter electrode is that portion of a conductive trace which is

configured to function as a counter electrode as described herein, e.g., that portion of a

conductive trace which is exposed to an environment containing the analyte or analytes to be

measured and not covered by an insulative layer. As noted above, in some embodiments, a

portion of a conductive trace may function as either or both of a counter electrode and a

reference electrode.

[0265] In certain embodiments, a working ink comprising an analyte responsive enzyme may

be disposed in the sample chamber of the in vitro sensor. In certain embodiments, a sample

chamber is defined by a first substrate, a second substrate, and a spacer layer disposed between

the first and second substrates. The spacer layer may be shorter than the first substrate and a

second substrate or may include a cut-out that defines a space between the first substrate and the

second substrate. The sample chamber includes at least a portion of the working electrode and

the counter or the counter/reference electrode. In certain embodiments, the working ink may be

disposed on the working electrode (e.g., in a sensor with a facing electrode configuration) or may

be disposed on both the working electrode and the counter or the counter/reference electrode

(e.g., in a sensor with a coplanar electrode configuration). The portion of the working electrode

that is exposed in the sample chamber, e.g., is not covered with the spacer layer, defines a

working region that is available for measuring an analyte related signal from a sample present in

the sample chamber. In certain embodiments, the working region is a working pad covered with

the working ink. In certain embodiments, the working ink in addition to containing an analyte

responsive enzyme may also include a redox mediator. The area of the working pad may be

dependent on the area of the working electrode as well as the area of the working electrode not

covered by the spacer layer that holds the first and second substrates in a spaced apart manner.



The thickness of the working pad may be a thickness suitable for measurement of the analyte and

may be controlled during the manufacturing process.

[0266] In certain embodiments, the electrodes are connected to contact pads via a trace. The

contact pads facilitate connection of the electrodes to a meter or another device that detects the

electrochemical signal generated by the interaction of the analyte in the sample and the analyte

specific enzyme. In general, at least a portion of the electrodes and contact pads are not covered

by the spacer layer or another insulating layer when the trace is covered by the spacer layer or

another insulating layer in the assembled sensor. In certain embodiments, the trace may be made

from the same material as the electrodes and contact pads. The resistance of the trace is

dependent upon the trace area as well as the trace material.

[0267] The in vitro sensors can be configured for top-filling, tip-filling, corner-filling and/or

side-filling. In some embodiments, the in vitro sensors include one or more optional fill assist

structures, e.g., one or more notches, cut-outs, indentations, and/or protrusions, which facilitate

the collection of the fluid sample. For example, the in vitro sensor can be configured such that

the proximal end of the in vitro sensor is narrower than the distal end of the sensor. In one such

embodiment, the analyte sensor includes a tapered tip at the proximal end of the in vitro sensor,

e.g., the end of the in vitro sensor that is opposite from the end that engages with a meter.

[0268] The in vitro analyte sensors can be configured to include one or more protrusions

which facilitate filling of the sensors. The one or more protrusions may extend from the first

substrate or the second substrate or both. In some embodiments, the in vitro analyte sensors

include one or more spacers positioned with respect to protrusions such that they provide

structural support for the protrusions. Additional fill assist structures are described in U.S. Patent

Publication No. 2008/0267823, and U.S. Patent Application No. 11/461,725, filed August 1,

2006, the disclosures of both of which are incorporated by reference herein in their entireties and

for all purposes.

[0269] The configuration and operation of in vitro meters is well known in the art. FIG. 18A

is a perspective view depicting an example embodiment of an in vitro analyte meter 18100. In

this embodiment, the meter 18100 includes a test strip slot or port 18102, a display 18104 and

one or more operational buttons 18106. Although not shown in FIG. 18A, the meter 18100 can

also include component circuitry for receiving signals that depend on the analyte level of a fluid



applied to a strip that is inserted into the slot 18102, and component circuitry for determining the

analyte level based on the received signals. This component circuitry can include processing

circuitry communicatively coupled with non-transitory memory. The non-transitory memory can

include one or more software instructions that, when executed by the processing circuitry, cause

the processing circuitry to calculate the analyte level from the signals received from the test strip,

and because the processing circuitry to cause the display of the analyte level to the user. FIG.

18B is a frontal view depicting an analyte meter 18200 with display 18104 and operational

buttons 18106, and also having a glucose test strip 18202 inserted into a slot 18102 for testing a

body fluid sample (e.g., blood) applied to the strip 18202.

Example Embodiments of Calibration

[0270] Biochemical sensors can be described by one or more sensing characteristics. A

common sensing characteristic is referred to as the biochemical sensor's sensitivity, which is a

measure of the sensor's responsiveness to the concentration of the chemical or composition it is

designed to detect. For electrochemical sensors, this response can be in the form of an electrical

current (amperometric) or electrical charge (coulometric). For other types of sensors, the

response can be in a different form, such as a photonic intensity (e.g., optical light). The

sensitivity of a biochemical analyte sensor can vary depending on a number of factors, including

whether the sensor is in an in vitro state or an in vivo state.

[0271] FIG. 19A is a graph depicting the in vitro sensitivity of an amperometric analyte

sensor. The in vitro sensitivity can be obtained by in vitro testing the sensor at various analyte

concentrations and then performing a regression (e.g., linear or non-linear) or other curve fitting

on the resulting data. In this example, the analyte sensor's sensitivity is linear, or substantially

linear, and can be modeled according to the equation y = mx + b, where y is the sensor's

electrical output current, x is the analyte level (or concentration), m is the slope of the sensitivity

and b is the intercept of the sensitivity, where the intercept generally corresponds to a

background signal (e.g., noise). For sensors with a linear or substantially linear response, the

analyte level that corresponds to a given current can be determined from the slope and intercept

of the sensitivity. Sensors with a non-linear sensitivity require additional information to

determine the analyte level resulting from the sensor's output current, and those of ordinary skill



in the art are familiar with manners by which to model non-linear sensitivities. In certain

embodiments of in vivo sensors, the in vitro sensitivity may be the same as the in vivo

sensitivity, but in other embodiments a transfer (or conversion) function is used to translate the in

vitro sensitivity into the in vivo sensitivity that is applicable to the sensor's intended in vivo use.

[0272] Biochemical sensors of the same design undergoing the same manufacturing process

can have different in vitro sensitivities (as well as in vivo sensitivities, if applicable) due to

variations in that manufacturing process and the materials used for fabrication. FIG. 19B depicts

examples of different sensitivities 1901-1904 for different analyte sensors of the same

mechanical and electrochemical design. The sensitivities 1901-1904 in this example are linear

for ease of illustration, but in other examples can be non-linear. Here, a first sensitivity 1901 has

the same intercept as a second sensitivity 1902, but a greater slope. A third sensitivity 1903 has

generally the same slope as that of sensitivity 1902, but a greater intercept. A fourth sensitivity

1904 has a still greater slope and intercept that those of sensitivities 1901-1903.

[0273] In order to compensate for these variations, the sensor can be calibrated. Calibration

is a technique for improving or maintaining accuracy by adjusting a sensor's measured output to

reduce the differences with the sensor's expected output. One or more parameters that describe

the sensor's sensing characteristics, like its sensitivity, are established for use in the calibration

adjustment. However in vitro testing of the sensor can destroy, degrade, contaminate, or

otherwise render the sensor not suitable for distribution from the possession of the manufacturer

to the possession of users (e.g., for clinical testing, commercial use, etc.), and thus in vitro testing

each sensor prior to distribution is not a practical option.

Examples of In Vivo Calibration

[0274] After using an in vivo sensor to obtain a raw measurement signal from the user's

body, the on body electronics can apply analog signal conditioning to the raw signal and convert

the signal into a digital form of the conditioned raw signal. For example, the digital raw data can

be in counts converted by an A/D converter from the raw analog signal (for example, voltage or

amps). In some embodiments, this conditioned raw digital data can be encoded for transmission

to another device, e.g., a display device as described herein, which then algorithmically

processes that digital raw data into a processed result representative of the user's analyte level

(e.g., a result readily made suitable for display to the user). This algorithmic processing utilizes



the calibration information for the sensor to arrive at the processed result, and can utilize other

one or more other variables depending upon the implementation. Algorithmic processes for

using calibration information to convert raw digital data into the processed result are within the

skill of those in the art. This algorithmically processed result can then be digitally formatted or

graphically processed for digital display to the user. In other embodiments, the on body

electronics itself can algorithmically process the digital raw data into the processed result that is

representative of the user's measured analyte level, and then encode and wirelessly communicate

that data to a display device, which in turn can format or graphically process the received data

for digital display to the user. In some such embodiments, the on body electronics can further

graphically process the processed result of the data such that it is ready for display, and then

display that data on a display of on body electronics or transmit the data to a display device. In

some embodiments, the processed analyte data result (prior to graphic processing) is used by the

system (e.g., incorporated into a diabetes monitoring regime) without processing for display to

the user. In some embodiments, the on body electronics and/or the display device transmit the

digital raw data to another computer system for algorithmic processing and display.

[0275] Certain embodiments of in vivo analyte monitoring systems require calibration to

occur after implantation of the sensor into the user or patient, either by user interaction or by the

system itself in an automated fashion. For example, when user interaction is required, the user

performs an in vitro measurement (e.g., a blood glucose (BG) measurement using a finger stick

and an in vitro test strip) and enters this into the system, while the analyte sensor is implanted.

The system then compares the in vitro measurement with the in vivo signal and, using the

differential, determines an estimate of the sensor's in vivo sensitivity. The in vivo sensitivity can

then be used in an algorithmic process to transform the data collected with the sensor to a value

that indicates the user's analyte level. This and other processes that require user action to

perform calibration are referred to as "user calibration." Systems may require user calibration

due to instability of the sensor's sensitivity, such that the sensitivity drifts or changes over time.

Thus, multiple user calibrations (e.g., according to a periodic (e.g., daily) schedule or on an as-

needed basis) may be required to maintain accuracy. While the embodiments described herein

can incorporate a degree of user calibration for a particular implementation, generally this is not

preferred as it requires the user to perform a painful or otherwise burdensome BG measurement,

and can introduce user error.



[0276] Some embodiments of in vivo analyte monitoring systems have been proposed that

regularly adjust the calibration parameters through the use of automated measurements of

characteristics of the sensor made by the system itself (e.g., processing circuitry executing

software). One such system repeatedly measures the sensor's impedance and uses this to update

the sensitivity, and is described in US Publ. No. 2012/0265037, which is incorporated by

reference herein in its entirety for all purposes. The repeated adjustment of the sensor's

sensitivity based on a variable measured by the system (and not the user) is referred to generally

as "system" (or automated) calibration, and can be performed with user calibration, such as an

early BG measurement, or without user calibration. Like the case with repeated user

calibrations, repeated system calibrations are typically necessitated by drift in the sensor's

sensitivity over time. Thus, while the embodiments described herein can be used with a degree

of automated system calibration, preferably the sensor's sensitivity is relatively stable over time

such that post-implantation calibration is not required.

[0277] Some embodiments of in vivo analyte monitoring systems operate with a sensor that

is factory calibrated. Factory calibration refers to the determination or estimation of the one or

more calibration parameters prior to distribution to the user or healthcare professional (HCP).

The calibration parameter can be determined by the sensor manufacturer (or the manufacturer of

the other components of the sensor control device if the two entities are different). Many in vivo

sensor manufacturing processes fabricate the sensors in groups or batches referred to as

production lots, manufacturing stage lots, or simply lots. A single lot can include thousands of

sensors.

[0278] Production lots are often individually numbered or coded to provide traceability

throughout the manufacturing process. In some examples of factory calibration, one or a subset

of sensors from each individual lot is tested and one or more nominal calibration parameters are

determined and applied to the remaining, untested sensors in that particular lot that are

designated for distribution into the field (e.g., for commercial use, clinical testing, etc.). Thus,

each and every sensor distributed from that lot is assigned the same nominal calibration

parameter. This can be referred to as "lot-level" calibration and, depending on the outcome of

the lot testing, the sensors of a first lot may have a calibration parameter that is different than the

sensors of a second lot.



[0279] One or more calibration parameters can be stored in the memory of the corresponding

sensor control devices, such that when a user initiates operation of the sensor control device, the

requisite calibration parameters are readily available. Embodiments of factory calibrated sensors

with relatively unstable sensitivities can be used with one or more user calibration steps and/or

one or more system calibration steps.

[0280] Factory calibrated sensors with stable or substantially stable sensitivities can be

operated without user calibration and without system calibration. For example, in all of the

embodiments described herein, the in vivo sensors can be calibrated by the manufacturer and

then provided to the user, who can then use such sensors for the duration of their lifespan to

accurately monitor the user's in vivo analyte levels, and no step of user calibration nor step of

system calibration is performed during that lifespan. Such systems and methods determine

clinically accurate analyte concentrations at least over the predetermined 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 a generated

analyte related signal from the analyte sensor during the usage life of the sensor, e.g., post-

manufacture. In other words, once the analyte sensors are positioned in the body of the user,

control logic or microprocessors in the electronics, or the microprocessors in the display device

include one or more algorithms or programming to accurately convert or correlate signals related

to the sensed analyte (e.g., in nanoamps (nA), counts, or other appropriate units) to a

corresponding analyte level (e.g., converted to an analyte level in milligrams per deciliter

(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.

Examples of In Vitro Calibration

[0281] Like in vivo analyte monitoring systems, in vitro analyte monitoring systems can also

benefit from calibration. In vitro strips are typically used only once, and any calibration

information associated with that in vitro sensor is determined by the manufacturer and not by the

user. In some examples, the calibration parameter or code can be printed on the packaging

containing the group of in vitro sensors. Each time the user uses one of the in vitro sensors, the

user enters the calibration parameter into the meter so that the meter can appropriately adjust the



result. The algorithmic processing performed by the in vitro systems is similar to that described

with respect to the in vivo systems, where a raw measurement signal can undergo analog

conditioning and conversion into a digital form of the conditioned raw signal, and then

algorithmically processed into a processed result representative of the user's analyte level (e.g., a

result readily made suitable for display to the user). This algorithmic processing utilizes the

calibration information for the in vitro sensor to arrive at the processed result, and can utilize

other one or more other variables depending upon the implementation. As with factory-

calibrated in vivo sensors, the calibration code is determined for a production lot of in vitro

sensors (or multiple production lots) and each in vitro sensor within the production lot is

assigned the same calibration code.

Example Embodiments Relating to Individualized Calibration For Medical Devices

[0282] Many medical device manufacturing processes fabricate the medical devices in

production lots. In vivo analyte sensors and in vitro analyte sensors (e.g., test strips) are just a

few examples of medical devices manufacturable by lot. The example embodiments described

herein allow an individualized calibration parameter to be independently determined, or

estimated, for each and every medical device within a lot. Thus, instead of lot-level calibration,

the embodiments allow for individual "device-level" calibration (e.g., "sensor-level" calibration).

The terms "individualized calibration information" and "individualized calibration parameter" as

used herein represent calibration information or a calibration parameter that has been determined

using (or is otherwise based on or represents) at least one characteristic, measurement, or aspect

that is specific to an individual medical device within a group (e.g., a production lot) and that can

vary across the medical devices of the group. While "individualized calibration information"

and an "individualized calibration parameter" may also be determined using a characteristic,

measurement, or aspect that is not specific to an individual medical device but rather shared by

the medical devices within the group, those terms remain distinguishable from both lot-level

calibration information and a lot-level calibration parameter. The individualized calibration

parameter can be determined for a particular medical device without in vitro testing that

particular medical device, as that testing can render the device unsuitable for distribution to third

party users as described above.



[0283] FIG. 20A is a flow diagram depicting an example embodiment of a method 2000 for

individually calibrating a medical device capable of sensing a biomedical attribute. At 2008, a

sensing characteristic of a first medical device is determined. For an analyte sensor, this sensing

characteristic can be a sensitivity to the analyte for example. The sensing characteristic can be

determined with in vitro (or in vivo) testing, such that the testing renders the first medical device

unsuitable for distribution. At 2009, calibration information for a second medical device can be

determined using at least a representation of a manufacturing parameter of the second medical

device and a representation of the sensing characteristic of the first medical device. The

representation of the manufacturing parameter can be the value of the manufacturing parameter

as measured, a representative value that is calculated from the manufacturing parameter (e.g., a

relative difference of the manufacturing parameter from a reference (nominal value or central

tendency of the manufacturing parameter)), a representative aspect of the manufacturing

parameter, or otherwise. The representation of the sensing characteristic, as will be described

further below, can be the value of the sensing characteristic itself, a representative value that is

calculated from the sensing characteristic (e.g., a relative difference of the sensing characteristic

from a reference (nominal value or central tendency of the sensing characteristic)), a

representative aspect of the sensing characteristic, or otherwise. The first and second medical

devices are preferably of the same structural and chemical configuration and design.

[0284] In many cases the manufacturing parameter is specific to the second medical device.

For example, the second device's manufacturing parameter can be measured directly or

indirectly from the second device during or after manufacturing. Examples of manufacturing

parameters are described in greater detail herein. The manufacturing parameter of the second

device can be used with the sensing characteristic of the first device to determine, estimate,

calculate, or extrapolate calibration information for the second device. In this manner,

calibration information specific to the second device can be determined using characteristics of

the second device that are obtained in a non-degrading, non-destructive or non-contaminatory

manner, while also utilizing an actual sensing characteristic measured from the first medical

device.

[0285] The method of FIG. 20A was described with respect to two individual medical

devices (a first and a second), but this subject matter can be extended to larger scales. FIG. 20B

is a flow diagram depicting another example embodiment of a method 2010 for individually



calibrating a multitude of medical devices (e.g., in vivo or in vitro analyte sensors) capable

sensing a biochemical attribute. At 2018, a sensing characteristic of a first subset of medical

devices is determined. This first subset can be referred to herein as a sample subset, or a baseline

subset, and the sensing characteristic taken from the first subset can be referred to herein as a

sample sensing characteristic or baseline sensing characteristic. For analyte sensors, this sensing

characteristic can be a sensitivity to the analyte for example. The sensing characteristic can be

determined with in vitro (or in vivo if applicable) testing of the first subset of medical devices,

such that the testing renders the first subset of medical devices unsuitable for distribution.

Examples of testing will be described in more detail herein.

[0286] At 2019, calibration information can be independently determined for each medical

device within a second subset of medical devices using at least a representation of an

individualized manufacturing parameter of each device within the second subset and a

representation of the sensing characteristic of the first subset of medical devices. Put differently,

for example, if the second subset includes 100 individual medical devices, then 100 independent

determinations of calibration information can be made (e.g., by processing circuitry executing

software instructions). These 100 independent determinations can be performed as 100 discrete

mathematical steps, or in one mathematical step such as by using number arrays. The second

subset of medical devices corresponds to the subset intended for distribution to users such as

patients and/or HCPs, and can be referred to herein as the distribution subset.

[0287] The medical devices within the baseline subset that are subject to in vitro testing are

different from the medical devices within the distribution subset. In some embodiments, the

baseline and distribution subsets are portions of a larger multitude of medical devices that have

undergone one or more manufacturing steps together as a common group or batch. For example,

the larger multitude can be a production lot that undergoes all or almost all manufacturing steps

together. The baseline subset of medical devices can be taken from the production lot and used

to derive the baseline sensing characteristic that is then used in part to determine the

individualized calibration information for each sensor within the distribution subset. The

baseline subset and distribution subset together do not have to account for every medical device

within the production lot as certain medical devices within the lot can be removed (e.g., for

failing an in-line inspection) or utilized for other purposes (e.g., quality control).



[0288] It is desirable to take the baseline subset and distribution subset from the same lot as

this will inherently account for many manufacturing variations, particularly those that occur

uniformly across the lot but may vary between lots. However, for manufacturing processes

where significant variations are more limited within and between lots, then the medical devices

within the baseline subset and the distribution subset are not taken from the same lot, although

care should be taken so as not to significantly lessen the applicability of the baseline test results

to the distribution subset. For example, in some embodiments, the medical devices within the

baseline subset can be taken from two or more different production lots and the distribution

subset can be taken from a production lot that is the same as the production lot of one or more

medical devices within the baseline subset (e.g., the baseline subset represents a cross-section of

many production lots to which the baseline sensing characteristic is then applied). In other

embodiments, the baseline subset of medical devices can be taken from one production lot and

the distribution subset of medical devices can be taken from a second, different production lot.

In still other embodiments, the baseline subset can be taken from two or more different

production lots and the distribution subset can be taken from a production lot from which no

sensor is included within the baseline subset. In the embodiments just described, the notion of

whether baseline and distribution subsets come from the same or different production lots is

viewed with respect to whether the devices were processed together during one or more

manufacturing stages.

[0289] Generally, the more medical devices within the baseline subset, the more accurate the

resulting in vitro sensing characteristic will be. However, because the in vitro testing is often

destructive etc., the medical devices within the baseline subset will generally not be available for

distribution. Thus, the quantity of devices in the baseline subset can be determined by balancing

the ability to obtain accurate and representative results against the decrease to production yields

(and cost resulting therefrom). The quantity of devices in the baseline subset can also be related

to the quantity of devices within the production lot (or an average production lot). For example

only, the baseline subset can be approximately 0.01-10% (e.g., 0.01%, 0.1%, 0.5%, 1.0%, 5%, or

10%) of the medical devices within a production lot. By way of another example, the number of

medical devices within the baseline subset can be approximately 0.01-10% (e.g., 0.01%, 0.1%,

0.5%, 1.0%, 5%, or 10%) of the number of medical devices within the distribution subset.

Percentages outside of these ranges are also within the scope of this disclosure.



[0290] FIG. 20C is a flow diagram depicting another example embodiment of method 2010

(FIG. 20B) with additional steps that can be included by discretion. At 2012, a multitude (e.g., a

production lot or portion thereof) of medical devices are at least partially manufactured, where

the multitude includes a baseline subset and a distribution subset. At 2014, an individualized

manufacturing parameter of each medical device in the multitude is measured. In some

embodiments, the individualized manufacturing parameter is only measured for those medical

devices in the distribution subset. The measuring step can be performed while the multitude of

medical devices are being manufactured in step 2012, such as with in-line testing or monitoring

occurring during or after each stage of manufacturing. The measurements can be performed

after manufacturing of the medical device is complete, such as for those manufacturing

parameters that are measurable at that stage. If the medical device is subsequently assembled

with other components into a larger device, then measurements can be made after that assembly,

if those manufacturing parameters remain measurable. At 2016, the medical devices within the

baseline subset are in vitro tested to obtain in vitro test data. In vitro testing can be performed

after manufacturing of the sensors has reached a stage that permits accurate in vitro testing (e.g.,

after application and postprocessing of the membrane but prior to assembly of the sensor with

the electrical components associated therewith). As with the embodiment if FIG. 20B, at 2018, a

sensing characteristic of the baseline subset of medical devices is determined and then at 2019,

calibration information can be independently determined for each medical device within the

distribution subset using at least a representation of an individualized manufacturing parameter

of each medical device within the distribution subset and a representation of the sensing

characteristic of the baseline subset of medical devices.

[0291] At 2020, the calibration information can be associated with each individual medical

device. Various techniques for doing this are described in greater detail herein. For example, for

in vivo devices, this can be achieved by storing the individualized calibration information within

non-transitory memory of electronics assigned to the individual in vivo device, or by storing the

individualized calibration information in non-transitory memory associated with a server such

that the calibration information can be communicated to a device in the field (e.g., a reader

device) that is operating with the individual in vivo sensor. For in vitro devices, this can be

accomplished by recording the calibration information on a medium located on or with each

individual in vitro device. In certain examples where the in vitro devices are strips, the strips can



be packaged together with other strips having the same individually determined calibration

information, which can be printed on the packaging.

Examples of Manufacturing Parameters

[0292] The term manufacturing parameter is a broad one intended to encompass any aspect

of a medical device measurable (directly or indirectly) during or after the manufacturing process,

or any descriptor of the manner in which a particular medical device (or group of medical

devices) was manufactured. The manufacturing parameter is preferably specific to one

individual medical device such that it can vary between medical devices in the same group or lot,

in which case it is referred to herein as an individualized manufacturing parameter. This is in

contrast to a manufacturing parameter that is not specific to one individual medical device,

which is referred to herein as a "group" manufacturing parameter or "lot" manufacturing

parameter. Examples of which can include an environmental parameter present while a batch of

medical devices are concurrently processed (such as in a common chamber), or an identification

of equipment that is used to manufacture a production lot.

[0293] The medical devices are preferably traceable throughout the manufacturing process

such that the identity of the medical device during each manufacturing stage can be tracked. An

individualized manufacturing parameter can be stored as data in a manner that associates it with

the respective individual medical device from which it was obtained. When a manufacturing

parameter is obtained for a particular medical device, that newly obtained manufacturing

parameter can be stored with any and all other manufacturing parameters measured for that same

medical device. Each individual medical device can therefore have one or more manufacturing

parameters associated with it, for example, in a data or log file.

[0294] Examples of manufacturing parameters can include size or dimensional

measurements of an individual medical device. The dimensional measurement can be any

dimension in three-dimensional space. The size measurement can be one-dimensional, such as a

length, width, height, thickness, radius, diameter, chord, or otherwise. The size measurement

can represent a two-dimensional (2D) space, such as an area of a planar surface or a magnitude

of a periphery of a planar surface, an arc, or otherwise. The size measurement can represent a

three-dimensional (3D) space, such as an area of a nonplanar surface (e.g., cylindrical,

hemispherical, irregular or portions thereof), a volume, or otherwise. Dimensional



measurements can be obtainable directly or indirectly. For example, 2D and 3D measurements

can be obtained by measuring various single dimensions and then calculating or estimating the

2D or 3D size. In some examples, dimensions such as height or thickness of a particular

structure may be difficult to measure directly, but can be estimated by measuring other

comparable structures (e.g., artwork) that can act as a surrogate. Size measurements can be

obtained using inspection equipment (e.g., optical sensors) or the like.

[0295] In the context of in vivo analyte sensors, all the aforementioned sizes can be

measured from any component thereof, such as any and all electrodes, a sensing region, a

membrane, a contact, an insulating member, a substrate, an electrical trace, and so forth. In

many embodiments, as will be described herein, the size or dimensional characteristics of the

sensing region and/or the membrane of an in vivo analyte sensor can be particularly important in

determining accurate calibration information for the sensor, although the embodiments described

herein are not limited to only these examples. By way of non-limiting example, the size of the

sensing region can be representative of at least one of the following: a width of the sensing

region, a length of the sensing region, a thickness of the sensing region, a peripheral length of the

sensing region, an area of the sensing region, or a volume of the sensing region. By way of non-

limiting example, the size of the membrane can be representative of at least one of the following:

a width of the membrane, a length of the membrane, a thickness of the membrane, a peripheral

length of the membrane, an area of the membrane, or a volume of the membrane.

[0296] In the context of in vitro analyte sensors such as strips, all the aforementioned sizes

can be measured from any component thereof, such as any and all electrodes, a working pad, a

working ink, an insulating member, a substrate, a spacer, a trace, a cutout, and so forth. In some

embodiments, the size (e.g., length, width, area, thickness or height, perimeter, volume, etc.) of

the working pad can be particularly important in determining accurate calibration information,

although the embodiments described herein are not limited to such.

[0297] Examples of manufacturing parameters can include chemical compositions or

concentrations of any portion or component of the medical device. The chemical composition or

concentration can be that of any of the structures described herein or otherwise known in the art.

In the context of in vivo analyte sensors, the chemical composition can be that of any and all

electrodes, a sensing region and components thereof, a membrane, a contact, a substrate, an



insulating layer, an electrical trace, and so forth. In the context of in vitro sensors such as strips,

the chemical composition can be that of any and all electrodes, a working pad, a working ink, an

insulating member, a substrate, a spacer, an electrical trace, and so forth. Numerous chemical

aspects of medical devices are described herein and these will not be repeated other than to note

that the manufacturing parameter can relate to the composition and/or concentration of each

chemical aspect described. In addition, the chemical composition or concentration can be

representative of an impurity level within the medical device. Examples of manufacturing

parameters can also include material characteristics, such as porosity, surface roughness or

smoothness, density, frangibility, conduit width, conduit length, and the like.

[0298] Examples of manufacturing parameters can include electrical characteristics such as

resistance, impedance, capacitance, leakage, and so forth. In the context of in vivo analyte

sensors, the electrical characteristics can be measured from any component thereof, such as any

and all electrodes, conductive members (such as wires, interconnects, traces, or contacts),

insulating members (e.g., resistance, impedance, leakage), the sensing region, the membrane, a

substrate, and so forth. In the context of in vitro sensors such as strips, the electrical

characteristics can be measured from any component thereof, such as any and all electrodes,

conductive members (such as wires, interconnects, traces, or contacts), insulating members,

substrates, the working pad, the working ink, a spacer, and so forth. In some embodiments, the

trace resistances can be particularly important in determining accurate calibration information,

although the embodiments described herein are not limited to such.

[0299] Examples of manufacturing parameters that can be either individualized parameters

(e.g., such as with single unit processing where an individual medical device is acted upon alone

by the manufacturing equipment of a particular stage) or that are not individualized (e.g., such as

with batch processing), can include environmental conditions. One example can be temperatures

or amounts of temperature variation exhibited during a particular manufacturing stage, such as an

anneal. Another example can be ambient pressures or amounts of pressure variation exhibited

during a particular manufacturing stage, such as a vapor deposition. The amount of time a

particular medical device (or batch or production lot) spends in a particular stage of

manufacturing, or between stages of manufacturing if such is relevant, can also qualify as a

manufacturing parameter



[0300] Manufacturing parameters can be qualitative as well. The identity of a particular

piece of equipment used on the medical device during manufacturing can be a qualitative

manufacturing parameter, as can the order in which medical devices are processed. For example,

the position of a particular medical device (or batch of medical devices) within a sequence of

medical devices (or batches of medical devices) being acted upon by a particular piece of

equipment can be a qualitative manufacturing parameter. In some embodiments, in vitro strips

can be fabricated from a printed card that is subsequently separated into individual test strips,

and the position of the strip in each row can be particularly important in determining accurate

calibration information, although the embodiments described herein are not limited to such.

Likewise, the fact that a medical device is subjected to reprocessing at any stage during

manufacturing, e.g., for being out of specification, can be a qualitative manufacturing parameter.

[0301] Referring back to measurements of a sensing region area of an example sensor, FIG.

2 1A is a top down view depicting an example embodiment of the surface of a substrate 2102

having a sensing region that includes three sensing elements 2103-1, 2103-2, and 2103-3 with

diameters indicated, and the area of the sensing region can be the sum of the area of each of the

three sensing elements. FIGs. 21B-C are cross-sectional views taken along line 21BC-21BC,

where electrodes and other components are omitted for simplicity. In FIG. 21B, each of the

three sensing elements 2103 has a planar surface. In FIG. 2 1C, each of the three sensing

elements 2103 as a domed or rounded surface the area of which can be approximated as the area

of a two-dimensional circle or calculated as a three-dimensional structure. FIG. 22A is a top

down view depicting an example embodiment of the surface of a substrate 2202 having a sensing

region that includes one sensing layer 2203, the area of which can be determined as the product

of the length 2204 and width 2205. FIGs. 22B-C are cross-sectional views taken along line

22BC-22BC, where electrodes and other components are omitted for simplicity. In FIG. 22B,

sensing layer 2203 is disposed above substrate 2202 while in FIG. 22C, sensing layer 2203 is

inset or disposed within a well created within substrate 2202. FIG. 23A is a perspective view

depicting an example embodiment of a section of a cylindrical or substantially cylindrical in vivo

sensor 2301 having a sensing region 2303 located between insulative (or non-sensing) portions

2302. FIG. 23B is a cross-sectional view taken along line 23B-23B of FIG. 23A and depicts

sensing region 2303 surrounding a core region 2305, which can be conductive material. In this



embodiment the area of sensing region 2303 can be calculated as the area of a cylinder with a

length 2304 and diameter 2306.

[0302] Referring back to measurements of membrane thickness, FIG. 24 is a cross-sectional

view depicting an example embodiment of an in vivo sensor 2401 having a substrate 2402, a

sensing region 2403, and a membrane 2404 that encompasses the terminal end of substrate 2402

and sensing region 2403. The thickness of membrane 2404 can be determined by taking one or

more measurements 2406 between the outer surface 2407 of membrane 2404 and surface 2408 of

substrate 2402. Examples of various measurement locations are depicted by arrows 2406-1

through 2406-4, which can be aligned or coincide with sensing region 2403 (locations 2406-2

and 2406-3) or outside of sensing region 2403 (locations 2406-1 and 2406-4). If multiple

measurements of membrane thickness are taken, then the value used as the individualized

manufacturing parameter can be a central tendency (e.g., median, mean) of those measurements.

In some cases it may be difficult to measure membrane thickness directly, in which case it can be

inferred by measuring the total thickness or diameter 2409 of the membrane 2404 between

surfaces 2407 and 2410 (if measured multiple times in a central tendency can be taken) and a

known, nominal, or estimated thickness 241 1 of substrate 2402 (or substrate 2402 and sensing

region 2403) can be subtracted from the total thickness 2409, and then halved) or otherwise

divided as appropriate) to estimate the thickness of membrane 2404 in the region between

surfaces 2407 and 2408 (or between surface 2407 and the upper surface of sensing region 2403).

FIG. 25A is a perspective view of an example embodiment of a sensor 2501 similar to that of

FIG. 23A but showing an outer membrane 2504. FIG. 25B is a cross-sectional view taken along

line 25B-25B of FIG. 25A that shows core region 2305 with sensing region 2303 located thereon

and membrane 2504 located on sensing region 2503. A thickness of membrane 2504 as

indicated by 2506.

Examples of Sensing Characteristics Derived from Testing

[0303] As described, one or more medical devices within the baseline subset can be tested to

empirically determine a sensing characteristic for that baseline subset. The testing is, in many

embodiments, capable of producing data that verifiably represents the ability of the medical

device to sense the biochemical attribute. In many in vivo analyte sensor and in vitro analyte

sensor (e.g., test strip) embodiments, the sensing characteristic can be the sensitivity of the



analyte sensor to the presence of the analyte. Often this testing will be performed in vitro and

will result in the collection of in vitro test data. The sensing characteristic derived or otherwise

resulting from the in vitro test data for the baseline subset can be referred to as an in vitro

sensing characteristic (e.g., in vitro sensitivity).

[0304] FIG. 26A is an example plot of in vitro test data obtained by in vitro testing

amperometric in vivo glucose sensors constituting a baseline subset. In this example, the

baseline subset includes five sensors and the in vitro test data sets corresponding to each of those

five sensors are labeled 2602-1 through 2602-5. The baseline subset may include quantities

other than five, without departing from the scope of the present subject matter. The in vitro test

data sets were obtained by applying various glucose solutions to each analyte sensor and

monitoring the electrical current produced as a result, which can be on the order of nanoamps,

picoamps, or otherwise depending on the sensor design. From time t O to time t l no solution is

applied to the sensors (or a solution having no glucose concentration is applied). At time t l a

first glucose solution having a first relatively low concentration (e.g., one millimole per liter

(mmol/L)) is applied to the in vivo sensor and the resulting response is recorded. At time t2 a

second glucose solution having a relatively higher concentration than the first solution is applied

to the in vivo sensor and the resulting response is again recorded. The process can proceed

iteratively at t3 and thereafter with ever increasing concentrations of glucose solution to obtain

empirical data representing the sensitivity of the in vivo glucose sensor across a wide range of

glucose concentrations. As can be seen, these embodiments of the glucose sensors react

differently to the presence of the glucose solution and these differences become more

pronounced as the concentration of the glucose solution increases. Note that the x-axis indicates

time and not glucose concentration, so while the in vitro test data may appear to be slightly

nonlinear, the resulting sensitivity derived from the in vitro test data can still be linear.

[0305] FIG. 26B is an example plot of sensitivities 2604-1 through 2604-5 corresponding to

the in vitro test data sets 2602-1 through 2602-5 of FIG. 26A. Sensitivities 2604-1 through

2604-5 can be determined by performing a regression (e.g., linear or non-linear) independently

on each respective in vitro test data set 2602-1 through 2602-5. In some embodiments, such as

for nonlinear sensitivities, the in vitro data set can be portioned to separate response zones, with

each zone being modeled with a linear sensitivity to approximate the nonlinear curve, such that



the resulting calibration information will differ depending on the degree of response (e.g.,

current) being measured.

[0306] In the example of FIG. 26B, the various sensitivities 2604 are each linear or

substantially linear. The in vitro sensitivity (or other sensing characteristic) of the baseline

subset can be determined in any desired fashion. In some embodiments, the baseline in vitro

sensitivity can be a central tendency of sensitivities 2604-1 through 2604-5, such as a mean or

median of sensitivities 2604-1 through 2604-5. The median in this example would be sensitivity

2604-3. In some embodiments, the baseline in vitro sensitivity can be a central tendency (e.g.,

mean or median) of one aspect or characteristic of sensitivities 2604-1 through 2604-5, such as

the central tendency of the slopes of sensitivities 2604-1 through 2604-5 or the central tendency

of the intercepts of sensitivities 2604-1 through 2604-5. Other aspects of the sensitivities can

also be used as the in vitro sensitivity for the baseline subset. In some embodiments, instead of

deriving individual sensitivities 2604-1 through 2604-5 from each of the in vitro test data sets

2602-1 through 2602-5, a single regression can be performed for the entirety of the in vitro test

data from the baseline subset and this single regression, or an aspect thereof, can be used as the

baseline in vitro sensitivity. In all of these embodiments, the in vitro test data sets or the in vitro

sensing characteristics determined therefrom (such as those shown in FIG. 26B) can be filtered

to remove one or more values (e.g., values below a minimum threshold, above a maximum

threshold, within a threshold, atypical values, etc.) prior to determining the baseline in vitro

sensitivity.

Additional Example Embodiments Relating to Individualized Factory Calibration

[0307] Turning back to example embodiments for individualized calibration, FIGs. 27A,

27B, and 27C are flow diagrams depicting example embodiments of methods 2700, 2710, and

2720, respectively, of determining individualized calibration information, such as could be

performed in step 2009 of the embodiment of FIG. 20A, or step 2019 of the embodiments of

FIGs. 20B and 20C. In many embodiments, methods 2700, 2710, and 2720 are performed

independently for each medical device in the distribution subset. The methods refer to a

"respective" medical device, which, in this and the other embodiments described herein, is one

particular medical device in the subset (e.g., distribution or baseline) that changes each time the

method is performed. Here, the "respective" medical device is a first medical device of the



distribution subset the first time method 2700 is performed, the respective medical device then

becomes the second medical device the second time method 2700 is performed, and so forth until

method 2700 has been performed independently on all medical devices in the distribution subset.

The same applies to methods 2710 and 2720. Methods 2700, 2710, and 2720 are described with

respect to a representation of an individualized manufacturing parameter but can also be applied

with a non-individualized (e.g., environmental) manufacturing parameter. Likewise, methods

2700, 2710, and 2720 are described with respect to a representation of an in vitro sensing

characteristic but can also be applied with other sensing characteristics (or representations

thereof).

[0308] Turning now to FIG. 27A, at 2702, an in vitro sensing characteristic (or a

representation thereof) of a respective medical device in the distribution subset is determined

using at least a representation of the individualized manufacturing parameter for the respective

medical device and a representation of the in vitro sensing characteristic of the baseline subset.

At 2705, individualized calibration information is determined for the respective medical device

that corresponds to the representation of the in vitro sensing characteristic of the respective

medical device. This individualized calibration information can be determined directly from the

in vitro sensing characteristic of 2702, or the in vitro sensing characteristic can be modified or

converted to another value, in one or more steps, and the resulting modified or converted value

can then be used to determine the individualized calibration information.

[0309] FIG. 27B depicts method 2710, which can have particular applicability to an in vivo

medical device. Here, at 2712 an in vitro sensing characteristic (or a representation thereof) of a

respective medical device in the distribution subset is determined using at least a representation

of the individualized manufacturing parameter for the respective medical device and a

representation of the in vitro sensing characteristic of the baseline subset. This can be performed

by applying a model to at least the representation of the individualized manufacturing parameter

and the representation of the baseline in vitro sensing characteristic into a model or equation,

such that the in vitro sensing characteristic for the respective medical device (or a representation

thereof) is produced by the model. At 2714, a representation of an in vivo sensing characteristic

of the respective medical device can be determined using at least a representation of the in vitro

sensing characteristic of the respective medical device. At 2715, individualized calibration



information is determined for the respective medical device that corresponds to the

representation of the in vivo sensing characteristic of the respective medical device.

[0310] FIG. 27C depicts method 2720, which can have particular applicability to an in vitro

medical device where the in vitro sensing characteristic is modified prior to determining

individualized calibration information. Here, at 2722 a first in vitro sensing characteristic (or a

representation thereof) of a respective medical device in the distribution subset is determined

using at least a representation of the individualized manufacturing parameter for the respective

medical device and a representation of the in vitro sensing characteristic of the baseline subset.

As with the prior example, this can be performed by inputting at least the representation of the

individualized manufacturing parameter and the representation of the baseline in vitro sensing

characteristic into a model or equation that outputs the first in vitro sensing characteristic for the

respective medical device (or a representation thereof). At 2724, a second in vitro sensing

characteristic (or a representation thereof) of the respective medical device can be determined

using at least a representation of the first in vitro sensing characteristic of the respective medical

device. At 2725, individualized calibration information is determined for the respective medical

device that corresponds to the representation of the second in vitro sensing characteristic of the

respective medical device. An example application for method 2720 is with an in vitro test strip,

where the first in vitro sensing characteristic corresponds to test results obtained by in vitro

testing with a glucose solution, which can then be modified (such as with a transfer function

described in more detail herein) to the second in vitro sensing characteristic, which corresponds

to the sensing characteristic in the presence of the sampled bodily fluid (e.g., blood).

[031 1] For embodiments where the manufacturing parameter is a quantitative value or

measurement, the representation of the manufacturing parameter (or individualized

manufacturing parameter) can be an actual measured value of the manufacturing parameter, a

relative indication of the measured manufacturing parameter, or other information calculated or

derived from the actual measured value. In certain example embodiments, it may be desirable to

use the relative difference of a quantitatively measured manufacturing parameter from a central

tendency (e.g., mean, median, etc.) of the quantitatively measured manufacturing parameter for a

larger group (e.g., the entire lot or the entire distribution subset, etc.). The manufacturing

parameter can be an area of a sensing region of the medical device for example. Instead of using

the actual measurement of the area of the sensing region (or the measured length and width of



the sensing region) to determine the calibration information, it may be desirable to use the

relative difference of the measured sensing area from a central tendency of the sensing area for

the larger group. For a quantitative manufacturing parameter (MP) that varies between

individual medical devices, a relative representation of that manufacturing parameter (RMP) can

be determined according to (1) immediately below:

(MP of Individual Medical Device —Central Tendency of MP of Group)
RMP = 100 *

Central Tendency of MP of Group

[0312] As already noted, other manufacturing parameters for various devices, such as

membrane thickness, working pad area, working ink resistance, etc., can be used with or instead

of the sensing area. Similarly, the representation of the baseline in vitro sensing characteristic

can be the actual in vitro sensing characteristic determined for the baseline subset, a relative

indication of the degree of variation of that in vitro sensing characteristic from another sensing

characteristic (e.g., such as a benchmark), or otherwise. Likewise, the representation of the in

vivo sensing characteristic can be an estimated in vivo sensing characteristic, a relative

indication of the degree of variation of the in vivo sensing characteristic from another sensing

characteristic (e.g., a benchmark), or otherwise.

[03 13] Steps 2702, 2712, and 2722 of methods 2700, 2710, and 2720, respectively, can be

performed by inputting at least the representation of the individualized manufacturing parameter

and the representation of the baseline in vitro sensing characteristic into a model (or equation)

that outputs a representation of the in vitro sensing characteristic for the individual medical

device. Many different models (or equations) can be used, including but not limited to a linear

regression model; a multiple variable regression model, a random forest model, a non-linear

model, a Bayesian regression model, a neural network, a machine learning model, a non-random

decision tree, or a discriminant analysis model, to name a few. Examples of models

incorporating or determined by multiple variable regression analysis are described below, while

examples of these other models are further discussed in the appendix section.

[0314] Many example embodiments described herein determine the sensing characteristic for

the individual medical device by utilizing a manufacturing parameter of that individual medical

device centered around the empirically determined baseline sensing characteristic. In some

embodiments, the individualized calibration information is determined directly from the



individualized manufacturing parameters without reference to the baseline sensing characteristic.

However, incorporation of the empirically determined baseline sensing characteristic into a

model, particularly when the representation of the manufacturing parameter is a relative

difference from the group at large, can minimize the effects of group-to-group (e.g., lot-to-lot)

variations. The following (2, 3) are examples of a multiple variable regression-based model that

can be used with embodiments described herein:

(2) SCMD = SCB + a + β RMPA )

(3) SCM = SC + (l + 0.l(a + β RMPA)))

where SCMD is the modeled or calculated in vitro sensing characteristic for the individual

medical device, SCB is the in vitro characteristic for the baseline subset, a is an optional

adjustment factor (zero or non-zero), RMPA is the representation of the manufacturing

parameter, and β is a coefficient for RMPA . β and a can be constants (positive or negative) that

are empirically determined, e.g., by comparison of estimated in vitro sensing characteristics for

medical devices with those that are empirically observed for the same medical devices. In these

examples (2, 3) and the other examples of models (4) - (7) below, RMP is a quantitative

measurement, as opposed to a qualitative descriptor, like the identity of manufacturing

equipment, or an indication of whether a device was reprocessed. In the above, eq. (3) takes the

form of a more relative correction than eq. (2). A constant value other than 0 .1 can be used in

eq. (3), and in eqs. (5) and (7) below.

[03 15] In some embodiments, higher order exponential terms can be included within the

model to account for nonlinearities in the manufacturing parameter data. The following (4, 5)

are examples of a model with a higher order term that can be used with all of the embodiments

described herein, where δ can be another empirically determined coefficient for the RMPA

squared term:

(4) SCMD = SC + + RMPA ) + δ RMP )

(5) SCMD = SCB + (l + 0.1( + β RMPA) + δ RMP ))

[03 16] In some embodiments, the model can make use of multiple different manufacturing

parameters, with or without higher order terms. The following (6, 7) are two examples of



models utilizing two different manufacturing parameters that can be used with all of the

embodiments described herein:

(6) SCMD = SC + + RMPA) + δ RMP^) + ( RMP ) + (ε R P ) + (p RMPA RMPB)

(7) SCMD = SCB + ( l + 0.0l ( + β RMPA) + δ RMP^) + ( RMPB) + (ε R ) +

p RMPA RMPB)))

where RMPA is a first manufacturing parameter, RMPB is a second manufacturing parameter, γ is

a coefficient for RMPB , ε is a coefficient for the RMPB exponential, and p is a coefficient for the

product of RMPA and RMPB . Each of these coefficients can also be empirically determined, can

be constants, and can be positive or negative. These coefficients can be determined and then

applied across all production lots. In other embodiments, these coefficients can be determined

on a lot-by-lot basis such that the coefficients are constant for all devices in a lot (or other group)

but may differ for all devices in a different lot (or group). The coefficients can also be

determined on an individual basis. The higher order product of RMPA and RMPB can assist in

capturing interactions between those manufacturing parameters. For example, the effect of a

relatively lower value of RMPA (as compared to a nominal value of RMPA ) may be greater when

RMPB has a relatively higher value (as compared to a nominal value of RMPB ) . Those of

ordinary skill in the art can expand and implement these models with three or more different

manufacturing parameters. Any and all of the coefficients described in (2)-(7) can be weighted,

e.g., to account for a confidence level.

[03 17] Referring back to FIG. 27B, at 2714 the in vivo sensing characteristic of the

respective medical device is determined using the representation of the in vitro sensing

characteristic (e.g., in vitro SCMD) of the respective medical device, and referring back to FIG.

27C, at 2724 the second in vitro sensing characteristic of the respective medical device is

determined using the representation of the first in vitro sensing characteristic (e.g., in vitro

SCMD) of the respective medical device. These and similar determinations described herein can

be made by applying the representation of the in vitro sensing characteristic of 2714 (or the first

in vitro sensing characteristic of 2724) to a transfer function. Transfer functions for use in

converting an in vitro sensing characteristic to an in vivo sensing characteristic, and for

converting between in vitro sensing characteristics are within the skill of those in the art. The



transfer function can be determined analytically. For example, a transfer function for converting

from an in vitro sensing characteristic to an in vivo sensing characteristic can take into account

factors that differ between in vitro and in vivo states like absolute glucose concentration,

temperature, oxygen, and interfering substances, to name a few. In addition to these, a transfer

function for converting between in vitro sensing characteristics, such as one for an analyte test

solution and one for a bodily fluid, can also take into account hematocrit percentage, for

example. The transfer function can also be determined empirically, for example, by performing

clinical studies and comparing the in vivo response to the in vitro data, or by comparing in vitro

responses to different substances. If the relationship is in the form of an offset, then the transfer

function can be accomplished by adding or subtracting a constant value. More complex transfer

functions can involve multiplication by a constant value, multiplication by a variable value (e.g.,

where the variable is dependent on the magnitude of the in vitro sensing characteristic), or

others.

[0318] In all of the embodiments herein, a representation of the sensing characteristic (e.g.,

SCMD, SCB, etc.) can be the sensing characteristic itself, (e.g., the sensitivity itself (e.g., a slope

and an intercept)), an aspect of the sensing characteristic, such as just the slope of the sensitivity

or just the intercept of the sensitivity, a relative variation of the sensing characteristic from a

reference value (e.g., nominal value, mean, average, etc.), a relative variation of the aspect of the

sensing characteristic (e.g., relative slope, relative intercept, etc.) from the reference value (e.g.,

nominal value, mean, average, etc.), or others. Referring back to methods 2700, 2710, and 2720,

individualized calibration information is determined from the in vitro sensing characteristic of

the individual medical device (step 2705 of method 2700), from the in vivo sensing characteristic

of the individual medical device (step 2715 of method 2710), or from a second in vitro sensing

characteristic (step 2725 of method 2720). The individualized calibration information can

capture the sensing characteristic in the form of a factor or code that can be recorded or stored in

a manner such that it is accessible to the processing circuitry that processes the raw or

conditioned data collected by the individual medical device. Many different techniques exist for

making calibration information accessible to the appropriate processing circuitry and the

technique that is implemented is generally dependent on the type of medical device and the

needs of the implementation. Several embodiments of devices and techniques for recording and



making individualized calibration information accessible to the processing circuitry are described

in greater detail below.

[0319] FIG. 27D is a flow diagram depicting another example embodiment of a method 2750

for determining individualized calibration information for an individual medical device. Method

2750 combines many of the aspects of embodiments discussed previously. At 2752, one or more

manufacturing parameters are obtained for N medical devices, where N = X devices of the

baseline subset + Y devices of the distribution subset. In some embodiments, the one or more

manufacturing parameters are obtained only for the Y devices of the distribution subset. The

manufacturing parameters can be individualized manufacturing parameters or non-individualized

manufacturing parameters (e.g., environmental factors, equipment identification, etc.), although

if only non-individualized manufacturing parameters are measured than the resulting calibration

information will also not be individualized. The manufacturing parameters can be obtained at

various different stages of the manufacturing process. By way of illustration, in one example

embodiment where the medical devices are in vivo analyte sensors, at least two different

individualized manufacturing parameters are measured: a size of the sensing region after

fabrication of the sensing region, and a size of the membrane after application of the membrane.

If N = 1000, then after fabrication of the sensing region for the N sensors and measurement

thereof, 1000 different measurements of sensing region sizes will have been obtained. After

placement (e.g., deposition) of the membrane on the N sensors and measurement thereof, 1000

different measurements of membrane sizes will have been obtained, or 2000 measurements in

total. Depending upon the quantity and types of measurement equipment, the 1000 different

sensing region measurements can be obtained in serial fashion, in concurrent fashion, or a

combination thereof, and the same applies to the measurements of membrane size or any other

manufacturing parameter.

[0320] At 2753, the X devices of the baseline subset are in vitro tested to obtain in vitro test

data. The in vitro testing can be performed in a manner similar to that described with respect to

FIG. 26A such that the data is an empirical representation of the in vitro sensing characteristic of

each of the X devices. Each of the X devices can be tested individually to produce an individual

in vitro test data set. Where X is greater than one, depending on the number and type of in vitro

test equipment, the in vitro testing of the X devices can occur in serial fashion, in concurrent

fashion, or a combination thereof. If each of the X devices is individually tested, then



performance of step 2753 will result in X individual in vitro test data sets. By way of illustration

only, X can be a relatively small fraction of N, such as 5, 10, or 20 medical devices when

N=1000, with Y being much larger, 995, 990, or 980, respectively. Other values of N, X, and Y

are within the scope of this disclosure.

[0321] At 2754, an in vitro sensing characteristic for the baseline subset is determined. In

some example embodiments, this can be accomplished by first converting the X individual in

vitro test data sets into X in vitro sensing characteristics (one for each of the X devices), and then

determining a single in vitro sensing characteristic for the entire baseline subset (e.g., SCB) from

the X in vitro sensing characteristics. For example, the baseline in vitro sensing characteristic

can be a central tendency (e.g., mean or median) of the X in vitro sensing characteristics. In

another embodiment, the baseline in vitro sensing characteristic can be determined by

performing a regression analysis on the X individual in vitro test data sets. Again, the in vitro

sensing characteristic can be the sensitivity or an aspect thereof (e.g., slope or intercept).

[0322] At 2755, the individualized calibration information for the Y medical devices of the

distribution subset is determined. In this embodiment, the individualized calibration information

for each particular medical device within the distribution subset is determined in a manner

similar to that described with respect to method 2700 of FIG. 27A.

[0323] With i=l, at 2756 an estimate of the in vitro sensing characteristic (e.g., SCMD) of the

i-th device of the Y devices is determined. This estimate can be accomplished, for example,

using a model such as those described herein. Then, at 2758 the individualized calibration

information of the i-th medical device is determined from the in vitro sensing characteristic. At

2759, a determination is made whether i = Y. If not, then i is incremented by one (e.g., i = i +1)

and method 2750 proceeds back to step 2756. The process repeats itself until i = Y, in which

case Y independent determinations of individualized calibration information will have been

made, one for each of the Y medical devices.

[0324] FIG. 27E is a flow diagram depicting another example embodiment of a method 2760

for determining individualized calibration information for an individual medical device. Method

2760 combines many of the aspects of embodiments discussed previously and steps 2752-2756

are similar to the embodiment of FIG. 27D. At 2755, the individualized calibration information

for the Y medical devices of the distribution subset is determined. In this embodiment, the



individualized calibration information for each particular medical device within the distribution

subset is determined in a manner similar to that described with respect to method 2710 of FIG.

27B and is particularly applicable to in vivo devices.

[0325] At 2756, with i=l, an estimate of the in vitro sensing characteristic (e.g., SCMD) of the

i-th device of the Y devices is determined. Again, this estimate can be accomplished using a

model such as those described herein. In the example embodiment where the medical devices

are in vivo analyte sensors and the manufacturing parameters are a size of the sensing region and

a size of the membrane, SCMD can be determined according to eqs. (6) or (7), where RMPA is a

size (e.g., area) of the sensing region and RMPB is a size (e.g., thickness) of the membrane.

Then, at 2764 the in vivo sensing characteristic for the i-th medical device is determined. This

can be accomplished, for example, by use of a transfer function. Then, at 2765 the

individualized calibration information of the i-th medical device is determined from the in vivo

sensing characteristic. At 2759, a determination is made whether i = Y. If not, then i is

incremented by one (e.g., i = i +1) and method 2760 proceeds back to step 2756. The process

repeats itself until i = Y, in which case Y independent determinations of individualized

calibration information will have been made, one for each of the Y medical devices.

[0326] FIG. 27F is a flow diagram depicting another example embodiment of a method 2770

for determining individualized calibration information for an individual medical device. Method

2770 also combines many of the aspects of embodiments discussed previously and steps 2752-

2756 are similar to the embodiment of FIG. 27D. At 2755, the individualized calibration

information for the Y medical devices of the distribution subset is determined. In this

embodiment, the individualized calibration information for each particular medical device within

the distribution subset is determined in a manner similar to that described with respect to method

2720 of FIG. 27C and is particularly applicable to in vitro devices.

[0327] At 2756, with i=l, a first estimate of an in vitro sensing characteristic (e.g., SCMD) of

the i-th device of the Y devices is determined. Again, this estimate can be accomplished using a

model such as those described herein. Then, at 2774 a second in vitro sensing characteristic for

the i-th medical device is determined. This can be accomplished, for example, by use of a

transfer function. Then, at 2775 the individualized calibration information of the i-th medical

device can be determined from the second in vitro sensing characteristic. At 2759, a



determination is made whether i = Y. If not, then i is incremented by one (e.g., i = i +1) and

method 2760 proceeds back to step 2756. The process repeats itself until i = Y, in which case Y

independent determinations of individualized calibration information will have been made, one

for each of the Y medical devices.

[0328] In the example embodiments of FIGs. 27D-27F, the substeps within 2755 are

performed once, in sequence, for one individual medical device before performing those substeps

again for the next individual medical device. In other embodiments, each substep can be

performed Y times before proceeding to the next substep. For example, with respect to FIG.

27F, step 2756 can be performed Y times for all of the Y medical devices before steps 2774 or

2775 are performed. For example, step 2756 can be performed Y times, then step 2774 can be

performed Y times, then step 2775 can be performed Y times. In many embodiments, the

substeps of 2755 (e.g., 2756, 2774, and 2775) will be performed by processing circuitry

executing software instructions, and those of ordinary skill in the art will recognize the many

different ways these steps can be implemented by those instructions without departing from the

scope of the subject matter described herein.

[0329] FIGs. 28A and 28B are flow diagrams depicting additional example embodiments of

methods relating to the determination of individualized calibration information. These methods

utilize direct analysis of clinical data to determine or derive a baseline sensing characteristic for

all or a majority of the medical devices produced by the manufacturing process, which in turn

minimizes, or eliminates altogether, the need for regular in vitro testing of baseline subsets from

each production lot (or various lots).

[0330] FIG. 28A depicts a method 2800 for determining a baseline sensing characteristic

from clinical data. At 2802, one or more individualized manufacturing parameters are measured

(or otherwise obtained) from each medical device in a first multitude of medical devices. The

resulting manufacturing parameter data is stored or archived for later use. Then, at 2804, the

medical devices from the first multitude are used in clinical testing and the clinical test data

resulting there from is also stored or archived. At 2806, a baseline sensing characteristic can be

determined from the clinical test data. As with the other embodiments described herein, the

baseline sensing characteristic can be for in vivo or in vitro states of the medical device, and can

be, for example, a sensitivity or an aspect of the sensitivity of the medical device.



[0331] For example, the clinical testing is preferably performed on a sizable population of

participants to obtain a robust data set. Traceability between each participant and the specific

medical device or devices used by that participant is preferably maintained. In this manner, the

medical device used by each participant can be tracked and the manufacturing parameters

measured from that medical device can be correlated to the resulting clinical data produced by

that medical device and otherwise collected in the clinical test. Then statistical and/or other

analyses can be performed to determine the baseline sensing characteristic from that clinical

data. In some examples, the baseline sensing characteristic can be a central tendency of the

clinical data such as a mean or a median. The baseline sensing characteristic is preferably

representative of the medical devices produced by the manufacturing process as a whole. The

manner and degree to which the measured manufacturing parameters impact the sensing

characteristic can be ascertained by reference and analysis to the archived manufacturing

parameters and clinical test data.

[0332] FIG. 28B depicts a method 2810 for determining individualized sensing

characteristics from at least a baseline sensing characteristic (or a representation thereof), such as

that determined in method 2800. At 2812, one or more manufacturing parameters are measured

or otherwise obtained from each medical device in a second multitude of medical devices. At

2814, an individualized sensing characteristic is determined from at least one or more of the

manufacturing parameters obtained in step 2812 and the baseline sensing characteristic, e.g.,

determined from the first multitude of medical devices. This can be performed, for example,

with a model such as those models described herein, and with those manufacturing parameters

identified as substantially impacting the baseline sensing characteristic. Then, at 2816,

individualized calibration information can be determined for each individual medical device

from at least the individualized sensing characteristic determined for that respective medical

devices. This individualized calibration information can then be associated with the respective

medical device as described elsewhere herein.

[0333] The second multitude of medical devices can be a portion of a production lot or the

entirety of a production lot, and in some embodiments can be multiple production lots.

Furthermore, in many embodiments the production lots can be manufactured and released for

distribution to users without regular in vitro testing or other testing of a baseline subset from the

production line that renders those devices in the baseline subset unsuitable for distribution to



users. Or, if such testing is not eliminated entirely, the amount of testing required for each

production lot or across multiple production lots can be significantly reduced as compared to

techniques where a baseline sensing characteristic is not determined directly from clinical data.

In both cases because such testing is reduced or eliminated, a corresponding increase in

production yield is obtained. The embodiments described with respect to FIGs. 28A and 28B

can be implemented with any of the in vivo or in vitro medical devices described herein.

[0334] FIG. 29A is a block diagram depicting an example embodiment of a computer system

2900 that can be used to implement the calibration embodiments described herein. Computer

system 2900 is shown here as a single system but can also be implemented in distributed fashion.

System 2900 can include an input port 2902, processing circuitry 2904, non-transitory memory

2906, and an output port 2908. Input port 2902 can be communicatively coupled with

processing circuitry 2904 and memory 2906. Examples of data that can be supplied to input port

2902 include: the representations of manufacturing parameters 2910 collected during or after the

medical device manufacturing process, the in vitro test data 2912 collected during in vitro testing

of the baseline subset of medical devices. Other examples that are not shown can include data

identifying the individual medical devices, data logs tracing the flow of each medical device

through the manufacturing process and the medical device's current location, identification of

the production lot to which each medical device belongs, data identifying electronics to be used

with the medical devices, assignments of particular medical devices to associated electronics,

and data logs tracing the flow of each electronics unit through the manufacturing process and the

unit's current location, to name a few. This input data can be stored within memory 2906 and

read by processing circuitry 2904 by way of internal bus 2914. Memory 2906 can also store

software instructions that, when executed by processing circuitry 2904, cause processing

circuitry 2904 to perform various steps, including all or a portion of the steps of making

determinations, estimations, calculations, use of models, use of transfer functions, causing the

storage of data, receiving data, and causing the output of data described herein. For example,

processing circuitry 2904 can perform any and all of steps 2008 and 2009 of FIG. 20A; 2018 and

2019 of FIG. 20B; 2018, 2019 and 2020 of FIG. 20C; 2702 and 2705 of FIG. 27A; 2712, 2714,

and 2715 of FIG. 27B; 2722, 2724, and 2725 of FIG. 27C; 2753, 2754, 2755, 2756, 2758 and

2759 of FIG. 27D; 2753, 2754, 2755, 2756, 2764, 2765 and 2759 of FIG. 27E; 2753, 2754, 2755,

2756, 2774, 2775 and 2759 of FIG. 27F; 2806 of FIG. 28A; and 2814 and 2816 of FIG. 28B.



[0335] Processing circuitry 2904 can determine the calibration information from the

appropriate sensing characteristic in a number of ways. In some embodiments, one of a number

of predetermined codes are identified that most closely approximate or match the sensing

characteristic, such that the relatively large number of potential sensing characteristic values can

be reduced to a more limited number of options without sacrificing significant performance. The

predetermined code can be in the form of the sensing characteristic set itself, for example, if a

slope of five is to be indicated, then the number five can be used as the calibration information.

In other embodiments, the predetermined code is an alphanumeric value or string that does not

indicate the calibration information itself, but rather is set by system 2900 such that it can be

used by the device (e.g., reader device, meter, sensor control device, etc.) to look up the

corresponding calibration information, for example by reference to a translation matrix. In some

embodiments, an in vivo sensor and the on body electronics having that in vivo sensor's

calibration information stored in memory thereof can be provided in separate packaging, in

which case both the packaging for the in vivo sensor and the packaging for the on body

electronics can have the calibration information or some other code printed thereon so that, in

case the two are separated, the user can identify which sensor goes with which on body

electronics.

[0336] Processing circuitry 2904 can also cause the output of determined calibration

information (e.g., calibration codes) 2914 from output port 2908. Processing circuitry 2904 can

be implemented as a single discrete processor device or in distributed fashion as processing

circuitry shared amongst multiple devices. Likewise, memory 2906 can be implemented as a

single discrete memory or multiple memories, or as a single database or multiple databases, or

combinations thereof. Memory 2906 can be located on the same chip or device as other

functional circuitry, including processing circuitry 2904. Memory 2906 can be partially within

computer system 2900 or distributed at other locations (such as separate databases) accessible by

the manufacturer's network.

[0337] The individual medical devices can be traceable through the manufacturing process,

such that the correlation of the manufacturing parameter with the individual medical device from

which it was collected is maintained. In some embodiments, each individual medical device can

be uniquely identifiable by an identifier physically associated with it. In certain examples of in

vitro strips, the strips are manufactured on a printed card or substrate and then subsequently



separated into the individual strips, and one identifier can be associated with that card or

substrate. Each strip can then be uniquely traced by the identifier of the card and data indicating

the relative position of the strip on that card.

[0338] The identifier can be in the form of a barcode, printed QR code, optical character

recognizable (OCR) text such as an alphanumeric string, a resistive code (such as described in

U.S. Publ. No. 2014/0200917, which is incorporated by reference herein in its entirety and for all

purposes), a radio frequency (RF) readable device (e.g., an RFID element or a Near Field

Communication (NFC) element), or the like. The identifier (or a second identifier) can also

identify the production lot with which the medical device is associated. Each time the medical

device is subjected to a particular manufacturing stage and/or each time manufacturing parameter

data is obtained, the identifier is read and a log can be created (or an existing log retrieved and

appended) with an indication of the current date and time, the identification of the manufacturing

stage, the identity of manufacturing equipment used to process the medical device, the length of

time medical device spends in the manufacturing stage, and/or any manufacturing parameters

that are obtained in relation to the processing of that medical device in that particular

manufacturing stage.

[0339] FIGs. 29B-29D are block diagrams depicting conceptual process and information

flows with respect to the manufacturing of biochemical sensors. Although not limited to such,

FIG. 29B is particularly suited for in vivo sensors. Referring first to FIG. 29B, section 2920

generally depicts stages of manufacturing and collection of manufacturing parameter data. A

group of medical devices (e.g., a production lot) is processed through a first manufacturing stage

at 2922 and manufacturing parameters for the medical devices within the group are than

measured or otherwise obtained at 2924. Depending on the type of manufacturing parameter

being collected, step 2924 can occur concurrently with manufacturing stage 2922 or afterwards.

The group of medical devices then proceeds to a second manufacturing stage 2926, and again

manufacturing parameter data can be collected at 2928 either concurrently or after conclusion of

stage 2926. This process can continue through all manufacturing stages until, at 2930,

construction of the medical devices is complete, or completed to the point where in vitro test data

can be obtained. As manufacturing parameter data is collected, e.g., at 2924 or 2928, that

manufacturing parameter data can be output to computer system 2900 for storage, as shown by

information paths 2925 and 2929, respectively. The test or monitoring equipment that obtains



the manufacturing data can be communicatively coupled or linked to computer system 2900 over

a data network of the manufacturer.

[0340] In vitro testing of the baseline subset of medical devices is performed at 2932 and the

resulting in vitro test data can be output via information path 293 1 to computer system 2900.

Again the equipment that records the results of the in vitro testing can be communicatively

coupled with computer system 2900 over the data network. In alternative embodiments (e.g.,

those described with respect to FIGs. 28A-28B) where in vitro testing is not performed (or only

minimally performed and not relied upon in determining individualized calibration information),

the in vitro testing at 2932 or the communication of in vitro test data over path 2931 can be

omitted in FIGs. 29B-D. In addition, the baseline subset may be eliminated altogether and the

distribution subset can be the entirety of the production lot.

[0341] Computer system 2900 can then take the manufacturing parameter data and in vitro

test data and determine the individualized calibration information for each medical device in the

distribution subset. Computer system 2900 can assign each medical device in the distribution

subset to a particular electronics unit (e.g., 1110). Alternatively, this assignment task can be

performed in another manner, manually or automatically by manufacturing equipment, at another

location within the manufacturing assembly line. The identity of the electronics unit assigned to

each medical device can be communicated to computer system 2900.

[0342] In some embodiments, the individualized calibration information is stored in the non-

transitory memory of the electronics unit (e.g., the memory of on body electronics 1110) to

which the individual medical device is assigned. The individualized calibration information can

be provided by computer system 2900 to the device responsible for writing the data within the

non-transitory memory of the electronics unit as indicated by 2933. That data can then be

written to the electronics unit at 2934 (e.g., a point of release stage), such as by wirelessly

transmitting to the electronics unit or inputting the data over a wired access port, such as a

universal serial bus (USB) port if available, or an internal data port, such as a serial boundary

scan port. The individual medical device can then be packaged with the associated electronics

unit to physically maintain the assigned relationship (this step can also be performed prior to

writing the data to the electronics unit). The final assembly can then be distributed to users at

stage 2940.



[0343] The devices can be distributed to the users in the form of a kit or package that can

include one or more sensors. For example, in vivo devices can be distributed (e.g., sold) to users

in a common packaging that includes multiple (two, three, four, five, six, seven, eight, nine, ten,

eleven, twelve, or more) in vivo sensors and their associated electronics units (e.g., sensor

control devices). Each electronics unit can have a non-transitory memory on which the

individualized calibration information is stored that is based on at least a measured

individualized manufacturing parameter of the associated in vivo sensor and is specific to that

associated in vivo sensor. In some embodiments, the in vivo sensor can be packaged separately

from the associated electronics unit, which can also be packaged, with both packaged within the

common packaging. In these embodiments some user assembly may be performed prior to or

concurrent with use.

[0344] FIG. 29C depicts a flow where the individualized calibration information is output

from system 2900 at 2943 and associated directly with the medical device itself at 2944, and is

particularly applicable to medical devices such as in vitro test strips that do not have an

electronics unit already associated therewith. There are many approaches that can be employed.

In some embodiments, prior to leaving the manufacturing process, the individualized calibration

information can be determined and printed directly on the medical device, such as in the form of

a printed alphanumeric code, printed 2D barcode or 3D QR code, or a data matrix code. A

resistive code (such as described in the incorporated U.S. Publ. No. 2014/0200917) can be placed

on the medical device and read by circuitry on the meter. In other embodiments, the

individualized calibration information can be associated with the medical device by attaching an

RF tag (e.g., RFID or NFC) that has the calibration information stored therein. In addition, ROM

calibrators could be used, such as individual ones programmed to correspond to individual

sensors.

[0345] As already described, in some embodiments in vitro strips can be segregated and

grouped according to their individualized calibration codes, and then groups having the same

calibration code can be packaged and sold as one unit. In these embodiments, the individualized

calibration information can be associated directly with each individual strip or associated with

the packaging for the group of strips, e.g., using any of the printed, RF, or ROM calibrator

approaches described.



[0346] In order to program the code in the meter or other processing device, printed

alphanumeric codes could be entered by the user, selected from a list of options provided to the

user, or read by OCR by a camera on the meter or in the strip port (so that they can be read

automatically upon strip insertion). Similar camera-based or bar-code based approaches could

be employed for QR codes or printed barcodes or data matrix codes. If RF tags (e.g., RFID or

NFC) are used, then the meter or processing device would include an RF tag reader, which could

potentially be included in the strip port for automatic reading upon strip insertion. One such

approach is described in U.S. Patent No. 8,1 15,635, which is incorporated by reference herein in

its entirety for all purposes. In other examples, ROM calibrators can be used. In some

examples, a computing device, such as a mobile phone, can obtain the calibration information

using one of the aforementioned techniques (e.g., optical scan, NFC or RFID communication,

etc.) and a meter can include Bluetooth communication circuitry and establish a Bluetooth link

with the computing device. The obtained calibration information can be transferred from the

computing device to the meter over the Bluetooth link. In another example, the computing

device such as a mobile phone can obtain the calibration information from a server (via the

cloud, as described with respect to FIG. 29D below) if the computing device has the identifier for

the in vitro medical device (which can also be obtained by one of the aforementioned techniques)

and communicates it to the server, and then after receiving the calibration information the

computing device can transfer it to the meter over the Bluetooth link.

[0347] FIG. 29D depicts an example embodiment where the calibration information can be

provided to a processing device 2949 in the field that is being used to process biochemical data

collected by the individual medical device after its distribution. For example, a reader device, a

meter, or other processing device can obtain the identifier of the individual medical device. If

that individual medical device has an associated electronics unit, then the identifier can be

requesting from or otherwise provided by the electronics unit (e.g., 1 1 10). Otherwise, the

identifier can be obtained directly from the medical device, such as by a user manually reading

the identifier from the medical device or its packaging and inputting it into the processing device

2949, or the processing device 2949 can read the identifier from the medical device or the

packaging in one of the manners already described. At 2950, the processing device 2949 can

transmit the identifier to computer system 2900 (or a trusted server) over the Internet or a cloud

network 2942. Computer system 2900 can read the identifier, select the appropriate



individualized calibration information, and output, at 2954, that calibration information back to

the processing device 2949, which can then algorithmically process the data collected by the

medical device and render it to the user via a display (or output to another device).

Improvements Related to Calibration

[0348] Studies have confirmed that the calibration embodiments described herein result in

tangible improvements in the accuracy of biochemical sensing measurements made by the

medical devices. This represents an improvement in the operation of the calibrated medical

devices themselves, and further results in an improvement in the operation of the monitoring

systems and monitoring devices incorporating these medical devices, as well as an improvement

in the operation of the computing devices that process or otherwise utilize the improved accuracy

data produced by the calibrated medical devices. Improvements through lessening variations

between medical devices were also confirmed, as were improvements to the manufacturing yield

of the medical devices. These and other improvements constitute grounds upon which the

present subject matter is patent eligible, such as under 35 U.S. C . section 101 in the United States

and similar requirements in other jurisdictions.

[0349] For example, studies of in vivo analyte sensors were conducted that explored

relationships between the in vivo glucose sensitivities of those sensors obtained through clinical

studies, and various manufacturing parameters collected during manufacturing of those same

sensors. Subjects in the clinical studies were asked to take an in vivo measurement with an

implanted in vivo sensor immediately after performing a blood glucose (BG) reference test using

a finger stick and test strip. The relative bias between the BG reference test and the subsequent

in vivo sensor reading was modeled against the various manufacturing parameters for that in

vivo sensor. Correlation (traceability) between the clinical data and the manufacturing data was

maintained using lot reports, unique identifiers for the in vivo sensor, and unique identifiers for

the in vivo systems incorporating that sensor.

[0350] Various statistically significant associations were identified. FIGs. 30A-30B are plots

depicting example data sets demonstrating statistically significant associations between in vivo

results and manufacturing parameters. FIG. 30A depicts, on the y-axis, a relative bias between

in vivo readings and corresponding in vitro blood glucose (BG) measurements plotted against, on

the x-axis, a representation of the area of the sensing region (e.g., mm2) for each of the sensors



studied. More particularly, the x-axis indicates the relative difference in area between each

individual sensor and a central tendency of the production lot from which it came. FIG. 3OA

indicates a positive correlation between sensing area and in vivo sensitivity, such that a relatively

larger sensing area correlates to a relatively higher in vivo sensitivity, while a relatively lower

sensing area correlates to a relatively lower in vivo sensitivity.

[0351] FIG. 3OB depicts, on the y-axis, the relative bias between in vivo readings and

corresponding in vitro blood glucose (BG) measurements plotted against, on the x-axis, a

representation of the thickness of the membrane (e.g., µιη) for each of the sensors studied. In

this example, the total lateral thickness of the sensor is measured at multiple locations at and near

the sensing region and an average value is determined. A representative value for the sensor

thickness beneath the membrane (e.g., a nominal substrate thickness) is then subtracted from the

average value to provide the average membrane thickness for each particular sensor, which was

then used as the representation of the thickness of the membrane. FIG. 3OB indicates a negative

correlation between membrane thickness and in vivo sensitivity, such that a relatively larger

membrane thickness correlates to a relatively lower in vivo sensitivity, while a relatively lower

membrane thickness correlates to a relatively higher in vivo sensitivity.

[0352] Individualized calibration information was determined (sensitivity slopes in this

example) for the sensors used in the clinical studies using both sensing area and membrane

thickness as the manufacturing parameters. The clinical studies were reanalyzed using each

sensor's individualized calibration information rather than a lot level calibration code. The

reanalysis showed that the difference in mean absolute relative difference (MARD) by lot

improved using the individualized calibration information. The reanalysis also showed that the

total standard deviation of relative difference between sensors also improved using the

individualized calibration information. In addition, the mean relative difference (MRD), or

precision performance, also improved.

[0353] An additional study was conducted using sensors from a single lot that were divided

into three groups: a first group where the individualized calibration information represents a

relatively high predicted in vivo sensitivity, a second group where the individualized calibration

information represents relatively low predicted in vivo sensitivity, and third group where the

individualized calibration information represents a median or moderate predicted in vivo



sensitivity between the first and second groups. In this study the sensors from the three groups

were used by subjects and the accuracy of the resulting data was analyzed and compared to data

from sensors that were factory calibrated on a lot-level basis. FIGs. 31A-31B are plots depicting

sample data sets used in the study, with MRD on the y axis and glucose level (mg/dL) on the X

axis. FIG. 3 1A depicts the MRD for each of the three groups when the lot-level calibration

information was used and FIG. 3IB depicts the MRD for each of the three groups when the

individualized, sensor-level calibration information was used. As can be seen here, use of the

individualized calibration information minimized the performance variation across the

production lot and also resulted in an improvement in MARD.

[0354] Use of the individualized calibration information resulted in an improvement in

production yield. Use of the individualized calibration information was found to improve

between sensor variation (e.g., sensor-to-sensor variation) within a production lot by

substantially lowering it and thus permitting more medical devices to pass tests for sensitivity

precision. Utilizing the embodiments of individualized calibration information, an improvement

in precision performance of greater than 20% has been obtained.

[0355] Still other statistically significant associations are possible and can depend upon the

specifics of the design of the medical device and the associated manufacturing process. Some

embodiments of medical devices within the scope of the present disclosure may have a sensing

region different from that described herein, and may have membrane different from that

described herein, or may lack a membrane altogether. Because the present subject matter is not

limited to any one design or manufacturing process, it is likely and indeed expected that other

statistically significant associations will exist for different designs and processes. Those of

ordinary skill in the art will readily recognize that the present subject matter is not limited to

determining individualized calibration information using only a size of the sensing region and or

size of the membrane.

[0356] In addition, the models used in the example embodiments herein can be continually

refined to capture variability not explained by the model. When in vivo or in vitro sensors are in

vitro tested and have their predicted in vitro sensing characteristic (e.g., SCMD) determined, a

residual sensing characteristic can be calculated. In some embodiments this residual sensing

characteristic (SCR) can be determined according to (5):



SCR = (Actual In Vitro SC —SC + Lot Level In Vitro SC

[0357] Here, the lot-level in vitro sensing characteristic (SC) can be a central tendency and

can be for the baseline subset, e.g., the baseline sensing characteristic SCB. A S described before,

the evaluated sensing characteristic can be the sensitivity or an aspect thereof (e.g., slope or

intercept). The residual sensing characteristic looks at the differences between the observed and

predicted sensing characteristics from the model and shows the level of variability not explained

by manufacturing parameters within the model. These differences can be evaluated as variability

around the lot level in vitro sensing characteristic and thus indicates a measure of how much

variation is unexplained by the model.

[0358] While many embodiments have been described with respect to sensors for

biochemical attributes, the embodiments can also be applicable to sensors for other physiological

attributes as well. Also, while many embodiments have been described with respect to

determining or utilizing calibration information, the embodiments can also be applicable to

determine or utilize other types of information that characterizes the medical device.

Example Embodiments of Modifying a Surface of a Sensor Substrate

[0359] Embodiments are also set forth herein that relate to modifying a surface of a sensor

substrate to assist in positioning of a sensing element (or portion thereof) on the sensor surface.

While not limited to such, these embodiments can be particularly useful when applying a liquid

to the sensor surface to form the sensing element. Electromagnetic radiation and/or mechanical

force can be applied to a surface to modify the surface in a particular area or location. That

modified area can affect how the liquid disperses or gathers on the surface. When used in the

fabrication of a sensor, this technique can permit more accurate and precise sizing (e.g., area

and/or depth) and positioning of sensing elements produced during manufacturing. It also

reduces the variability in size and location of each sensing element as compared to one or more

other sensing elements on the same sensor and/or sensing elements of other sensors. This, in

turn, can lead to reduced variation in sensitivities between sensors, and thus more accurate,

precise, and consistent analyte measurements for users.

[0360] FIGs. 32A-32F are schematic diagrams depicting various example embodiments of a

portion of a sensor substrate 3202 at various stages during manufacture of a sensing element.

Substrate 3202 can be, for example, on insertion tip 530 of the embodiment of sensor 500



described with respect to FIG. 5A, or can be part of any of the other embodiments of in vivo and

in vitro sensors described herein (e.g., the embodiments described with respect to FIGs. 4, 5B, 6-

10C, 15A-17, and 21A-25B).

[0361] A liquid or liquid agent is applied to the substrate to form the sensing element. This

liquid agent can have an electrochemical characteristic that detects or assists in detection of the

analyte (e.g., glucose) and can be referred to as an electrochemical agent. The electrochemical

agent can be a solution, such as water-based or otherwise. Embodiments of the surface

modification technique can be used with other agents as well, such as agents that form a sensor

membrane, treating agents, adjuvants, secondary electrochemical agents, fixing agents (e.g., a

crosslinker), or others. FIG. 32A depicts substrate 3202 prior to modification. Substrate 3202

can be any portion of a sensor upon which placement of a sensing element is desired, e.g., a base,

a coating or layer on a base, an electrode, and the like.

[0362] FIG. 32B depicts substrate 3202 after modification of area 3204 by the application of

electromagnetic radiation. Application of the electromagnetic radiation may result in a change to

the visible appearance of substrate 3202, although not always. In this example, area 3204 has a

ring-like shape formed by inner and outer boundaries 3205 and 3206, which in this embodiment

are concentric circles, separated by a distance 3207. Other shapes can also be used (as described

further below). Inner boundary 3205 defines an unmodified interior 3208 of area 3204, which is

the target area for placement of the sensing element. The area of substrate 3202 beyond outer

boundary 3206 is also unmodified.

[0363] Application of the electromagnetic radiation modifies a surface characteristic of the

substrate in area 3204 as compared to the adjacent areas that were not exposed to the

electromagnetic radiation. The surface characteristic can affect the mobility of the liquid in

various ways. For example, the modified surface characteristic can be such that the liquid is

attracted to the modified area even when the liquid is not in direct contact with the modified area

(e.g., a liquid on the surface but not in contact with the modified area can move towards the

modified area). Such a modified surface characteristic can also cause or increase attraction

between the liquid and the modified area when in direct contact as compared to an unmodified

area (e.g., a philic characteristic that facilitates spreading of the liquid across the modified area).

Although the modified and unmodified surface characteristics are such that the liquid moves



towards the modified area, the liquid may proceed only to the boundary of the modified area and

not move over the modified area itself (see, e.g., FIG. 32D). If the magnitude of the surface

characteristic is increased, such as by application of a relatively higher power (an example of one

of various factors that can control the characteristic), then in such embodiments the liquid can

move towards and over the modified area (see, e.g., FIG. 32E).

[0364] In other examples, the modified surface characteristic can be such that the liquid is

repelled by the modified area even when the liquid is not in direct contact with the modified area

(e.g., a liquid placed in a location not in contact with the modified area can move away from the

modified area; see, e.g., FIG. 32F). Such a characteristic can also cause or increase repulsion (or

decrease attraction) between the liquid and the modified area when in direct contact as compared

to an unmodified area (e.g., a phobic characteristic that causes beading of the liquid or impedes

spreading across the modified area). Further, a combination of these techniques can be used.

For example, multiple modified areas can be created with opposing characteristics to cause the

liquid to move from a first modified area to a second modified area (that also acts as a target

area).

[0365] FIG. 32C depicts substrate 3202 at a moment immediately after application of the

liquid 3209. Here, liquid 3209 has been applied to an area in the interior of area 3204 that is

smaller than that defined by inner boundary 3205. The shape of the applied liquid at this time

can be irregular and off-center. FIG. 32D depicts substrate 3202 after liquid 3209 has dispersed

on the surface of substrate 3202. In this embodiment, the modification to area 3204 attracts

liquid 3209 and causes liquid 3209 to disperse or spread out across the entire unmodified interior

3208 up to inner boundary 3205, where the dispersion ceases. The border of the dispersed liquid

3209 generally aligns with inner boundary 3205. Liquid 3209 can then dry and form a relatively

uniform sensing element across interior region 3208 for the sensor.

[0366] FIG. 32E depicts another example embodiment of substrate 3202 after application of

liquid 3209 as shown in FIG. 32C. In this embodiment, the modification to area 3204 attracts

liquid 3209 and causes liquid 3209 to spread out across the entire interior 3208 of area 3204 (as

depicted in FIG. 32D) but also past inner boundary 3205 to outer boundary 3206, where the

dispersion ceases. The border of the dispersed liquid 3209 generally aligns with outer boundary



3206. Liquid 3209 can then dry and form a relatively uniform sensing element across both

interior region 3208 and modified area 3204.

[0367] FIG. 32F depicts another example embodiment of substrate 3202 after application of

liquid 3209 as shown in FIG. 32C. In this embodiment, the modification to area 3204 repels

liquid 3209 and causes liquid 3209 to move to the center of interior 3208, where it forms a bead

or accumulation. In this embodiment, the target area is the area on which liquid 3209 is present,

which is in proximity to modified area 3204 but neither on nor immediately adjacent to (i.e.,

bordering) modified area 3204. Liquid 3209 can then dry and form a sensing element in this

center area.

[0368] The types of electromagnetic radiation used for surface modification can vary, as can

the surface compositions themselves. FIGs. 33A and 33B are photographs depicting example

embodiments of substrates 3202 having a series of ring-like surface modifications 3204-1, 3204-

2, and 3204-3 formed by the application of laser radiation. Various frequencies of laser radiation

can be used to accomplish the surface modification, such as ultraviolet, visible, and infrared.

FIG. 33A is a photograph of the laser modification to a bare polyethylene terephthalate (PET)

substrate 3202. FIG. 33B is a photograph of the laser modification to a carbon printed PET

substrate 3202, where the outline of the middle area 3204-2 has been annotated for ease of

visibility. Substrates such as ultraviolet (UV) curable dielectrics (and others) can also be used.

[0369] In the samples depicted in both FIGs. 33A-B, the surface modification to one ring-

shaped region 3204 was performed by directing the laser at the substrate in five adjacent circles

of progressively increasing diameter. Each adjacent circle was created by pulsing the laser at

discrete spots arranged in a circular pattern, although the adjacent circles (or the entire ring-

shaped region itself) can be created by continuous non-pulsed application of the laser, with or

without adjacent circles. Applied power, wavelength, and duration of application of the laser can

generally be used to modify the surface characteristic (e.g., whether it attracts or repels and by

how much). In pulsed embodiments, the size of a pulsed spot and the spacing between pulsed

spots can also be used to modify the surface characteristic. The size of a spot can be controlled

by focal length of the lens, the laser wavelength, the distance from lens to the working surface,

and the laser pulse energy. Similar techniques can be used to create the other shapes of region



3204 described herein. These regions 3204 can also be generated in other manners using laser or

non-laser sources.

[0370] FIGs. 34A and 34B are photographs depicting an example embodiment of a carbon

printed PET substrate 3202 with a series of six modified areas 3204-1 through 3204-6. FIG. 34A

shows substrate 3202 prior to dispensing an electrochemical agent, where unmodified interior

regions 3208-1 through 3208-6 are bare. FIG. 34B shows substrate 3202 after dispense of

individual drops of the electrochemical agent into interior regions 3208 by a piezoelectric nozzle.

Here, the interior regions are now covered by the electrochemical agent to form sensing elements

3209-1 through 3209-6. As can be seen in FIG. 34B, the border of elements 3209 closely aligns

with the interior boundary of modified areas 3204, and each element 3209 has the same or

similar size and shape. Although the embodiments described herein are not limited to such, the

modified surface characteristics for the embodiment of FIGs. 34A-34B were generated at

approximately 50-60 milliwatts (mW), measured in a position near-equivalent to the surface

itself, with an approximately 340-350 nanometer (nm) wavelength laser. Different wavelength

lasers (having wavelengths greater or less than 340-350 nm) and different powers (greater or less

than 50-60mW) can also be used to achieve the surface characteristics described herein.

Different wavelengths will typically require different powers to achieve the same effect.

[0371] Although the embodiments described herein are not limited to such, each element

3209 in FIG. 34B is generally circular with a nominal diameter of 170 microns and each element

3209 is nominally 250 microns apart (center to center). As mentioned, modified area 3204 can

have other sizes and shapes. FIG. 35A is a schematic view of an example embodiment where

modified area 3204 is shaped as a solid circle. In this embodiment, area 3204 can be modified so

as to attract the liquid such that the target area for the sensing element is area 3204. Instead of a

solid circle, other shapes can also be used, such as a solid ellipse, a solid polygon (e.g., triangle,

square, rectangle, trapezoid, pentagon, hexagon, etc.) with rounded or sharp corners, or a

combination thereof (e.g., a D-shape). Similarly, ring-shaped area 3204 need not be formed

from concentric circles, and can instead be formed by ellipses, polygons (e.g., triangle, square,

rectangle, trapezoid, pentagon, hexagon, etc.) with rounded or sharp corners, or a combination

thereof (e.g., a D-shape), where the inner and outer boundaries are concentric or eccentric. By

way of example, FIG. 35B depicts an embodiment where ring-shaped region 3204 is formed by

concentric ellipses, and FIG. 35C depicts an embodiment where ring-shaped region 3204 is



formed by concentric squares. Whether in the form of a ring or solid shape, the modified area

3204 can be configured such that it is or is part of the target area (the area in which the liquid

agent comes to rest) or the modified area 3204 can be configured such that an adjacent area or

non-adjacent area in close proximity (see, e.g., FIG. 32F) is the target area. In addition, if

multiple sensing elements are present on a substrate, then those elements can be arranged in any

desired pattern or grid (e.g., with one or more rows and/or one or more columns). FIG. 35D

depicts an example embodiment where the sensing elements are solid circles arranged in an X-

shaped grid.

[0372] FIG. 36A is a flow diagram depicting an example embodiment of a method 3600 of

manufacturing a sensor by modifying a surface with electromagnetic radiation. At 3602, the

method includes modifying an area of a surface of a sensor substrate with electromagnetic

radiation to create a modified area. Then, at 3604, the method includes applying a liquid to the

surface of the sensor substrate such that the liquid comes to rest in a target area on the surface,

where the target area is determined at least in part by the location of the modified area. Steps

3602 and 3604 can be repeated as necessary to form one single sensing element, or can be

repeated to form multiple sensing elements at different locations on the substrate.

[0373] The magnitude of the modified surface characteristic can be time dependent, such that

the characteristic degrades after modification. Thus, it can be beneficial to perform liquid

application step 3604 relatively quickly after modification step 3602 during the time when the

modified surface characteristic remains adequately present. While not limited to such, step 3604

should be performed within twenty-four hours of step 3602. In many embodiments step 3604 is

performed within several hours of step 3602, and in some embodiments step 3604 is performed

within one hour or less of step 3602, preferably within ten or fifteen minutes.

[0374] If desired, the application of liquid in step 3604 can occur in one or more iterations.

For example, the liquid can be applied as a sequence of two or more drops where the drops are

applied to form one sensing element before proceeding to a next sensing element (on the same or

different substrate). In examples where multiple sensing elements are present on one substrate,

then a first drop of the liquid can be applied to each sensing element (sometimes referred to as a

pass) and then a second drop can be applied to each sensing element (e.g., a second pass) and the

passes can be repeated until the desired number of drops are applied to each sensing element on



the substrate. Alternatively, each pass can include the application of multiple drops to each

sensing element, and multiple such passes can be used. In some embodiments, the multiple

drops (either in one pass or in sequential passes) can be applied to different locations to form one

sensing element. Such an approach can be useful for: sensing elements that are relatively large

as compared to the volume of the drop; sensing elements that have a longitudinal axis (e.g., as in

an embodiment similar to FIG. 32B where the sensing element is formed in the interior of the

elliptical ring, and drops are placed at different locations along the long axis of the elliptical ring

(between left and right in the figure)); sensing elements in a ring-shape where drops are placed in

a ring-shaped pattern along the surface of the ring-shape; or others.

[0375] FIG. 36B is a flow diagram depicting another example embodiment of method 3600

where the electromagnetic radiation is laser radiation. Method 3600 utilizes a laser marking

system that may, in some embodiments, include a user interface, alignment optics, control

hardware and software, a power source, and the laser. At 3612, a size of the modified area can

be entered into the laser marking system. This may be performed for each marking, or may be

performed once for a production run of many sensors. At 3614, the laser marking system can

focus (and/or align at the proper location) on a substrate of a sensor. At 3616, the laser marking

system can radiate a laser to create a modified area on the substrate. This may involve multiple

activations of the laser marking system (e.g., when using laser pulses, or when creating multiple

sensing elements where each is created with the continuous application of the laser, etc.), where

each activation also includes a step of focusing 3614. The resulting modified area can have a

modified surface characteristic as compared to one or more adjacent areas, and this modified

characteristic may act to attract or repel an electrochemical agent as desired. Modification of the

surface characteristic between those that cause relative attraction to those that cause relative

repulsion can be accomplished, in some embodiments, by adjustment of modulation of the laser

power and focus height. At 361 8, if two or more modified areas are to be created on a single

substrate, then either the substrate or the laser can be moved and step 3616 (and optionally step

3614) can be repeated to create the next modified area. At 3620, the substrate can be moved to

an electrochemical dispersion system, and the electrochemical agent can be deposited (e.g., in

the form of one or more drops dispensed from a nozzle) to a target area defined by each modified

area. As described this can occur within a few hours or less of the modification step(s). The



liquid can then be dried and transferred to the next manufacturing stage (e.g., application of a

membrane, etc.).

[0376] Another technique for modifying a surface of a sensor substrate is to apply

mechanical force to the substrate to create a well, indentation, impression for placement of a

sensing element. FIGs. 37A and 37B are top down views of an example embodiment of a

substrate 3702 before and after creation of a well 3704. Substrate 3702 can be, for example, on

insertion tip 530 of the embodiment of sensor 500 described with respect to FIG. 5A, or can be

part of any of the other embodiments of in vivo and in vitro sensors described herein (e.g., the

embodiments described with respect to FIGs. 4, 5B, 6-1 0C, 15A-17, and 21A-25).

[0377] In FIG. 37B, well 3704 has a round, more specifically circular, top down profile.

FIG. 37C is a cross-section of substrate 3702 taken across line 37C-37C of FIG. 37B, and shows

that, in this embodiment, well 3704 includes a flat bottom surface 3706 with a sidewall 3708 that

is perpendicular to bottom surface 3706. Well 3704 has a depth 3709 measured between bottom

surface 3706 and surface 3710 of substrate 3702 adjacent to well 3704. In this configuration,

well 3704 has a generally cylindrical interior space, where the height of the cylinder is height

3709.

[0378] While the top-down profile of well 3704 is circular, other top down profile shapes can

be used for well 3704 including, but not limited to: an ellipse, a polygon (e.g., triangle, square,

rectangle, trapezoid, pentagon, hexagon, etc.) with rounded or sharp corners, or a combination

thereof (e.g., a D-shape). Further, for each of the top-down profile shapes, different side profile

shapes can be implemented. In FIG. 37C, well 3704 has a generally rectangular side profile, but

in other embodiments the side profile can be a partial circle (e.g., a semi-circle), a partial ellipse,

other polygonal or partially polygonal shapes (e.g., square, trapezoid, five-sided shape, etc.) with

square or rounded corners, and combinations thereof (e.g., D-shaped). FIG. 37D-37F are cross-

sectional views of other embodiments of wells 3704 having circular top-down profiles such as

that depicted in FIG. 37B, but with: a five-sided shape (e.g., partial hexagon) (FIG. 37D), a D-

shape (FIG. 37E), and a partial elliptical shape where surface 3706 is both a bottom and side

surface (FIG. 37F).

[0379] FIG. 37G is a top down view of another example embodiment of a well 3704 and

FIG. 37H is a cross-section taken along line 37H-37H of FIG. 3G. Here, angle 3712 between



bottom 3706 and sidewall 3708 is approximately 120 degrees although any obtuse angle less

than 180 degrees can be used. The presence of the sloped sidewall 3708 gives well 3704 a top

down profile appearance of two concentric circles.

[0380] For any of these shapes and configurations, well 3704 can be filled with a liquid (e.g.,

electrochemical agent) that can be dried and used as a sensing element. FIGs. 38A-38D are

cross-sections depicting the example embodiment of FIG. 37C with different fill levels. In the

embodiment of FIG. 38A, well 3704 is under-filled, and sensing element 3209 only partially

covers bottom surface 3706. In the embodiment of FIG. 38B, well 3704 is under-filled, and

sensing element 3209 covers the entire bottom surface 3706, but fills only part of the depth 3709

of well 3704 (e.g., sensing element 3209 has a height that is less than depth 3709). Element

3209 is in contact with, or substantially in contact with, sidewall 3708. In other embodiments,

element 3209 can reside mainly on one side of bottom surface 3706 (without covering the entire

bottom surface 3706) and also be in contact, or substantially in contact, with sidewall 3708 on

that one side of well 3704. In the embodiment of FIG. 38C, sensing element 3209 covers the

entire bottom surface 3706, fills the entire depth 3709 of well 3704, and is flush with substrate

surface 3710 (e.g., sensing element 3209 has a height that is equal to depth 3709). In the

embodiment of FIG. 38D, well 3704 is over-filled, and sensing element 3209 fills the entire

depth 3709 of well 3704 and extends to a height greater than substrate surface 3710 (e.g., sensing

element 3209 has a height that is greater than depth 3709).

[0381] The size and shape of the well corresponds to the size and shape of the portion of the

tool that forces into the substrate, e.g., a cylindrical tool will create a reverse or negative

impression and produce a cylindrical well of the same size. FIG. 39A is a photograph of an

example embodiment of a tool 3900 for creating wells. This tool can be referred to as a tamping

instrument. Tool 3900 includes a shaft 3902 movable up and down in the Z direction. Shaft

3902 has an end portion 3904 that is shown in greater detail in the photograph of FIG. 39B. End

portion 3904 tapers to a tip 3906 with a generally flat bottom surface. End portion 3904 and tip

3906 will create a well similar to that described with respect to FIGs. 37G-37H, where the slope

of the taper determines the slope of sidewall 3708. Force applied to shaft 3902 will cause shaft

3902 to move downwards into a substrate (not shown) to create the well. While various types of

sources can be used to apply the force, in this embodiment a coil spring 3908 is compressed and

applies force against the large cylinder of shaft 3902 (see arrow in FIG. 39A). Tool 3900 can



also include a user interface, alignment optics, control hardware and software, and a power

source.

[0382] The well depth depends on the size of tip 3906, the spring constant, the degree of

compression of spring 3908, and how far tip 3906 is from the substrate prior to releasing the

compressed spring 3908. If a tapered tip 3906 is used, then the well diameter is dependent upon

these factors as well. In other embodiments, pneumatic force, electrically generated force, and

others force generating devices can be used.

[0383] FIGs. 40A and 40B are top down photographs depicting example embodiments of

wells 3704 produced with tool 3900. The photographs are at comparable magnification and

illustrate two examples of different size wells that can be produced by varying the

aforementioned factors. In FIG. 40A, well 3704 has a diameter of approximately 152 microns,

and in FIG. 40B well 3704 has a diameter of approximately 267 microns. In general, this

technique can be used to create wells of any desired size, depending on the dimensions of the

tamping instrument and the number of consistent sized tamping iterations the instrument will be

used for (e.g., factoring in wear).

[0384] FIG. 4 1A is a top down photograph depicting an example embodiment of a well 3704

formed with tool 3900 to a depth of approximately five microns prior to application of the

electrochemical agent. FIG. 41B is a top down photograph depicting the example embodiment

of FIG. 4 1A after dispensing the electrochemical agent 3209 over bottom surface 3706 and

partially filling well 3704. FIGs. 42A and 42B are top down photographs depicting an example

embodiment of a well 3704 formed with tool 3900 to a depth of approximately fifteen microns

prior to dispense and after partial filling with agent 3209, respectively. As can be seen in FIGs.

41B and 42B, the shape of agent 3209 closely approximates the circular profiles of the wells

3704.

[0385] It has been found that the use of wells is effective in improving accuracy of the size

of sensing elements and in improving accuracy of their placement. A significant decrease in the

coefficient of variability across sensing elements on the same and different sensor substrates was

observed. FIG. 43 is a series of photographs showing these improvements. A number of

substrates were used, and on each substrate the liquid agent was dispensed in two locations (spot

1 and spot 2) separated by a distance. In the "control" cases no well was created and the liquid



was dispensed directly on the unmodified substrate surface. In the "well" cases two wells were

created (one at spot 1 and one at spot 2) and the liquid agent was dispensed therein. As can be

seen by the photographs, the dispensed agent in the "well" cases have more uniform borders and

less variation in size than those in the "control cases."

[0386] FIG. 44A is a flow diagram depicting an example embodiment of a method 4400 of

manufacturing a sensor by creating a well for a sensing element. At 3602, a well is created in a

sensor substrate. Then, at 3604, a liquid is applied into the well in the sensor substrate such that

the liquid comes to rest in the well.

[0387] FIG. 44B is a flow diagram depicting another example embodiment of method 4400.

At 4412, a size of the well can be entered into a user interface of the well creation tool (e.g., tool

3900). This may be performed for each marking, or may be performed once for a production run

of many sensors. At 4414, the well creation tool can focus and/or align to the proper location on

a substrate of a sensor. At 4416, the well creation tool can apply a mechanical force to create the

well. This may involve one or more downward strikes, where each downward strike can include

a step of alignment 4414. At 4418, if two or more wells are to be created on a single substrate,

then either the substrate or the tool can be moved and step 4416 (and optionally step 4414) can

be repeated to create the next well. At 4420, the substrate can be moved to an electrochemical

dispersion system, and the electrochemical agent can be deposited (e.g., in the form of one or

more drops dispensed from a nozzle) to each well in the substrate. The liquid can then be dried

and transferred to the next manufacturing stage (e.g., application of a membrane, etc.).

[0388] While the creation of wells has been described primarily by the application of

mechanical force, in other embodiments the wells can be created in other ways, such as with

photolithography, laser or electrical etching or ablation, and others.

[0389] In some example embodiments, the sensor substrate can be modified with both a well

and with a radiation treated surface. For example, referring back to FIGs. 37B-H, any of the

bottom surfaces 3706, sidewall surfaces 3708, top substrate surfaces 3710, and/or combinations

thereof can be modified with radiation to alter the liquid mobility characteristic, e.g., to either

increase or decrease the mobility as compared to unmodified adjacent surfaces. For example, a

ring-shaped modified area (e.g., 3204 of FIG. 32B) can be created around bottom surface 3706,

where the ring-shaped area is just sidewall surface 3708, or is just top surface 3710 bordering the



perimeter of well 3704, or both. In another example, a ring-shaped modified area can be placed

around the perimeter of bottom surface 3706 (or a portion thereof). In yet another example, the

entirety of bottom surface 3706 can be modified to attract the agent.

[0390] Furthermore, all of the embodiments of surface modification (e.g., with radiation

and/or the creation of wells) can be combined all of the calibration embodiments described

herein. Such combinations can further enhance those improvements related to calibration

already discussed herein. For example, the description of manufacturing parameters herein can

also apply to the size or dimension of the modified area, the target area, the well, and/or a

sensing element (in liquid or dried form) applied to the modified area, target area, and/or well.

To the extent multiple sensing elements are applied to a single substrate, the manufacturing

parameter can be representative of any or all such sensing elements (e.g., a total area). By way

of non-limiting example, a measured manufacturing parameter can be the area of interior space

3208 of ring-shaped area 3204 of FIG. 32B, the area of ring-shaped area 3204 (FIG. 32B), the

diameter or circumference of inner or outer boundaries 3205 and 3206 (FIG. 32B), the diameter,

circumference or area of bottom surface 3706 of well 3704 (FIGs. 37B-37H), the measured or

estimated volume of sensing element 3209 within well 3704, and others. Those of ordinary skill

in the art, upon reading this description, will readily recognize the many different manufacturing

parameters that can be measured in relation to modified areas, target areas, wells, and sensing

elements. In some cases, the reduction in variation resulting from use of modified areas and

wells can decrease the significance of the size of the sensing region as a manufacturing

parameter for individualized calibration, allowing the calibration to utilize other measurements

like membrane thickness and exclude the size of the sensing region.

[0391] The embodiments described herein are restated and expanded upon in the following

paragraphs without explicit reference to the figures. In many example embodiments, a method

for calibrating individual medical devices is provided that includes: at least partially

manufacturing a multitude of medical devices, the multitude including a first subset and a second

subset, where each of the medical devices in the multitude are adapted to sense a biochemical

attribute; measuring an individualized manufacturing parameter of each medical device in the

multitude; determining, with processing circuitry, an in vitro sensing characteristic of the first

subset from data obtained by in vitro testing the first subset; and determining, with processing

circuitry, individualized calibration information for each medical device in the second subset



using at least a representation of the individualized manufacturing parameter for each medical

device and a representation of the in vitro sensing characteristic of the first subset of medical

devices, where the medical devices in the first subset are different from the medical devices in

the second subset.

[0392] In some embodiments, each of the medical devices in the multitude is an analyte

sensor and the biochemical attribute is a level of an analyte. Further, each analyte sensor in the

multitude can be adapted to sense the analyte level in vivo, and the in vitro sensing characteristic

can be an in vitro sensitivity to the analyte.

[0393] In some embodiments, each of the analyte sensors in the multitude includes a sensing

region, optionally where the individualized manufacturing parameter is a size of the sensing

region. In certain embodiments, the size of the sensing region is representative of at least one of

the following: a width of the sensing region, a length of the sensing region, a thickness of the

sensing region, a peripheral length of the sensing region, an area of the sensing region, or a

volume of the sensing region. In certain embodiments, the representation of the individualized

manufacturing parameter for a respective analyte sensor in the second subset is a deviation of the

size of the sensing region of the respective analyte sensor from a central tendency of a size of the

sensing region for the multitude of analyte sensors.

[0394] In some embodiments, each of the analyte sensors in the multitude includes a

membrane for the sensing region, optionally where the individualized manufacturing parameter

is a size of the membrane. In certain embodiments, the size of the membrane is representative of

at least one of the following: a width of the membrane, a length of the membrane, a thickness of

the membrane, a peripheral length of the membrane, an area of the membrane, or a volume of the

membrane. In certain embodiments, the representation of the individualized manufacturing

parameter for a respective analyte sensor in the second subset is a deviation of the size of the

membrane of the respective analyte sensor from a central tendency of a size of the membrane for

the multitude of analyte sensors.

[0395] In some embodiments, each of the analyte sensors in the multitude includes a sensing

region and a membrane for the sensing region, optionally where measuring an individualized

manufacturing parameter of each analyte sensor in the multitude includes measuring a size of the

sensing region and a size of the membrane of each analyte sensor. In certain embodiments, the



individualized calibration information for each analyte sensor in the second subset is determined

using: a representation of the size of the sensing region of a respective analyte sensor in the

second subset; a representation of the size of the membrane of the respective analyte sensor in

the second subset; and a representation of the in vitro sensitivity of the first subset. In certain

embodiments, the representation of the in vitro sensitivity can include a slope of a central

tendency of in vitro sensitivity of the first subset, an intercept of a central tendency of in vitro

sensitivity of the first subset, or both a slope and an intercept of a central tendency of in vitro

sensitivity of the first subset.

[0396] In some embodiments, determining individualized calibration information for each

analyte sensor in the second subset includes performing (a)-(c) independently for each analyte

sensor in the second subset using processing circuitry: (a) determining an in vitro sensitivity of a

respective analyte sensor in the second subset using at least the representation of the

individualized manufacturing parameter for the respective analyte sensor and the representation

of the in vitro sensitivity of the first subset; (b) determining an in vivo sensitivity of the

respective analyte sensor using a representation of the in vitro sensitivity of the respective

analyte sensor; and (c) determining individualized calibration information for the respective

analyte sensor that corresponds to the in vivo sensitivity of the respective analyte sensor. In

certain embodiments, determining the in vitro sensitivity of the respective analyte sensor in the

second subset includes modeling a correlation between the representation of the individualized

manufacturing parameter for the respective analyte sensor and the representation of the in vitro

sensitivity of the first subset, where modeling the correlation utilizes one of the following

models: a linear regression model; a multiple variable regression model; a random forest model;

a non-linear model; a Bayesian regression model; a neural network; a machine learning model; a

non-random decision tree; or a discriminant analysis model. In certain embodiments, modeling

the correlation utilizes a model at least partially represented by: SCM = SCB + a + (β MPA)

or SC] = + ( l + 0.l(a + ( RMPA))), where SCMD is the in vitro sensitivity of the

respective analyte sensor, SCB is the representation of the in vitro sensitivity of the first subset, a

is a zero or non-zero adjustment factor, RMPA is the representation of the individualized

manufacturing parameter for the respective analyte sensor, and β is a coefficient for RMPA . In

certain embodiments, modeling the correlation utilizes a model at least partially represented by:



SCMD = SCB + α + (β RMPA) + (δ RMP ) or SCMD = SCB + ( l + 0.1(a + (β RMPA) +

(δ RMPA )) , where SCMD is the in vitro sensitivity of the respective analyte sensor, SCB is the

representation of the in vitro sensitivity of the first subset, a is a zero or non-zero adjustment

factor, RMPA is the representation of the individualized manufacturing parameter for the

respective analyte sensor, and β is a coefficient for RMPA , and δ is a coefficient for RMPA

squared.

[0397] In some embodiments, the individualized manufacturing parameter is a first

individualized manufacturing parameter, and determining individualized calibration information

for each analyte sensor in the second subset includes performing (a)-(c) independently for each

analyte sensor in the second subset using processing circuitry: (a) determining an in vitro

sensitivity of a respective analyte sensor in the second subset using at least: the representation of

the first individualized manufacturing parameter for the respective analyte sensor, a

representation of a second individualized manufacturing parameter for the respective analyte

sensor, and the representation of the in vitro sensitivity of the first subset; (b) determining an in

vivo sensitivity of the respective analyte sensor using a representation of the in vitro sensitivity

of the respective analyte sensor; and (c) determining individualized calibration information for

the respective analyte sensor that corresponds to the in vivo sensitivity of the respective analyte

sensor. In certain embodiments, the representation of the first individualized manufacturing

parameter for the respective analyte sensor, the representation of a second individualized

manufacturing parameter for the respective analyte sensor, and the representation of the in vitro

sensitivity of the first subset are input into a model to determine the in vitro sensitivity of the

respective analyte sensor. In certain embodiments, the model is at least partially represented by:

SCMD = SCB + α + (β RMPA) + (δ RMP ) + (γ RMPB) + (ε RMP 2) + (p RMPA RMPB) or

SCMD = SC + l + 0.01 ( a + (β RMPA) + (δ RMP ) + (γ RMP ) + (ε RMRj) +

(p RMP RMP , where SCMD is the in vitro sensitivity of the respective analyte sensor, SCB is

the representation of the in vitro sensitivity of the first subset, a is a zero or non-zero adjustment

factor, RMPA is the representation of the first individualized manufacturing parameter for the

respective analyte sensor, β is a coefficient for RMPA , δ is a coefficient for RMPA squared,



RMPB is the second individualized manufacturing parameter, γ is a coefficient for RMPB , ε is a

coefficient for RMPB squared, and p is a coefficient for the product of RMPA and RMPB.

[0398] In some embodiments, each analyte sensor of the multitude includes a sensing region

and a membrane for the sensing region, where measuring an individualized manufacturing

parameter of each analyte sensor in the multitude includes measuring a size of the sensing region

and a size of the membrane of each analyte sensor in the multitude, and where determining the in

vitro sensitivity of the respective analyte sensor in the second subset includes inputting a

representation of the size of the sensing region, a representation of the size of the membrane, and

a representation of the in vitro sensitivity into a model.

[0399] In some embodiments, the in vivo sensitivity of the respective analyte sensor is

determined by applying a representation of the in vitro sensitivity of the respective analyte sensor

to a transfer function. In some embodiments, determining individualized calibration information

for the respective analyte sensor includes identifying, from a multitude of predetermined

calibration codes, a calibration code that most closely represents the in vivo sensitivity of the

respective analyte sensor.

[0400] In some embodiments, each analyte sensor in the second subset is associated with a

different sensor electronics assembly of a multitude of sensor electronics assemblies, and each

sensor electronics assembly of the multitude of sensor electronics assemblies includes a non-

transitory memory. In certain embodiments, the non-transitory memory of each sensor

electronics assembly has individualized calibration information for the associated analyte sensor

stored thereon. In certain embodiments, each sensor electronics assembly in the multitude of

sensor electronics assemblies includes processing circuitry communicatively coupled with the

non-transitory memory. In some embodiments, each non-transitory memory includes

instructions that, when executed by the processing circuitry communicatively coupled thereto,

causes that processing circuitry to determine an analyte level from raw analyte data measured by

the associated analyte sensor and from the individualized calibration information for that

associated analyte sensor. In other embodiments, each non-transitory memory includes

instructions that, when executed by the processing circuitry communicatively coupled thereto,

causes that processing circuitry to cause transmission of the individualized calibration

information for the associated analyte sensor to a wirelessly connected reader device.



[0401] In some embodiments, determining individualized calibration information for each

analyte sensor in the second subset includes performing (a) and (b) independently for each

analyte sensor in the second subset using processing circuitry: (a) determining an in vitro

sensitivity of a respective analyte sensor in the second subset using at least the representation of

the individualized manufacturing parameter for the respective analyte sensor and the

representation of the in vitro sensitivity of the first subset; and (b) determining individualized

calibration information for the respective analyte sensor that corresponds to the in vitro

sensitivity of the respective analyte sensor.

[0402] In some embodiments, determining individualized calibration information for each

analyte sensor in the second subset includes performing (a) and (b) independently for each

analyte sensor in the second subset using processing circuitry: (a) determining a first in vitro

sensitivity of a respective analyte sensor in the second subset using at least the representation of

the individualized manufacturing parameter for the respective analyte sensor and the

representation of the in vitro sensitivity of the first subset; (b) determining a second in vitro

sensitivity of the respective analyte sensor in the second subset using at least a representation of

the first in vitro sensitivity of the respective analyte sensor; and (c) determining individualized

calibration information for the respective analyte sensor that corresponds to the in vitro

sensitivity of the respective analyte sensor. In certain embodiments, the first in vitro sensitivity

corresponds to the presence of the analyte in an analyte test solution, and the second in vitro

sensitivity corresponds to the presence of the analyte in a bodily fluid.

[0403] In some embodiments, each medical device in the multitude is an in vitro analyte

sensor, optionally a test strip. In certain embodiments, each in vitro analyte sensor includes a

working pad and the individualized manufacturing parameter is a size of the working pad. In

certain embodiments, the individualized manufacturing parameter is an area of the working pad,

while in other embodiments the individualized manufacturing parameter is a thickness of the

working pad. In certain embodiments, each in vitro analyte sensor includes at least one electrical

trace and the individualized manufacturing parameter is a resistance of the trace.

[0404] In some embodiments, the individualized manufacturing parameter of each medical

device in the multitude is measured during or after a stage of manufacturing of the multitude of

medical devices.



[0405] In some embodiments, the method further includes assigning the individualized

calibration information to each medical device in the second subset.

[0406] In many embodiments, the biochemical attribute is a level of glucose.

[0407] In some embodiments, the first and second subsets are taken from a same production

lot. In some embodiments, the multitude of medical devices is a production lot of the medical

devices.

[0408] In some embodiments, the plurality of medical devices is a plurality of analyte

sensors each including a sensor substrate, and at least partially manufacturing the plurality of

analyte sensors includes: modifying an area of a surface of each sensor substrate with

electromagnetic radiation to create a modified area; and applying a liquid agent to the surface of

each sensor substrate such that the liquid agent comes to rest in a target area on the surface,

where the target area is determined at least in part by the location of the modified area. The

modified area can border the target area, and the modified area can repel or attract the liquid

agent. In some embodiments, at least partially manufacturing the plurality of analyte sensors can

further include: focusing a laser on the surface of each sensor substrate; and activating the laser

to modify the area of the surface of each sensor substrate with electromagnetic radiation to create

the modified area. In some embodiments, at least partially manufacturing the plurality of analyte

sensors can further include: transferring each sensor substrate to a liquid agent dispense system

having a nozzle; and applying the liquid agent from the nozzle to the surface of each sensor

substrate such that the liquid agent comes to rest in the target area on the surface.

[0409] In some embodiments, the plurality of medical devices is a plurality of analyte

sensors each including a sensor substrate, and at least partially manufacturing the plurality of

analyte sensors includes: creating a well in each sensor substrate; and applying a liquid agent

into the well in each sensor substrate such that the liquid agent comes to rest in the well. The

liquid agent can cover at least a portion of the bottom and substantially contact the sidewall. The

method can further include: aligning a tip of a tool with an alignment feature on a surface of the

sensor substrate; and forcing the tip of the tool into the substrate to create the well in the

substrate. The method can further include: transferring the substrate to a liquid agent dispense

system having a nozzle, where applying the liquid agent into the well in the sensor substrate such



that the liquid agent comes to rest in the well includes dispensing a drop of the liquid agent from

the nozzle into the well.

[0410] In many embodiments, a method for calibrating individual medical devices is

provided, where the method includes: measuring an individualized manufacturing parameter of

each medical device in a multitude of medical devices; and determining, with processing

circuitry, individualized calibration information for each medical device in the multitude using at

least a representation of the individualized manufacturing parameter for each medical device and

a representation of a baseline sensing characteristic.

[041 1] In some embodiments, each of the medical devices in the multitude is an analyte

sensor adapted to sense an analyte.

[0412] In some embodiments, the multitude of medical devices is a second multitude, and

the method further includes determining the baseline sensing characteristic from clinical test data

of a first multitude of medical devices.

[0413] In some embodiments, the multitude of medical devices is a second multitude, and

the method further includes: measuring an individualized manufacturing parameter of each

medical device in a first multitude of medical devices; performing clinical testing with the first

multitude of medical devices to obtain clinical test data; and determining the baseline sensing

characteristic from the clinical test data. In certain embodiments, each medical device in the first

multitude is an in vivo analyte sensor, and the clinical testing is in vivo testing. In certain

embodiments, each medical device in the first multitude is an in vitro analyte sensor, and the

clinical testing is in vitro testing. In certain embodiments, the second multitude is a production

lot of medical devices. In certain embodiments, the first and second pluralities of medical

devices are from different production lots.

[0414] In some embodiments, determining individualized calibration information for each

sensor in the multitude includes performing (a) and (b) independently for each sensor in the

multitude using processing circuitry: (a) determining a representation of an individualized

sensing characteristic of a respective analyte sensor in the multitude using at least the

representation of the individualized manufacturing parameter for the respective sensor and the

representation of the baseline sensing characteristic; and (b) determining individualized

calibration information for the respective analyte sensor that corresponds to the individualized



sensing characteristic of the respective analyte sensor. In certain embodiments, determining the

representation of the individualized sensing characteristic of the respective analyte sensor

includes modeling a correlation between the representation of the individualized manufacturing

parameter for the respective analyte sensor and the representation of the baseline sensing

characteristic. In certain embodiments, modeling the correlation utilizes at least one of the

following: a linear regression model; a multiple variable regression model; a random forest

model; a non-linear model; a Bayesian regression model; a neural network; a machine learning

model; a non-random decision tree; or a discriminant analysis model. In certain embodiments,

modeling the correlation utilizes a model at least partially represented by: SCM = SCB + a +

(β RMPA ) or SCMD = SCB + ( l + 0.l(a + (β RMP ) ) where SCMD is the representation of the

individualized sensing characteristic of the respective analyte sensor, SCB is the representation of

the baseline sensing characteristic, a is a zero or non-zero adjustment factor, RMPA is the

representation of the individualized manufacturing parameter for the respective analyte sensor,

and β is a coefficient for RMPA . In certain embodiments, modeling the correlation utilizes a

model at least partially represented by: SCMD = SCB + a + (β RMP ) + (δ RMPA ) or SCMD =

SCB + l + 0.1(a + (β RMPA ) + (δ RMP ) ) , where SCMD IS the representation of the

individualized sensing characteristic of the respective analyte sensor, SCB is the representation of

the baseline sensing characteristic, a is a zero or non-zero adjustment factor, RMPA is the

representation of the individualized manufacturing parameter for the respective analyte sensor, β

is a coefficient for RMPA , and δ is a coefficient for RMPA squared.

[0415] In some embodiments, the individualized manufacturing parameter is a first

individualized manufacturing parameter, and the method further includes measuring a second

individualized manufacturing parameter of each medical device in the multitude of medical

devices. In certain embodiments, determining individualized calibration information for each

analyte sensor in the multitude includes performing (a)-(b) independently for each analyte sensor

in the multitude using processing circuitry: (a) determining an individualized sensing

characteristic of a respective analyte sensor in the multitude using at least: the representation of

the first individualized manufacturing parameter for the respective analyte sensor, a

representation of the second individualized manufacturing parameter for the respective analyte

sensor, and the representation of the baseline sensing characteristic; and (b) determining



individualized calibration information for the respective analyte sensor that corresponds to the

individualized sensing characteristic of the respective analyte sensor. In certain embodiments,

the method further includes modeling a correlation between the representation of the first

individualized manufacturing parameter for the respective analyte sensor, the representation of a

second individualized manufacturing parameter for the respective analyte sensor, and the

representation of the baseline sensing characteristic to determine the individualized sensing

characteristic of the respective analyte sensor. In certain embodiments, modeling the correlation

utilizes a model at least partially represented by: SCMD = SCB + α + (β MPA) + (δ RMPA ) +

(γ RMPB) + (ε RMP 2) + (p RMPA RMP ) or SCMD = SC + 1 + 0.01 ( a + ( RMPA) +

(δ RMP ) + (γ RMPB) + (ε RMP ) + (p RMPA RMPB) ) , where SCMD IS a representation of the

individualized sensing characteristic of the respective analyte sensor, SCB is the representation of

the baseline sensing characteristic, a is a zero or non-zero adjustment factor, RMPA is the

representation of the first individualized manufacturing parameter for the respective analyte

sensor, β is a coefficient for RMPA , δ is a coefficient for RMPA squared, RMPB is the second

individualized manufacturing parameter, γ is a coefficient for RMPB , ε is a coefficient for RMPB

squared, and p is a coefficient for the product of RMPA and RMPB.

[0416] In some embodiments, the individualized manufacturing parameter is a size of a

sensing region of each medical device or a size of a membrane of each medical device. In some

embodiments, the multitude of medical devices is a production lot of the medical devices.

[0417] In some embodiments, the individualized manufacturing parameter is a size of a

sensing region of each medical device, the sensing region including a sensing element, where the

sensing element is in a well of a sensor substrate and/or the sensing element is on or adjacent to a

modified area of the sensor substrate having a liquid mobility characteristic different than an

adjacent area of the sensor substrate.

[0418] In many embodiments, a method for calibrating individual analyte sensors is

provided, where the method includes: at least partially manufacturing a multitude of analyte

sensors, the multitude including a first subset and a second subset, where each of the analyte

sensors in the multitude are adapted for in vivo sensing of an analyte level; measuring an

individualized manufacturing parameter of each analyte sensor in the multitude; determining,



with processing circuitry, an in vitro sensitivity of the first subset from data obtained by in vitro

testing the first subset; and performing (a)-(c) for each analyte sensor in the second subset using

processing circuitry: (a) determining an in vitro sensitivity of a respective analyte sensor in the

second subset using at least the representation of the individualized manufacturing parameter for

the respective analyte sensor and the representation of the in vitro sensitivity of the first subset;

(b) determining an in vivo sensitivity of the respective analyte sensor using a representation of

the in vitro sensitivity of the respective analyte sensor; and (c) determining individualized

calibration information for the respective analyte sensor that corresponds to the in vivo

sensitivity of the respective analyte sensor.

[0419] In some embodiments, each analyte sensor in the multitude includes a sensing region

and the individualized manufacturing parameter is a size of the sensing region. In certain

embodiments, the representation of the individualized manufacturing parameter for the

respective analyte sensor is a deviation of the size of the sensing region of the respective analyte

sensor from a central tendency of a size of the sensing region for the multitude of analyte

sensors.

[0420] In some embodiments, the sensing region includes a sensing element, the sensing

element being in a well of a sensor substrate and/or the sensing element being on or adjacent to a

modified area of the sensor substrate having a liquid mobility characteristic different than an

adjacent area of the sensor substrate.

[0421] In some embodiments, each of the analyte sensors in the multitude includes a

membrane for the sensing region and the individualized manufacturing parameter is a size of the

membrane. In certain embodiments, the representation of the individualized manufacturing

parameter for the respective analyte sensor is a deviation of the size of the membrane of the

respective analyte sensor from a central tendency of a size of the membrane for the multitude of

analyte sensors.

[0422] In some embodiments, each of the analyte sensors in the multitude includes a sensing

region and a membrane for the sensing region, where measuring an individualized manufacturing

parameter of each analyte sensor in the multitude includes measuring a size of the sensing region

and a size of the membrane of each analyte sensor. In certain embodiments, the in vitro

sensitivity of the respective analyte sensor is determined using: a representation of the size of the



sensing region of the respective analyte sensor; a representation of the size of the membrane of

the respective analyte sensor; and a representation of the in vitro sensitivity of the first subset. In

certain embodiments, the representation of the in vitro sensitivity includes a slope of a central

tendency of in vitro sensitivity of the first subset, or an intercept of a central tendency of in vitro

sensitivity of the first subset, or a slope and an intercept of a central tendency of in vitro

sensitivity of the first subset. In certain embodiments, the in vitro sensitivity of the respective

analyte sensor in the second subset is determined by modeling a correlation between a

representation of the size of the sensing region of the respective analyte sensor, a representation

of the size of the membrane of the respective analyte sensor, and a representation of the in vitro

sensitivity of the first subset. In certain embodiments, modeling the correlation utilizes at least

one of the following: a linear regression model; a multiple variable regression model; a random

forest model; a non-linear model; a Bayesian regression model; a neural network; a machine

learning model; a non-random decision tree; or a discriminant analysis model.

[0423] In some embodiments, the in vivo sensitivity of the respective analyte sensor is

determined by applying a representation of the in vitro sensitivity of the respective analyte sensor

to a transfer function.

[0424] In some embodiments, determining individualized calibration information for the

respective analyte sensor includes identifying, from a multitude of predetermined calibration

codes, a calibration code that most closely represents the in vivo sensitivity of the respective

analyte sensor.

[0425] In some embodiments, each analyte sensor in the second subset is associated with a

different sensor electronics assembly of a multitude of sensor electronics assemblies, each sensor

electronics assembly of the multitude of sensor electronics assemblies including a non-transitory

memory. In certain embodiments, the non-transitory memory of each sensor electronics

assembly has individualized calibration information for the associated analyte sensor stored

thereon. In certain embodiments, each sensor electronics assembly in the multitude of sensor

electronics assemblies includes processing circuitry communicatively coupled with the non-

transitory memory. In certain embodiments, each non-transitory memory includes instructions

that, when executed by the processing circuitry communicatively coupled thereto, causes that

processing circuitry to determine an analyte level from raw analyte data measured by the



associated analyte sensor and from the individualized calibration information for that associated

analyte sensor. In certain embodiments, each non-transitory memory includes instructions that,

when executed by the processing circuitry communicatively coupled thereto, causes that

processing circuitry to cause transmission of the individualized calibration information for the

associated analyte sensor to a wirelessly connected reader device.

[0426] In some embodiments, the analyte level is a glucose level.

[0427] In some embodiments, the first and second subsets are taken from a same production

lot. In some embodiments, the multitude of in vivo analyte sensors is a production lot of the

analyte sensors.

[0428] In some embodiments, the in vitro testing includes applying an analyte solution to

each of the analyte sensors in the first subset. In some embodiments, the in vitro testing

degrades or contaminates each analyte sensor in the first subset.

[0429] In many embodiments, a method for calibrating individual medical devices is

provided, where the method includes: at least partially manufacturing a first medical device and

a second medical device, where the first and second medical devices are adapted to sense a

biochemical attribute; measuring a manufacturing parameter of the second medical device;

determining, with processing circuitry, an in vitro sensing characteristic of the first medical

device from data obtained by in vitro testing the first medical device; and determining, with

processing circuitry, calibration information for the second medical device using at least a

representation of the manufacturing parameter of the second medical device and a representation

of the in vitro sensing characteristic of the first medical device.

[0430] In some embodiments, measuring the manufacturing parameter of the second medical

device is performed by a manufacturer.

[0431] In some embodiments, the first medical device is a first analyte sensor, the second

medical device is a second analyte sensor, and the biochemical attribute is an analyte level. In

certain embodiments, the first and second analyte sensors are adapted to sense the analyte level

in vivo. In certain embodiments, the second analyte sensor includes a sensing region and a

membrane for the sensing region and in certain embodiments, the manufacturing parameter is a

size of the sensing region or a size of the membrane. In certain embodiments, measuring the



manufacturing parameter of the second analyte sensor includes measuring a size of the sensing

region and a size of the membrane of the second analyte sensor, and the calibration information

for the second analyte sensor is determined using a representation of the size of the sensing

region, a representation of the size of the membrane, and a representation of the in vitro sensing

characteristic of the first analyte sensor.

[0432] In some embodiments, the sensing region includes a sensing element, the sensing

element being in a well of a sensor substrate and/or the sensing element being on or adjacent to a

modified area of the sensor substrate having a liquid mobility characteristic different than an

adjacent area of the sensor substrate.

[0433] In some embodiments, the in vitro sensing characteristic is a slope of a sensitivity of

the first analyte sensor to the analyte level. In certain embodiments, the in vitro sensing

characteristic is the sensitivity of the first analyte sensor to the analyte level.

[0434] In some embodiments, determining calibration information for the second analyte

sensor includes: determining, with processing circuitry, an in vitro sensing characteristic of the

second analyte sensor using at least the representation of the manufacturing parameter of the

second analyte sensor and the representation of the in vitro sensing characteristic of the first

analyte sensor; determining, with processing circuitry, an in vivo sensing characteristic of the

second analyte sensor using a representation of the in vitro sensing characteristic of the second

analyte sensor; and determining, with processing circuitry, calibration information for the second

analyte sensor that corresponds to the in vivo sensing characteristic of the second analyte sensor.

In certain embodiments, the method further includes determining the in vitro sensing

characteristic of the second analyte sensor with a model, where the representation of the

manufacturing parameter of the second analyte sensor and the representation of the in vitro

sensing characteristic of the first analyte sensor are inputs to the model. In certain embodiments,

the model is one of the following: a linear regression model; a multiple variable regression

model; a random forest model; a non-linear model; a Bayesian regression model; a neural

network; a machine learning model; a non-random decision tree; or a discriminant analysis

model.

[0435] In certain embodiments, the second analyte sensor includes a sensing region and the

manufacturing parameter is a size of the sensing region. In certain embodiments, the second



analyte sensor includes a membrane and the manufacturing parameter is a size of the membrane.

In certain embodiments, the second analyte sensor includes a sensing region and a membrane for

the sensing region, where measuring the manufacturing parameter of the second analyte sensor

includes measuring a size of the sensing region and a size of the membrane of the second analyte

sensor, and where a representation of the size of the sensing region, a representation of the size

of the membrane, and a representation of the in vitro sensing characteristic are inputs to the

model.

[0436] In certain embodiments, the in vivo sensing characteristic of the second analyte

sensor is determined by applying a representation of the in vitro sensing characteristic of the

second analyte sensor to a transfer function.

[0437] In certain embodiments, determining calibration information for the second analyte

sensor that corresponds to the in vivo sensing characteristic of the second analyte sensor includes

identifying, from a multitude of predetermined calibration codes, a calibration code that most

closely represents the in vivo sensing characteristic of the second analyte sensor.

[0438] In some embodiments, the method further includes storing the calibration information

for the second analyte sensor in a non-transitory memory of sensor electronics assigned to the

second analyte sensor. In certain embodiments, the sensor electronics include processing

circuitry and the non-transitory memory includes instructions that, when executed by the

processing circuitry, cause the processing circuitry to determine an analyte level from a raw

analyte measurement made by the second analyte sensor and the calibration information for the

second analyte sensor. In certain embodiments, the sensor electronics include processing

circuitry and the non-transitory memory includes instructions that, when executed by the

processing circuitry, cause the processing circuitry to cause transmission of the calibration

information for the second analyte sensor to a wirelessly connected reader device.

[0439] In some embodiments, the method further includes storing the calibration information

for the second analyte sensor in a non-transitory memory of a server. In certain embodiments,

the method further includes: receiving a request, at the server, for the calibration information for

the second analyte sensor from a requesting device; and downloading the calibration information

from the server to the requesting device.



[0440] In some embodiments, the method includes: at least partially manufacturing a third

medical device capable of sensing a biochemical attribute; measuring a manufacturing parameter

of the third medical device; and determining, with processing circuitry, calibration information

for the third medical device using a representation of the manufacturing parameter of the third

medical device and the representation of the in vitro sensing characteristic of the first medical

device.

[0441] In some embodiments, the second medical device is not in vitro tested.

[0442] In many embodiments, a method for calibrating individual medical devices adapted to

sense a biochemical attribute is provided, where the method includes: determining, with

processing circuitry, a sensing characteristic of a first medical device; and determining, with

processing circuitry, calibration information for a second medical device using at least a

representation of a manufacturing parameter of the second medical device and a representation

of the sensing characteristic of the first medical device.

[0443] In some embodiments, the method further includes at least partially manufacturing

the first medical device and the second medical device and measuring the manufacturing

parameter of the second medical device.

[0444] In some embodiments, the sensing characteristic is an in vitro sensing characteristic

determined from data obtained by in vitro testing the first medical device.

[0445] In some embodiments, the first medical device is a first analyte sensor, the second

medical device is a second analyte sensor, and the biochemical attribute is an analyte level. In

certain embodiments, the first and second analyte sensors are adapted to sense the analyte level

in vivo.

[0446] In some embodiments, the second medical device includes a sensing region. In

certain embodiments, the manufacturing parameter is a size of the sensing region.

[0447] In some embodiments, the second medical device includes a membrane. In certain

embodiments, the manufacturing parameter is a size of the membrane.

[0448] In some embodiments, the first and second medical devices are in vitro analyte

sensors. In certain embodiments, each in vitro analyte sensor is a test strip. In certain

embodiments, each in vitro analyte sensor includes a working pad and the manufacturing



parameter is a size of the working pad, an area of the working pad, or a thickness of the working

pad. In certain embodiments, each in vitro analyte sensor includes an electrical trace and the

manufacturing parameter is a resistance of the electrical trace.

[0449] In some embodiments, the manufacturing parameter is a qualitative value.

[0450] In some embodiments, the sensing region includes a sensing element, the sensing

element being in a well of a sensor substrate and/or the sensing element being on or adjacent to a

modified area of the sensor substrate having a liquid mobility characteristic different than an

adjacent area of the sensor substrate.

[0451] In many embodiments, a computer system for calibrating individual medical devices

adapted to sense a biochemical attribute is provided, where the computer system includes:

processing circuitry and non-transitory memory communicatively coupled with the processing

circuitry, where the non-transitory memory has a multitude of instructions stored thereon that,

when executed by the processing circuitry, cause the processing circuitry to: determine a sensing

characteristic of a first medical device; and determine calibration information for a second

medical device using at least a representation of a manufacturing parameter of the second

medical device and a representation of the sensing characteristic of the first medical device.

[0452] In some embodiments, the sensing characteristic is an in vitro sensing characteristic,

where the multitude of instructions, when executed by the processing circuitry, cause the

processing circuitry to determine the in vitro sensing characteristic from in vitro test data of the

first medical device.

[0453] In some embodiments, the first medical device is a first analyte sensor, the second

medical device is a second analyte sensor, and the biochemical attribute is an analyte level. In

certain embodiments, the first and second analyte sensors are adapted to sense the analyte level

in vivo. In certain embodiments, the manufacturing parameter is a size of a sensing region of the

second analyte sensor. In certain embodiments, the manufacturing parameter is a size of a

membrane of the second analyte sensor.

[0454] In some embodiments, the sensing region includes a sensing element, the sensing

element being in a well of a sensor substrate and/or the sensing element being on or adjacent to a



modified area of the sensor substrate having a liquid mobility characteristic different than an

adjacent area of the sensor substrate.

[0455] In some embodiments, the first medical device is a first in vitro analyte sensor and the

second medical device is a second in vitro analyte sensor. In certain embodiments, each in vitro

analyte sensor is a strip. In certain embodiments, each in vitro analyte sensor includes a working

pad and the manufacturing parameter is a size of the working pad, an area of the working pad, or

a thickness of the working pad. In certain embodiments, each in vitro analyte sensor includes an

electrical trace and the manufacturing parameter is a resistance of the electrical trace.

[0456] In some embodiments, the manufacturing parameter is a qualitative value. In some

embodiments, the manufacturing parameter is an individualized manufacturing parameter that is

quantitative.

[0457] In many embodiments, a computer system for calibrating individual medical devices

adapted to sense a biochemical attribute is provided, where the computer system includes:

processing circuitry and non-transitory memory communicatively coupled with the processing

circuitry, where the non-transitory memory has a multitude of instructions stored thereon that,

when executed by the processing circuitry, cause the processing circuitry to: determine an in

vitro sensing characteristic of a first subset of a multitude of medical devices from in vitro test

data of the first subset; and determine individualized calibration information for each medical

device in a second subset of the multitude of medical devices using at least a representation of an

individualized manufacturing parameter for each medical device in the second subset and a

representation of the in vitro sensing characteristic of the first subset, where the medical devices

in the first subset are different from the medical devices in the second subset.

[0458] In some embodiments, each of the medical devices in the multitude is an analyte

sensor and the biochemical attribute is a level of an analyte. In certain embodiments, each

analyte sensor in the multitude is adapted to sense the analyte level in vivo, and the in vitro

sensing characteristic is in vitro sensitivity to the analyte.

[0459] In some embodiments, the individualized manufacturing parameter is a size of a

sensing region of each analyte sensor in the second subset. In certain embodiments, the size of

the sensing region is representative of at least one of the following: a width of the sensing region,



a length of the sensing region, a thickness of the sensing region, a peripheral length of the

sensing region, an area of the sensing region, or a volume of the sensing region.

[0460] In some embodiments, the representation of the individualized manufacturing

parameter for a respective analyte sensor in the second subset is a deviation of the size of a

sensing region of the respective analyte sensor from a central tendency of a size of a sensing

region for the multitude of analyte sensors.

[0461] In some embodiments, the sensing region includes a sensing element, the sensing

element being in a well of a sensor substrate and/or the sensing element being on or adjacent to a

modified area of the sensor substrate having a liquid mobility characteristic different than an

adjacent area of the sensor substrate.

[0462] In some embodiments, the individualized manufacturing parameter is a size of a

membrane of each analyte sensor in the second subset. In certain embodiments, the size of the

membrane is representative of at least one of the following: a width of the membrane, a length of

the membrane, a thickness of the membrane, a peripheral length of the membrane, an area of the

membrane, or a volume of the membrane. In certain embodiments, the representation of the

individualized manufacturing parameter for a respective analyte sensor in the second subset is a

deviation of the size of the membrane of the respective analyte sensor from a central tendency of

a size of the membrane for the multitude of analyte sensors.

[0463] In some embodiments, the multitude of instructions, when executed by the processing

circuitry, cause the processing circuitry to determine the individualized calibration information

for each analyte sensor in the second subset using: a representation of a size of a sensing region

of a respective analyte sensor in the second subset; a representation of a size of a membrane of

the respective analyte sensor in the second subset; and the representation of the in vitro

sensitivity of the first subset. In certain embodiments, the representation of the in vitro

sensitivity includes a slope of a central tendency of in vitro sensitivity of the first subset, or an

intercept of a central tendency of in vitro sensitivity of the first subset, or a slope and an intercept

of a central tendency of in vitro sensitivity of the first subset.

[0464] In some embodiments, the multitude of instructions, when executed by the processing

circuitry, cause the processing circuitry to determine individualized calibration information for

each analyte sensor in the second subset by performance of (a)-(c) independently for each



analyte sensor in the second subset: (a) determine an in vitro sensitivity of a respective analyte

sensor in the second subset with at least the representation of the individualized manufacturing

parameter for the respective analyte sensor and the representation of the in vitro sensitivity of the

first subset; (b) determine an in vivo sensitivity of the respective analyte sensor with a

representation of the in vitro sensitivity of the respective analyte sensor; and (c) determine

individualized calibration information for the respective analyte sensor that corresponds to the in

vivo sensitivity of the respective analyte sensor. In certain embodiments, the multitude of

instructions, when executed by the processing circuitry, cause the processing circuitry to

determine the in vitro sensitivity of the respective analyte sensor in the second subset by

modeling a correlation between the representation of the individualized manufacturing parameter

for the respective analyte sensor and the representation of the in vitro sensitivity of the first

subset with a model. In certain embodiments, the model is one of the following: a linear

regression model; a multiple variable regression model; a random forest model; a non-linear

model; a Bayesian regression model; a neural network; a machine learning model; a non-random

decision tree; or a discriminant analysis model. In certain embodiments, the model is at least

partially represented by: SCM = SCB + a + (β MPA) or SCM = SCB + ( l +

where SCMD is the in vitro sensitivity of the respective analyte sensor,

SCB is the representation of the in vitro sensitivity of the first subset, a is a zero or non-zero

adjustment factor, RMPA is the representation of the individualized manufacturing parameter for

the respective analyte sensor, and β is a coefficient for RMPA . In certain embodiments, the

model is at least partially represented by: SCMD = SCB + a + (β RMPA ) + (δ RMP ) or SCMD =

SCB + ( l + 0.1(a + (β RMPA) + (δ RMP )) , where SCMD is the in vitro sensitivity of the

respective analyte sensor, SCB is the representation of the in vitro sensitivity of the first subset, a

is a zero or non-zero adjustment factor, RMPA is the representation of the individualized

manufacturing parameter for the respective analyte sensor, and β is a coefficient for RMPA , and δ

is a coefficient for RMPA squared.

[0465] In some embodiments, the individualized manufacturing parameter is a first

individualized manufacturing parameter, and the multitude of instructions, when executed by the

processing circuitry, cause the processing circuitry to determine individualized calibration

information for each analyte sensor in the second subset by performance of (a)-(c) independently



for each analyte sensor in the second subset: (a) determine an in vitro sensitivity of a respective

analyte sensor in the second subset using at least: the representation of the first individualized

manufacturing parameter for the respective analyte sensor, a representation of a second

individualized manufacturing parameter for the respective analyte sensor, and the representation

of the in vitro sensitivity of the first subset; (b) determine an in vivo sensitivity of the respective

analyte sensor using a representation of the in vitro sensitivity of the respective analyte sensor;

and (c) determine individualized calibration information for the respective analyte sensor that

corresponds to the in vivo sensitivity of the respective analyte sensor. In certain embodiments,

the representation of the first individualized manufacturing parameter for the respective analyte

sensor, the representation of a second individualized manufacturing parameter for the respective

analyte sensor, and the representation of the in vitro sensitivity of the first subset are input into a

model to determine the in vitro sensitivity of the respective analyte sensor. In certain

embodiments, the model is at least partially represented by: SCM = SCB + α + (β MPA) +

(δ RMP ) + (γ RMPB) + (ε RMR ) + (p RMPA RMPB) or SCMD = SCB + l +

0.01 (a + (β RMPA) + (δ RMP|) + (γ RMPB) + (ε RMP 2) + (p RMPA RM¾))), where SCMD

is the in vitro sensitivity of the respective analyte sensor, SCB is the representation of the in vitro

sensitivity of the first subset, a is a zero or non-zero adjustment factor, RMPA is the

representation of the first individualized manufacturing parameter for the respective analyte

sensor, β is a coefficient for RMPA , δ is a coefficient for RMPA squared, RMPB is the second

individualized manufacturing parameter, γ is a coefficient for RMPB , ε is a coefficient for RMPB

squared, and p is a coefficient for the product of RMPA and RMPB.

[0466] In some embodiments, each analyte sensor of the multitude includes a sensing region

and the individualized manufacturing parameter is a size of the sensing region.

[0467] In some embodiments, each analyte sensor of the multitude includes a membrane and

the individualized manufacturing parameter is a size of the membrane.

[0468] In some embodiments, each analyte sensor of the multitude includes a sensing region

and a membrane for the sensing region, where the multitude of instructions, when executed by

the processing circuitry, cause the processing circuitry to determine the in vitro sensitivity of the

respective analyte sensor in the second subset by input of a representation of a size of the sensing



region of the respective analyte sensor, a representation of a size of the membrane of the

respective analyte sensor, and a representation of the in vitro sensitivity into a model.

[0469] In some embodiments, the multitude of instructions, when executed by the processing

circuitry, cause the processing circuitry to determine the in vivo sensitivity of the respective

analyte sensor by application of a representation of the in vitro sensitivity of the respective

analyte sensor to a transfer function.

[0470] In some embodiments, the multitude of instructions, when executed by the processing

circuitry, cause the processing circuitry to determine individualized calibration information for

the respective analyte sensor by identification of, from a multitude of predetermined calibration

codes, a calibration code that most closely represents the in vivo sensitivity of the respective

analyte sensor.

[0471] In some embodiments, each analyte sensor in the second subset is associated with a

different sensor electronics assembly of a multitude of sensor electronics assemblies, and each

sensor electronics assembly of the multitude of sensor electronics assemblies includes a non-

transitory memory, and the multitude of instructions, when executed by the processing circuitry,

cause the processing circuitry to output corresponding individualized calibration information for

storage in each non-transitory memory.

[0472] In some embodiments, the multitude of instructions, when executed by the processing

circuitry, cause the processing circuitry to determine individualized calibration information for

each analyte sensor in the second subset by performance of (a) and (b) independently for each

analyte sensor in the second subset: (a) determine an in vitro sensitivity of a respective analyte

sensor in the second subset with at least the representation of the individualized manufacturing

parameter for the respective analyte sensor and the representation of the in vitro sensitivity of the

first subset; and (b) determine individualized calibration information for the respective analyte

sensor that corresponds to the in vitro sensitivity of the respective analyte sensor.

[0473] In some embodiments, each medical device in the multitude is an in vitro analyte

sensor. In certain embodiments, each in vitro analyte sensor is a test strip. In certain

embodiments, each in vitro analyte sensor includes a working pad and the manufacturing

parameter is a size of the working pad, an area of the working pad, or a thickness of the working



pad. In certain embodiments, each in vitro analyte sensor includes an electrical trace and the

manufacturing parameter is a resistance of the electrical trace.

[0474] In some embodiments, the biochemical attribute is a level of glucose.

[0475] In some embodiments, the first and second subsets are from a same production lot. In

some embodiments, the multitude of medical devices is a production lot of the medical devices.

[0476] In many embodiments, an analyte monitoring system is provided that includes: a

sensor control device including: an in vivo analyte sensor and electronics communicatively

coupled with the in vivo analyte sensor, the electronics including non-transitory memory, where

individualized calibration information is stored in the memory, and where the individualized

calibration information is based on a measured manufacturing parameter of the in vivo analyte

sensor and is specific to the in vivo analyte sensor.

[0477] In some embodiments, the electronics further include wireless communication

circuitry and processing circuitry, and the non-transitory memory has a multitude of instructions

stored thereon that, when executed by the processing circuitry, cause the processing circuitry to:

determine an analyte level from raw data measured by the in vivo analyte sensor and from the

individualized calibration information; and output the determined analyte level to the wireless

communication circuitry for transmission.

[0478] In some embodiments, the electronics further include wireless communication

circuitry and processing circuitry, and the non-transitory memory includes a multitude of

instructions stored thereon that, when executed by the processing circuitry, cause the processing

circuitry to: output the individualized calibration information to the wireless communication

circuitry for transmission; and output raw analyte data collected by the in vivo analyte sensor to

the wireless communication circuitry for transmission.

[0479] In some embodiments, the sensor control device has a lifespan and is usable for the

lifespan without user calibration.

[0480] In some embodiments, the sensor control device has a lifespan and is usable for the

lifespan without user calibration and without system calibration.

[0481] In some embodiments, the system further includes: a reader device including

processing circuitry, wireless communication circuitry, and non-transitory memory including a



multitude of instructions that, when executed by the processing circuitry, cause the processing

circuitry to determine an analyte level from raw data measured by the in vivo analyte sensor and

from the individualized calibration information, the raw analyte data and individualized

communication information being received from the sensor control device.

[0482] In some embodiments, the measured manufacturing parameter is a size of a sensing

region of the in vivo analyte sensor, and the sensing region includes a sensing element, the

sensing element being in a well of a sensor substrate and/or the sensing element being on or

adjacent to a modified area of the sensor substrate having a liquid mobility characteristic

different than an adjacent area of the sensor substrate.

[0483] In many embodiments, a method of analyte monitoring is provided where the method

includes: processing raw analyte data, collected with an analyte sensor, with individualized

calibration information to determine an analyte level of a user, where the individualized

calibration information is based on a measured manufacturing parameter of the analyte sensor

and is specific to the analyte sensor.

[0484] In some embodiments, the analyte sensor is an in vivo analyte sensor that is a

component of a sensor control device that further includes processing circuitry, where the

processing circuitry of the sensor control device processes the raw analyte data with

individualized calibration information to determine the analyte level of the user.

[0485] In some embodiments, the method further includes collecting raw analyte data from a

user with the in vivo analyte sensor prior to processing the raw analyte data.

[0486] In some embodiments, the method further includes: wirelessly communicating the

individualized calibration information to a reader device and wirelessly communicating the

collected raw analyte data to a reader device. In certain embodiments, the reader device includes

processing circuitry, where the processing circuitry of the reader device processes the raw

analyte data with individualized calibration information to determine the analyte level of the

user.

[0487] In some embodiments, the in vivo analyte sensor has a lifespan, and the method

further includes using the in vivo analyte sensor for the lifespan without performing user

calibration.



[0488] In some embodiments, the in vivo analyte sensor has a lifespan, and the method

further includes using the in vivo analyte sensor for the lifespan without performing user

calibration and without performing system calibration.

[0489] In some embodiments, the analyte sensor is an in vitro analyte sensor. In certain

embodiments, the in vitro analyte sensor is a strip-based in vitro analyte sensor.

[0490] In some embodiments, the measured manufacturing parameter is a size of a sensing

region of the analyte sensor, and the sensing region includes a sensing element, the sensing

element being in a well of a sensor substrate and/or the sensing element being on or adjacent to a

modified area of the sensor substrate having a liquid mobility characteristic different than an

adjacent area of the sensor substrate.

[0491] In many embodiments, a kit is provided that includes: a first in vivo analyte sensor of

a first sensor control device; first electronics of the first sensor control device, the first

electronics including a first non-transitory memory on which is stored first individualized

calibration information that is based on a measured manufacturing parameter of the first in vivo

analyte sensor and is specific to the first in vivo analyte sensor; a second in vivo analyte sensor

of a second sensor control device; and second electronics of the second sensor control device, the

second electronics including a second non-transitory memory on which is stored second

individualized calibration information that is based on a measured manufacturing parameter of

the second in vivo analyte sensor and is specific to the second in vivo analyte sensor, where the

first in vivo analyte sensor, the first electronics, the second in vivo analyte sensor, and the second

electronics are coupled with each other by a common packaging.

[0492] In some embodiments, the first and second in vivo analyte sensors are from the same

in vivo sensor manufacturing lot.

[0493] In some embodiments, the kit further includes: a third in vivo analyte sensor of a third

sensor control device; and third electronics of the third sensor control device, the third

electronics including a third non-transitory memory on which is stored third individualized

calibration information that is based on a measured manufacturing parameter of the third in vivo

analyte sensor and is specific to the third in vivo analyte sensor, where the first in vivo analyte

sensor, the first electronics, the second in vivo analyte sensor, the second electronics, the third in

vivo sensor, and the third electronics are coupled with each other by a common packaging.



[0494] In some embodiments, the first, second, and third in vivo analyte sensors are from the

same in vivo sensor manufacturing lot.

[0495] In some embodiments, the measured manufacturing parameter is a size of a sensing

region of the first in vivo analyte sensor, and the sensing region includes a sensing element, the

sensing element being in a well of a sensor substrate and/or the sensing element being on or

adjacent to a modified area of the sensor substrate having a liquid mobility characteristic

different than an adjacent area of the sensor substrate.

[0496] In many embodiments, a method of analyte monitoring is provided where the method

includes: collecting a sample of body fluid from a living body on an in vitro strip, the in vitro

strip including an in vitro analyte sensor; inserting the in vitro strip into a meter; and determining

an analyte level in the sample of body fluid using individualized calibration information and a

signal received from the in vitro analyte sensor, where the individualized calibration information

is based on a measured manufacturing parameter of the in vitro analyte sensor and is specific to

the in vitro analyte sensor.

[0497] In some embodiments, the method further includes manually typing the

individualized calibration information into the meter.

[0498] In some embodiments, the method further includes automatically inputting the

individualized calibration information into the meter.

[0499] In some embodiments, the method further includes automatically inputting the

individualized calibration information into the meter by using an optical scanner and at least one

of the following: a barcode, a data matrix code, a two-dimensional code, or a three-dimensional

code.

[0500] In some embodiments, the method further includes automatically inputting the

individualized calibration information into the meter by using at least one of the following: an

RF tag, a resistive coded trace, a ROM calibrator, or Bluetooth circuitry.

[0501] In some embodiments, the method further includes: obtaining the calibration

information by a second electronic device; and sending the calibration information to the meter

over a Bluetooth connection. In certain embodiments, the second electronic device is a mobile



phone. In certain embodiments, the calibration information is obtained by use of an optical

scanner or Near Field Communication (NFC) circuitry of the phone.

[0502] In some embodiments, the measured manufacturing parameter is a size of a sensing

region of the in vitro analyte sensor, and the sensing region includes a sensing element, the

sensing element being in a well of a sensor substrate and/or the sensing element being on or

adjacent to a modified area of the sensor substrate having a liquid mobility characteristic

different than an adjacent area of the sensor substrate.

[0503] In many embodiments, a method for individualized medical device calibration is

provided, where the method includes determining, with processing circuitry, individualized

calibration information for a medical device using at least a representation of a manufacturing

parameter of the medical device.

[0504] In some embodiments, the medical device is a first medical device, and the method

further includes determining, with processing circuitry, the individualized calibration

information for the first medical device using at least the representation of the manufacturing

parameter for the first medical device and a representation of a sensing characteristic of a second

medical device.

[0505] In certain embodiments, the method further includes determining, with processing

circuitry, the representation of the sensing characteristic of the second medical device.

[0506] In certain embodiments, the method further includes performing an in vitro test on the

second medical device and determining, with processing circuitry, the representation of the

sensing characteristic of the second medical device from in vitro test data collected from the in

vitro test.

[0507] In certain embodiments, the method further includes obtaining the manufacturing

parameter from the first medical device. In certain embodiments, the manufacturing parameter is

obtained during or after a manufacturing stage for the first medical device.

[0508] In certain embodiments, the first and second medical devices are in vivo sensors. In

certain embodiments, the first and second medical devices are in vitro sensors. In certain

embodiments, the first and second medical devices are in vitro test strips. In certain

embodiments, the first and second medical devices are adapted to sense a biochemical attribute.



[0509] In certain embodiments, the representation of the manufacturing parameter is a

representation of an individualized manufacturing parameter.

[0510] In some embodiments, the manufacturing parameter is a size of a sensing region of

the medical device, and the sensing region includes a sensing element, the sensing element being

in a well of a sensor substrate and/or the sensing element being on or adjacent to a modified area

of the sensor substrate having a liquid mobility characteristic different than an adjacent area of

the sensor substrate.

[051 1] In many embodiments, a method of manufacturing is provided, the method including:

modifying an area of a surface of a sensor substrate with electromagnetic radiation to create a

modified area; and applying a liquid agent to the surface of the sensor substrate such that the

liquid agent comes to rest in a target area on the surface, where the target area is determined at

least in part by the location of the modified area. The modified area can border the target area.

[0512] In some embodiments, the modified area has a ring-like shape. The target area can be

within an interior of the ring-like shape. In some embodiments, the ring-like shape can have an

interior border that defines an interior of the ring-like shape, and the target area can be the

interior of the ring-like shape. The ring-line shape can be a region between two concentric

circles.

[0513] In some embodiments, the target area is round or polygonal. In some embodiments,

the target area is not adjacent to the modified area. In some embodiments, the modified area and

the target area are the same.

[0514] In some embodiments, the modified area attracts the liquid agent. In other

embodiments, the modified area repels the liquid agent.

[0515] In some embodiments, the electromagnetic radiation is laser radiation in the

ultraviolet or visible spectrum. The laser radiation can be pulsed to create the modified area.

[0516] In some embodiments, the modified area of the sensor substrate includes carbon.

[0517] In some embodiments, the method further includes: focusing a laser on the surface of

the sensor substrate; and activating the laser to modify the area of the surface of the sensor

substrate with laser radiation to create the modified area.



[0518] In some embodiments, the electromagnetic radiation is laser radiation, and the

method further includes: entering a size for the modified area into a laser marking system; and

focusing the laser marking system on the substrate prior to modifying the area of the surface of

the sensor substrate with laser radiation. The modified area can be a first modified area, and the

method can further include: moving either the substrate or a portion of the laser marking system;

and modifying a second area of the surface of the sensor substrate with laser radiation to create a

second modified area. In some embodiments, the method includes transferring the substrate to a

liquid agent dispense system having a nozzle; and applying the liquid agent from the nozzle to

the surface of the sensor substrate such that the liquid agent comes to rest in the target area on

the surface.

[0519] In some embodiments, the liquid agent is an electrochemical agent.

[0520] In some embodiments, the method further includes drying the liquid agent to form a

sensing element in the target area.

[0521] In some embodiments, the modified area is at least one of: a bottom of a well in the

substrate, a sidewall of a well in the substrate, or an area surrounding a well in the substrate.

[0522] In many embodiments, a method of manufacturing is provided, the method including:

creating a well in a sensor substrate; and applying a liquid agent into the well in the sensor

substrate such that the liquid agent comes to rest in the well.

[0523] In some embodiments, the well includes a bottom and a sidewall. The liquid agent

can be applied to the bottom of the well.

[0524] In some embodiments, the liquid agent is an electrochemical agent. The method can

further include drying the liquid agent to form a sensing element in the well. In some

embodiments, the well includes a bottom and a sidewall, and the sensing element covers a

majority of the bottom. In some embodiments, the well includes a bottom and a sidewall, and

the sensing element covers the entire bottom.

[0525] In some embodiments, the well includes a bottom surface that is round, circular, or

polygonal.

[0526] In some embodiments, the method further includes: aligning a tip of a tool with an

alignment feature on a surface of the sensor substrate; and forcing the tip of the tool into the



substrate to create the well in the substrate. In some embodiments, the well is a first well, and

the method further includes: moving either the substrate or the tip of the tool; and forcing the tip

of the tool into the substrate to create a second well in the substrate. In some embodiments, the

method further includes: transferring the substrate to a liquid agent dispense system having a

nozzle, where applying the liquid agent into the well in the sensor substrate such that the liquid

agent comes to rest in the well includes dispensing a drop of the liquid agent from the nozzle into

the well.

[0527] In some embodiments, a bottom surface of the well has been modified with

electromagnetic radiation and has a liquid mobility characteristic that is different from an

adjacent surface of the substrate.

[0528] In some embodiments, a sidewall surface of the well has been modified with

electromagnetic radiation and has a liquid mobility characteristic that is different from an

adjacent surface of the substrate.

[0529] In some embodiments, a surface of the substrate surrounding the well has been

modified with electromagnetic radiation and has a liquid mobility characteristic that is different

from an adjacent surface of the substrate.

[0530] In many embodiments, an analyte monitoring system is provided, the analyte

monitoring system including: an in vivo analyte sensor including a substrate and at least one

sensing element on the substrate, the at least one sensing element including an electrochemical

agent, where the sensing element is on, adjacent to, or in proximity to a modified area on a

surface of the substrate, the modified area having a liquid mobility characteristic that is different

from an area of the surface of the substrate adjacent to the modified area.

[0531] In some embodiments, the modified area has a ring-like shape. The sensing element

can be within an interior of the ring-like shape. The ring-like shape can have an interior border

that defines an interior of the ring-like shape, and the sensing element covers the interior of the

ring-like shape. The ring-line shape can be a region between two concentric circles.

[0532] In some embodiments, the modified area is round, such as circular or elliptical.

[0533] In some embodiments, the sensing element is on the modified area.

[0534] In some embodiments, the sensing element is adjacent to the modified area.



[0535] In some embodiments, the liquid mobility characteristic is such that the

electrochemical agent in liquid form is relatively more attracted to the modified area than the

area of the surface of the substrate adjacent to the modified area.

[0536] In some embodiments, the liquid mobility characteristic is such that the

electrochemical agent in liquid form is relatively more attracted to the area of the surface of the

substrate adjacent to the modified area than to the modified area.

[0537] In some embodiments, the modified area is at least one of a bottom of a well in the

substrate, a sidewall of a well in the substrate, or an area surrounding a well in the substrate.

[0538] In some embodiments, the system further includes: electronics communicatively

coupled with the in vivo analyte sensor, the electronics including non-transitory memory, where

individualized calibration information is stored in the memory, where the individualized

calibration information is based on a measured manufacturing parameter of the in vivo analyte

sensor and is specific to the in vivo analyte sensor.

[0539] In some embodiments, the measured manufacturing parameter is representative, at

least in part, of a size of the sensing element.

[0540] In some embodiments, the in vivo analyte sensor includes a membrane, and the

measured manufacturing parameter is representative, at least in part, of a size of the membrane.

[0541] In many embodiments, an analyte monitoring system is provided, the system

including: an in vivo analyte sensor having a substrate and at least one sensing element on the

substrate, the at least one sensing element including an electrochemical agent, where the sensing

element is in a well in a surface of the substrate.

[0542] In some embodiments, the well includes a bottom surface. The sensing element can

cover only a portion of the bottom surface of the well, or the sensing element can cover the entire

bottom surface of the well.

[0543] In some embodiments, the sensing element has a height that is less than a depth of the

well. In some embodiments, the sensing element has a height that is equal to a depth of the well.

In some embodiments, the sensing element has a height that is greater than a depth of the well.

[0544] In some embodiments, the well includes a bottom surface that is round or polygonal.



[0545] In some embodiments, a bottom surface of the well has a liquid mobility

characteristic that is different from an adjacent surface of the substrate.

[0546] In some embodiments, the well incudes a bottom surface and a sidewall surface. In

some embodiments, the bottom surface of the well has a liquid mobility characteristic that is

different from an adjacent surface of the substrate. In some embodiments, the sidewall surface

of the well has a liquid mobility characteristic that is different from an adjacent surface of the

substrate. In some embodiments, a surface of the substrate surrounding the well has a liquid

mobility characteristic that is different from an adjacent surface of the substrate.

[0547] In some embodiments, the system further includes electronics communicatively

coupled with the in vivo analyte sensor, the electronics including non-transitory memory, where

individualized calibration information is stored in the memory, where the individualized

calibration information is based on a measured manufacturing parameter of the in vivo analyte

sensor and is specific to the in vivo analyte sensor. In some embodiments, the measured

manufacturing parameter is representative, at least in part, of a size of the sensing element. In

some embodiments, the in vivo analyte sensor includes a membrane, and the measured

manufacturing parameter is representative, at least in part, of a size of the membrane.

Appendix: Examples of Models

[0548] The following is a general description of various models that can be used with the

calibration embodiments described herein. Those of ordinary skill in the art will recognize the

many different ways these and other models can be implemented in light of the disclosure

presented in this appendix and elsewhere throughout this description.

[0549] Random forest models are an ensemble learning method which can construct a

multitude of decision trees as samples of the full data and outputting the class which is the mean

prediction of the individual trees. Each tree can be created by partitioning the space into smaller

regions where interactions are more manageable, which can then be partitioned again, e.g.,

recursive partitioning. The following is an example of a general random forest algorithm:

1) Start with the single node. Calculate for each partition leaf c, S = ∑ c ie aves(T) i c

m c ) 2 where m c = - - ∑ i C



2) Search over all binary splits of all variables to see which will reduce S as much as

possible. If the largest decrease is less than a threshold δ or the node contains less than q

points then stop. Otherwise create the two new nodes

3) In each new node go back to step 1.

[0550] Non-linear regressions are a form of regression analysis modelled by a function

which is a nonlinear combination of the model parameters and depends on one of more

independent variables. Y = f X , β , where X is a vector of p predictors and β is a vector of k

parameters. The following is an example of a general nonlinear regression:

[0551] Bayesian regression models are another example. In Bayesian statistics, the posterior

distribution is conditional probability of an unknown treated as a random variable - ρ β \Χ . It is

proportional to the likelihood function which is the probability of the evidence given the

parameters. ρ Χ \β multiplied by a prior belief that the probability distribution function is ρ(β ) .

An example of a Bayesian linear regression follows:

Ε [γ \β ] = Α Θ

Where β is a vector of p parameters, A is a known n x p matrix and C is the variance- covariance

dispersion matrix. Then where N is the normal distribution

γ ~ Αβ , C)

Where A and C are known:

β ~ Ν µ , C2)

Where µ and C are also known.

[0552] All features, elements, components, functions, and steps described with respect to any

embodiment provided herein are intended to be freely combinable and substitutable with those

from any other embodiment. If a certain feature, element, component, function, or step is

described with respect to only one embodiment, then it should be understood that that feature,

element, component, function, or step can be used with every other embodiment described herein

unless explicitly stated otherwise. This paragraph therefore serves as antecedent basis and



written support for the introduction of claims, at any time, that combine features, elements,

components, functions, and steps from different embodiments, or that substitute features,

elements, components, functions, and steps from one embodiment with those of another, even if

the following description does not explicitly state, in a particular instance, that such

combinations or substitutions are possible. It is explicitly acknowledged that express recitation

of every possible combination and substitution is overly burdensome, especially given that the

permissibility of each and every such combination and substitution will be readily recognized by

those of ordinary skill in the art.

[0553] In all of the embodiments described herein, electronic devices capable of processing

data or information can include processing circuitry communicatively coupled with non-

transitory memory, where the non-transitory memory can store one or more computer program or

software instructions that, when executed by the processing circuitry, cause the processing

circuitry to take actions. For every embodiment of a method disclosed herein, systems and

devices capable of performing those methods, or portions thereof, with processing circuitry and

non-transitory memory having one or more instructions stored thereon that, when executed by

the processing circuitry, cause that processing circuitry to execute one or more steps of the

method (or cause the execution of one or more steps of the method, such as transmission or

display of information), are within the scope of the present disclosure.

[0554] Computer program or software instructions for carrying out operations in accordance

with the described subject matter may be written in any combination of one or more

programming languages, including an object oriented programming language such as Java,

JavaScript, Smalltalk, C++, C#, Transact-SQL, XML, PHP or the like and conventional

procedural programming languages, such as the "C" programming language or similar

programming languages. The program instructions may execute entirely on the computing

device, partly on the computing device, as a stand-alone software package, partly on a local

computing device and partly on a remote computing device or entirely on a remote computing

device or server. In the latter scenario, the remote computing device may be connected to the

local computing device through any type of network, including a local area network (LAN) or a

wide area network (WAN), or the connection may be made to an external computer (for

example, through the Internet using an Internet Service Provider).



[0555] To the extent the embodiments disclosed herein include or operate in association with

memory, storage, and/or computer readable media, then that memory, storage, and/or computer

readable media are non-transitory. Accordingly, to the extent that memory, storage, and/or

computer readable media are covered by one or more claims, then that memory, storage, and/or

computer readable media is only non-transitory.

[0556] As used herein and in the appended claims, the singular forms "a," "an," and "the"

include plural referents unless the context clearly dictates otherwise.

[0557] While the embodiments are susceptible to various modifications and alternative

forms, specific examples thereof have been shown in the drawings and are herein described in

detail. It should be understood, however, that these embodiments are not to be limited to the

particular form disclosed, but to the contrary, these embodiments are to cover all modifications,

equivalents, and alternatives falling within the spirit of the disclosure. Furthermore, any

features, functions, steps, or elements of the embodiments may be recited in or added to the

claims, as well as negative limitations that define the inventive scope of the claims by features,

functions, steps, or elements that are not within that scope.



CLAIMS

What is claimed is:

1. A method, comprising:

at least partially manufacturing a plurality of medical devices, the plurality comprising a

first subset and a second subset, wherein each of the medical devices in the plurality are adapted

to sense a biochemical attribute;

measuring an individualized manufacturing parameter of each medical device in the

plurality;

determining, with processing circuitry, an in vitro sensing characteristic of the first subset

from data obtained by in vitro testing the first subset; and

determining, with processing circuitry, individualized calibration information for each

medical device in the second subset using at least a representation of the individualized

manufacturing parameter for each medical device and a representation of the in vitro sensing

characteristic of the first subset of medical devices,

wherein the medical devices in the first subset are different from the medical devices in

the second subset.

2 . The method of claim 1, wherein each of the medical devices in the plurality is an

analyte sensor and the biochemical attribute is a level of an analyte.

3 . The method of claim 2, wherein each analyte sensor in the plurality is adapted to

sense the analyte level in vivo, and wherein the in vitro sensing characteristic is in vitro

sensitivity to the analyte.

4 . The method of claim 3, wherein each of the analyte sensors in the plurality

comprises a sensing region and the individualized manufacturing parameter is a size of the

sensing region.



5 . The method of claim 4, wherein the representation of the individualized

manufacturing parameter for a respective analyte sensor in the second subset is a deviation of the

size of the sensing region of the respective analyte sensor from a central tendency of a size of the

sensing region for the plurality of analyte sensors.

6 . The method of claim 4, wherein the size of the sensing region is representative of

at least one of the following: a width of the sensing region, a length of the sensing region, a

thickness of the sensing region, a peripheral length of the sensing region, an area of the sensing

region, or a volume of the sensing region.

7 . The method of claim 6, wherein the sensing region comprises a sensing element,

the sensing element being in a well of a sensor substrate and/or the sensing element being on or

adjacent to a modified area of the sensor substrate having a liquid mobility characteristic

different than an adjacent area of the sensor substrate.

8 . The method of claim 3, wherein each of the analyte sensors in the plurality

comprises a membrane for the sensing region and wherein the individualized manufacturing

parameter is a size of the membrane.

9 . The method of claim 8, wherein the size of the membrane is representative of at

least one of the following: a width of the membrane, a length of the membrane, a thickness of the

membrane, a peripheral length of the membrane, an area of the membrane, or a volume of the

membrane.

10. The method of claim 8, wherein the representation of the individualized

manufacturing parameter for a respective analyte sensor in the second subset is a deviation of the

size of the membrane of the respective analyte sensor from a central tendency of a size of the

membrane for the plurality of analyte sensors.



11. The method of claim 3, wherein each of the analyte sensors in the plurality

comprises a sensing region and a membrane for the sensing region, wherein measuring an

individualized manufacturing parameter of each analyte sensor in the plurality comprises

measuring a size of the sensing region and a size of the membrane of each analyte sensor.

12. The method of claim 11, wherein the individualized calibration information for

each analyte sensor in the second subset is determined using: a representation of the size of the

sensing region of a respective analyte sensor in the second subset; a representation of the size of

the membrane of the respective analyte sensor in the second subset; and a representation of the in

vitro sensitivity of the first subset.

13. The method of claim 12, wherein the representation of the in vitro sensitivity

comprises at least one of: a slope and an intercept of a central tendency of in vitro sensitivity of

the first subset.

14. The method of claim 3, wherein determining individualized calibration

information for each analyte sensor in the second subset comprises performing (a)-(c)

independently for each analyte sensor in the second subset using processing circuitry:

(a) determining an in vitro sensitivity of a respective analyte sensor in the second subset

using at least the representation of the individualized manufacturing parameter for the respective

analyte sensor and the representation of the in vitro sensitivity of the first subset;

(b) determining an in vivo sensitivity of the respective analyte sensor using a

representation of the in vitro sensitivity of the respective analyte sensor; and

(c) determining individualized calibration information for the respective analyte sensor

that corresponds to the in vivo sensitivity of the respective analyte sensor.

15. The method of claim 14, wherein determining the in vitro sensitivity of the

respective analyte sensor in the second subset comprises modeling a correlation between the



representation of the individualized manufacturing parameter for the respective analyte sensor

and the representation of the in vitro sensitivity of the first subset.

16 . The method of claim 15, wherein modeling the correlation utilizes a model at

least partially represented by: SCMD = SCB + a + ( RMPA or SCMD = SCB +

l + .l ( + β RMPA , wherein SCMD is the in vitro sensitivity of the respective analyte

sensor, SCB is the representation of the in vitro sensitivity of the first subset, a is a zero or non

zero adjustment factor, RMPA is the representation of the individualized manufacturing

parameter for the respective analyte sensor, and β is a coefficient for RMPA.

1 . The method of claim 15, wherein modeling the correlation utilizes a model at

least partially represented by: SCMD = SCB + a + (β RMPA) + (5 RMP^) or SCMD = SCB +

( l + 0 .1 ( + (β RMPA) + (5 RMPA ) , wherein SCMD is the in vitro sensitivity of the

respective analyte sensor, SCB is the representation of the in vitro sensitivity of the first subset, a

is a zero or non-zero adjustment factor, RMPA is the representation of the individualized

manufacturing parameter for the respective analyte sensor, and β is a coefficient for RMPA , and δ

is a coefficient for RMPA squared.

18 . The method of claim 3, wherein the individualized manufacturing parameter is a

first individualized manufacturing parameter, and wherein determining individualized calibration

information for each analyte sensor in the second subset comprises performing (a)-(c)

independently for each analyte sensor in the second subset using processing circuitry:

(a) determining an in vitro sensitivity of a respective analyte sensor in the second subset

using at least: the representation of the first individualized manufacturing parameter for the

respective analyte sensor, a representation of a second individualized manufacturing parameter

for the respective analyte sensor, and the representation of the in vitro sensitivity of the first

subset;



(b) determining an in vivo sensitivity of the respective analyte sensor using a

representation of the in vitro sensitivity of the respective analyte sensor; and

(c) determining individualized calibration information for the respective analyte sensor

that corresponds to the in vivo sensitivity of the respective analyte sensor.

19. The method of claim 18, wherein the representation of the first individualized

manufacturing parameter for the respective analyte sensor, the representation of a second

individualized manufacturing parameter for the respective analyte sensor, and the representation

of the in vitro sensitivity of the first subset are input into a model to determine the in vitro

sensitivity of the respective analyte sensor.

20. The method of claim 19, wherein the model is at least partially represented by:

SCMD = SCB + + RMPA) + δ RMP¾) + ( RMPB) + (ε R P ) + (p RMPA RMPB) or

SCMD = SCB + l + 0.0l ( + β RMPA) + δ RMPA ) + ( RMPB) + (ε RMP ) +

(p RMPA wherein SCMD is the in vitro sensitivity of the respective analyte sensor, SCB

is the representation of the in vitro sensitivity of the first subset, a is a zero or non-zero

adjustment factor, RMPA is the representation of the first individualized manufacturing

parameter for the respective analyte sensor, β is a coefficient for RMPA , δ is a coefficient for

RMPA squared, RMPB is the second individualized manufacturing parameter, γ is a coefficient

for RMPB , ε is a coefficient for RMPB squared, and p is a coefficient for the product of RMPA

and RMPB.

21. The method of claim 14, wherein each analyte sensor of the plurality comprises a

sensing region and wherein the individualized manufacturing parameter is a size of the sensing

region.

22. The method of claim 14, wherein each analyte sensor of the plurality comprises a

membrane and wherein the individualized manufacturing parameter is a size of the membrane.



23. The method of claim 14, wherein each analyte sensor of the plurality comprises a

sensing region and a membrane for the sensing region, wherein measuring an individualized

manufacturing parameter of each analyte sensor in the plurality comprises measuring a size of

the sensing region and a size of the membrane of each analyte sensor in the plurality, and

wherein determining the in vitro sensitivity of the respective analyte sensor in the second subset

comprises inputting a representation of the size of the sensing region, a representation of the size

of the membrane, and a representation of the in vitro sensitivity into a model.

24. The method of claim 14, wherein the in vivo sensitivity of the respective analyte

sensor is determined by applying a representation of the in vitro sensitivity of the respective

analyte sensor to a transfer function.

25. The method of claim 14, wherein determining individualized calibration

information for the respective analyte sensor comprises identifying, from a plurality of

predetermined calibration codes, a calibration code that most closely represents the in vivo

sensitivity of the respective analyte sensor.

26. The method of claim 3, wherein each analyte sensor in the second subset is

associated with a different sensor electronics assembly of a plurality of sensor electronics

assemblies, each sensor electronics assembly of the plurality of sensor electronics assemblies

comprising a non-transitory memory, wherein the non-transitory memory of each sensor

electronics assembly has individualized calibration information for the associated analyte sensor

stored thereon.

27. The method of claim 26, wherein each sensor electronics assembly in the plurality

of sensor electronics assemblies comprises processing circuitry communicatively coupled with

the non-transitory memory, wherein each non-transitory memory comprises instructions that,

when executed by the processing circuitry communicatively coupled thereto, causes that

processing circuitry to perform at least one of the following:



determine an analyte level from raw analyte data measured by the associated analyte

sensor and from the individualized calibration information for that associated analyte sensor; or

cause transmission of the individualized calibration information for the associated analyte

sensor to a wirelessly connected reader device.

28. The method of claim 2, wherein determining individualized calibration

information for each analyte sensor in the second subset comprises performing (a) and (b)

independently for each analyte sensor in the second subset using processing circuitry:

(a) determining an in vitro sensitivity of a respective analyte sensor in the second subset

using at least the representation of the individualized manufacturing parameter for the respective

analyte sensor and the representation of the in vitro sensitivity of the first subset; and

(b) determining individualized calibration information for the respective analyte sensor

that corresponds to the in vitro sensitivity of the respective analyte sensor.

29. The method of claim 2, wherein determining individualized calibration

information for each analyte sensor in the second subset comprises performing (a)-(c)

independently for each analyte sensor in the second subset using processing circuitry:

(a) determining a first in vitro sensitivity of a respective analyte sensor in the second

subset using at least the representation of the individualized manufacturing parameter for the

respective analyte sensor and the representation of the in vitro sensitivity of the first subset;

(b) determining a second in vitro sensitivity of the respective analyte sensor in the second

subset using at least a representation of the first in vitro sensitivity of the respective analyte

sensor; and

(c) determining individualized calibration information for the respective analyte sensor in

the second subset based on the first and second in vitro sensitivities of the respective analyte

sensor.



30. The method of claim 29, wherein the first in vitro sensitivity corresponds to the

presence of the analyte in an analyte test solution, and the second in vitro sensitivity corresponds

to the presence of the analyte in a bodily fluid.

31. The method of claim 1, wherein each medical device in the plurality is an in vitro

analyte sensor.

32. The method of claim 31, wherein each in vitro analyte sensor is a test strip and

comprises a working pad, and wherein the individualized manufacturing parameter is a size of

the working pad, and further wherein the size of the working pad is an area of the working pad or

a thickness of the working pad.

33. The method of claim 31, wherein each in vitro analyte sensor comprises at least

one electrical trace and wherein the individualized manufacturing parameter is a resistance of the

at least one electrical trace.

34. The method of claim 1, wherein the plurality of medical devices is a plurality of

analyte sensors each comprising a sensor substrate, and wherein at least partially manufacturing

the plurality of analyte sensors comprises:

modifying an area of a surface of each sensor substrate with electromagnetic radiation to

create a modified area; and

applying a liquid agent to the surface of each sensor substrate such that the liquid agent

comes to rest in a target area on the surface, wherein the target area is determined at least in part

by the location of the modified area.

35. The method of claim 34, wherein the modified area borders the target area.



36. The method of claim 34, wherein the modified area repels the liquid

37. The method of claim 34, wherein the modified area attracts the liquid agent.

38. The method of claim 34, wherein at least partially manufacturing the plurality of

analyte sensors further comprises:

focusing a laser on the surface of each sensor substrate; and

activating the laser to modify the area of the surface of each sensor substrate with

electromagnetic radiation to create the modified area.

39. The method of claim 34, wherein at least partially manufacturing the plurality of

analyte sensors further comprises:

transferring each sensor substrate to a liquid agent dispense system having a nozzle; and

applying the liquid agent from the nozzle to the surface of each sensor substrate such that

the liquid agent comes to rest in the target area on the surface.

40. The method of claim 1, wherein the plurality of medical devices is a plurality of

analyte sensors each comprising a sensor substrate, and wherein at least partially manufacturing

the plurality of analyte sensors comprises:

creating a well in each sensor substrate; and

applying a liquid agent into the well in each sensor substrate such that the liquid agent

comes to rest in the well.

4 1. The method of claim 40, wherein the liquid agent covers at least a portion of the

bottom and substantially contacts the sidewall.



42. The method of claim 41, further comprising:

aligning a tip of a tool with an alignment feature on a surface of the sensor substrate; and

forcing the tip of the tool into the substrate to create the well in the substrate.

43. The method of claim 42, further comprising:

transferring the substrate to a liquid agent dispense system having a nozzle, wherein

applying the liquid agent into the well in the sensor substrate such that the liquid agent comes to

rest in the well comprises dispensing a drop of the liquid agent from the nozzle into the well.

44. A method for calibrating individual medical devices, comprising:

measuring an individualized manufacturing parameter of each medical device in a

plurality of medical devices; and

determining, with processing circuitry, individualized calibration information for each

medical device in the plurality using at least a representation of the individualized manufacturing

parameter for each medical device and a representation of a baseline sensing characteristic.

45. The method of claim 44, wherein each of the medical devices in the plurality is an

analyte sensor adapted to sense an analyte.

46. The method of claim 44, wherein the plurality of medical devices is a second

plurality, the method further comprising determining the baseline sensing characteristic from

clinical test data of a first plurality of medical devices.

47. The method of claim 44, wherein the plurality of medical devices is a second

plurality, the method further comprising:

measuring an individualized manufacturing parameter of each medical device in a first

plurality of medical devices;



performing clinical testing with the first plurality of medical devices to obtain clinical test

data; and

determining the baseline sensing characteristic from the clinical test data.

48. The method of claim 47, wherein each medical device in the first plurality is an in

vivo analyte sensor, and the clinical testing is in vivo testing.

49. The method of claim 47, wherein each medical device in the first plurality is an in

vitro analyte sensor, and the clinical testing is in vitro testing.

50. The method of claim 44, wherein the individualized manufacturing parameter is a

size of a sensing region of each medical device or a size of a membrane of each medical device.

51. The method of claim 44, wherein the individualized manufacturing parameter is a

size of a sensing region of each medical device, the sensing region comprising a sensing element,

wherein the sensing element is in a well of a sensor substrate and/or the sensing element is on or

adjacent to a modified area of the sensor substrate having a liquid mobility characteristic

different than an adjacent area of the sensor substrate.

52. A method for calibrating individual analyte sensors, comprising:

at least partially manufacturing a plurality of analyte sensors, the plurality comprising a

first subset and a second subset, wherein each of the analyte sensors in the plurality are adapted

for in vivo sensing of an analyte level;

measuring an individualized manufacturing parameter of each analyte sensor in the

plurality;

determining, with processing circuitry, an in vitro sensitivity of the first subset from data

obtained by in vitro testing the first subset; and



performing (a)-(c) for each analyte sensor in the second subset using processing circuitry:

(a) determining an in vitro sensitivity of a respective analyte sensor in the second

subset using at least the representation of the individualized manufacturing parameter for

the respective analyte sensor and the representation of the in vitro sensitivity of the first

subset;

(b) determining an in vivo sensitivity of the respective analyte sensor using a

representation of the in vitro sensitivity of the respective analyte sensor; and

(c) determining individualized calibration information for the respective analyte

sensor that corresponds to the in vivo sensitivity of the respective analyte sensor.

53. The method of claim 52, wherein each analyte sensor in the plurality comprises a

sensing region and wherein the individualized manufacturing parameter is a size of the sensing

region.

54. The method of claim 53, wherein the representation of the individualized

manufacturing parameter for the respective analyte sensor is a deviation of the size of the sensing

region of the respective analyte sensor from a central tendency of a size of the sensing region for

the plurality of analyte sensors.

55. The method of claim 53, wherein the sensing region comprises a sensing element,

the sensing element being in a well of a sensor substrate and/or the sensing element being on or

adjacent to a modified area of the sensor substrate having a liquid mobility characteristic

different than an adjacent area of the sensor substrate.

56. The method of claim 52, wherein each of the analyte sensors in the plurality

comprises a membrane for the sensing region and wherein the individualized manufacturing

parameter is a size of the membrane.



57. The method of claim 56, wherein the representation of the individualized

manufacturing parameter for the respective analyte sensor is a deviation of the size of the

membrane of the respective analyte sensor from a central tendency of a size of the membrane for

the plurality of analyte sensors.

58. The method of claim 52, wherein each of the analyte sensors in the plurality

comprises a sensing region and a membrane for the sensing region, wherein measuring an

individualized manufacturing parameter of each analyte sensor in the plurality comprises

measuring a size of the sensing region and a size of the membrane of each analyte sensor.

59. The method of claim 58, wherein the in vitro sensitivity of the respective analyte

sensor is determined using: a representation of the size of the sensing region of the respective

analyte sensor; a representation of the size of the membrane of the respective analyte sensor; and

a representation of the in vitro sensitivity of the first subset.

60. The method of claim 59, wherein the representation of the in vitro sensitivity

comprises a slope and/or an intercept of a central tendency of in vitro sensitivity of the first

subset.

61. The method of claim 59, wherein the in vitro sensitivity of the respective analyte

sensor in the second subset is determined by modeling a correlation between a representation of

the size of the sensing region of the respective analyte sensor, a representation of the size of the

membrane of the respective analyte sensor, and a representation of the in vitro sensitivity of the

first subset.

62. The method of any of claims 15 or 61, wherein modeling the correlation utilizes

at least one of the following: a linear regression model; a multiple variable regression model; a



random forest model; a non-linear model; a Bayesian regression model; a neural network; a

machine learning model; a non-random decision tree; or a discriminant analysis model.

63. The method of any of claims 15 or 61, wherein modeling the correlation utilizes a

multiple variable regression model.

64. The method of claim 52, wherein the in vivo sensitivity of the respective analyte

sensor is determined by applying a representation of the in vitro sensitivity of the respective

analyte sensor to a transfer function.

65. The method of claim 52, wherein determining individualized calibration

information for the respective analyte sensor comprises identifying, from a plurality of

predetermined calibration codes, a calibration code that most closely represents the in vivo

sensitivity of the respective analyte sensor.

66. A method for calibrating individual medical devices, comprising:

at least partially manufacturing a first medical device and a second medical device,

wherein the first and second medical devices are adapted to sense a biochemical attribute;

measuring a manufacturing parameter of the second medical device;

determining, with processing circuitry, an in vitro sensing characteristic of the first

medical device from data obtained by in vitro testing the first medical device; and

determining, with processing circuitry, calibration information for the second medical

device using at least a representation of the manufacturing parameter of the second medical

device and a representation of the in vitro sensing characteristic of the first medical device.



67. The method of claim 66, wherein the first medical device is a first analyte sensor,

the second medical device is a second analyte sensor, and the biochemical attribute is an analyte

level.

68. The method of claim 67, wherein the first and second analyte sensors are adapted

to sense the analyte level in vivo, wherein the second analyte sensor comprises a sensing region

and a membrane for the sensing region, and wherein the manufacturing parameter is a size of the

sensing region or a size of the membrane.

69. The method of claim 68, wherein the sensing region comprises a sensing element,

the sensing element being in a well of a sensor substrate and/or the sensing element being on or

adjacent to a modified area of the sensor substrate having a liquid mobility characteristic

different than an adjacent area of the sensor substrate.

70. The method of claim 68, wherein measuring the manufacturing parameter of the

second analyte sensor comprises measuring a size of the sensing region and a size of the

membrane of the second analyte sensor, and wherein the calibration information for the second

analyte sensor is determined using a representation of the size of the sensing region, a

representation of the size of the membrane, and a representation of the in vitro sensing

characteristic of the first analyte sensor.

71. The method of claim 68, wherein determining calibration information for the

second analyte sensor comprises:

determining, with processing circuitry, an in vitro sensing characteristic of the second

analyte sensor using at least the representation of the manufacturing parameter of the second

analyte sensor and the representation of the in vitro sensing characteristic of the first analyte

sensor;



determining, with processing circuitry, an in vivo sensing characteristic of the second

analyte sensor using a representation of the in vitro sensing characteristic of the second analyte

sensor; and

determining, with processing circuitry, calibration information for the second analyte

sensor that corresponds to the in vivo sensing characteristic of the second analyte sensor.

72. The method of claim 71, further comprising determining the in vitro sensing

characteristic of the second analyte sensor with a model, wherein the representation of the

manufacturing parameter of the second analyte sensor and the representation of the in vitro

sensing characteristic of the first analyte sensor are inputs to the model.

73. The method of claim 72, wherein the second analyte sensor comprises a sensing

region and a membrane for the sensing region, wherein measuring the manufacturing parameter

of the second analyte sensor comprises measuring a size of the sensing region and a size of the

membrane of the second analyte sensor, and wherein a representation of the size of the sensing

region, a representation of the size of the membrane, and a representation of the in vitro sensing

characteristic are inputs to the model.

74. The method of claim 68, further comprising storing the calibration information for

the second analyte sensor in a non-transitory memory of sensor electronics assigned to the

second analyte sensor.

75. The method of claim 68, further comprising storing the calibration information for

the second analyte sensor in a non-transitory memory of a server.

76. The method of claim 75, further comprising:



receiving a request, at the server, for the calibration information for the second analyte

sensor from a requesting device; and

downloading the calibration information from the server to the requesting device.

77. The method of any of claims 66-76, wherein the second medical device is not in

vitro tested.

78. A method for calibrating individual medical devices adapted to sense a

biochemical attribute, comprising:

determining, with processing circuitry, a sensing characteristic of a first medical device;

and

determining, with processing circuitry, calibration information for a second medical

device using at least a representation of a manufacturing parameter of the second medical device

and a representation of the sensing characteristic of the first medical device.

79. The method of claim 78, further comprising:

at least partially manufacturing the first medical device and the second medical device

and measuring the manufacturing parameter of the second medical device.

80. The method of claim 78, wherein the sensing characteristic is an in vitro sensing

characteristic determined from data obtained by in vitro testing the first medical device.

81. The method of claim 78, wherein the first medical device is a first analyte sensor,

the second medical device is a second analyte sensor, the biochemical attribute is an analyte

level, and the first and second analyte sensors are adapted to sense the analyte level in vivo.



82. The method of claim 78, wherein the second medical device comprises a sensing

region and the manufacturing parameter is a size of the sensing region.

83. The method of claim 82, wherein the sensing region comprises a sensing element,

the sensing element being in a well of a sensor substrate and/or the sensing element being on or

adjacent to a modified area of the sensor substrate having a liquid mobility characteristic

different than an adjacent area of the sensor substrate.

84. The method of claim 78, wherein the second medical device comprises a

membrane and the manufacturing parameter is a size of the membrane.

85. The method of claim 78, wherein the first and second medical devices are in vitro

analyte sensors.

86. The method of claim 85, wherein each in vitro analyte sensor is a test strip

comprising a working pad, wherein the manufacturing parameter is a size of the working pad,

and further wherein the size of the working pad is an area or a thickness of the working pad.

87. The method of claim 85, wherein each in vitro analyte sensor comprises at least

one electrical trace, and the manufacturing parameter is a resistance of the at least one electrical

trace.

88. The method of claim 78, wherein the manufacturing parameter is a qualitative

value.

89. A computer system for calibrating individual medical devices adapted to sense a

biochemical attribute, comprising:



processing circuitry; and

non-transitory memory communicatively coupled with the processing circuitry, wherein

the non-transitory memory has a plurality of instructions stored thereon that, when executed by

the processing circuitry, cause the processing circuitry to:

determine a sensing characteristic of a first medical device; and

determine calibration information for a second medical device using at least a

representation of a manufacturing parameter of the second medical device and a

representation of the sensing characteristic of the first medical device.

90. The computer system of claim 89, wherein the sensing characteristic is an in vitro

sensing characteristic, wherein the plurality of instructions, when executed by the processing

circuitry, cause the processing circuitry to determine the in vitro sensing characteristic from in

vitro test data of the first medical device.

91. The computer system of claim 89, wherein the first medical device is a first

analyte sensor, the second medical device is a second analyte sensor, the biochemical attribute is

an analyte level, and the first and second analyte sensors are adapted to sense the analyte level in

vivo.

92. The computer system of claim 91, wherein the manufacturing parameter is a size

of a sensing region of the second analyte sensor.

93. The computer system of claim 92, wherein the sensing region comprises a sensing

element, the sensing element being in a well of a sensor substrate and/or the sensing element

being on or adjacent to a modified area of the sensor substrate having a liquid mobility

characteristic different than an adjacent area of the sensor substrate.



94. The computer system of claim 91, wherein the manufacturing parameter is a size

of a membrane of the second analyte sensor.

95. The computer system of claim 89, wherein the first medical device is a first in

vitro analyte sensor and the second medical device is a second in vitro analyte sensor.

96. The computer system of claim 95, wherein each in vitro analyte sensor is a strip

and comprises a working pad, wherein the manufacturing parameter is a size of the working pad,

and further wherein the size of the working pad is an area or a thickness of the working pad.

97. The computer system of claim 95, wherein each in vitro analyte sensor comprises

at least one electrical trace and the manufacturing parameter is a resistance of the at least one

electrical trace.

98. The computer system of claim 89, wherein the manufacturing parameter is a

qualitative value.

99. The computer system of claim 89, wherein the manufacturing parameter is an

individualized manufacturing parameter that is quantitative.

100. A computer system for calibrating individual medical devices adapted to sense a

biochemical attribute, comprising:

processing circuitry; and

non-transitory memory communicatively coupled with the processing circuitry, wherein

the non-transitory memory has a plurality of instructions stored thereon that, when executed by

the processing circuitry, cause the processing circuitry to:



determine an in vitro sensing characteristic of a first subset of a plurality of

medical devices from in vitro test data of the first subset; and

determine individualized calibration information for each medical device in a

second subset of the plurality of medical devices using at least a representation of an

individualized manufacturing parameter for each medical device in the second subset and

a representation of the in vitro sensing characteristic of the first subset, wherein the

medical devices in the first subset are different from the medical devices in the second

subset.

101. The computer system of claim 100, wherein each of the medical devices in the

plurality is an analyte sensor, the biochemical attribute is a level of an analyte, and each analyte

sensor in the plurality is adapted to sense the analyte level in vivo.

102. The computer system of claim 101, wherein the in vitro sensing characteristic is

in vitro sensitivity to the analyte.

103. The computer system of claim 101, wherein the individualized manufacturing

parameter is a size of a sensing region of each analyte sensor in the second subset.

104. The computer system of claim 103, wherein the size of the sensing region is

representative of at least one of the following: a width of the sensing region, a length of the

sensing region, a thickness of the sensing region, a peripheral length of the sensing region, an

area of the sensing region, or a volume of the sensing region.

105. The computer system of claim 103, wherein the sensing region comprises a

sensing element, the sensing element being in a well of a sensor substrate and/or the sensing

element being on or adjacent to a modified area of the sensor substrate having a liquid mobility

characteristic different than an adjacent area of the sensor substrate.



106. The computer system of claim 101, wherein the individualized manufacturing

parameter is a size of a membrane of each analyte sensor in the second subset.

107. The computer system of claim 106, wherein the size of the membrane is

representative of at least one of the following: a width of the membrane, a length of the

membrane, a thickness of the membrane, a peripheral length of the membrane, an area of the

membrane, or a volume of the membrane.

108. The computer system of claim 101, wherein each analyte sensor in the second

subset is associated with a different sensor electronics assembly of a plurality of sensor

electronics assemblies, each sensor electronics assembly of the plurality of sensor electronics

assemblies comprising a non-transitory memory, and wherein the plurality of instructions, when

executed by the processing circuitry, cause the processing circuitry to output corresponding

individualized calibration information for storage in each non-transitory memory.

109. The computer system of claim 101, wherein the plurality of instructions, when

executed by the processing circuitry, cause the processing circuitry to determine the

individualized calibration information for each analyte sensor in the second subset using: a

representation of a size of a sensing region of a respective analyte sensor in the second subset; a

representation of a size of a membrane of the respective analyte sensor in the second subset; and

the representation of the in vitro sensitivity of the first subset.

110. The computer system of claim 109, wherein the representation of the in vitro

sensitivity comprises a slope and/or an intercept of a central tendency of in vitro sensitivity of the

first subset.

111. The computer system of claim 101, wherein the plurality of instructions, when

executed by the processing circuitry, cause the processing circuitry to determine individualized



calibration information for each analyte sensor in the second subset by performance of (a)-(c)

independently for each analyte sensor in the second subset:

(a) determine an in vitro sensitivity of a respective analyte sensor in the second subset

with at least the representation of the individualized manufacturing parameter for the respective

analyte sensor and the representation of the in vitro sensitivity of the first subset;

(b) determine an in vivo sensitivity of the respective analyte sensor with a representation

of the in vitro sensitivity of the respective analyte sensor; and

(c) determine individualized calibration information for the respective analyte sensor that

corresponds to the in vivo sensitivity of the respective analyte sensor.

112. The computer system of claim 111, wherein the plurality of instructions, when

executed by the processing circuitry, cause the processing circuitry to determine the in vitro

sensitivity of the respective analyte sensor in the second subset by modeling a correlation

between the representation of the individualized manufacturing parameter for the respective

analyte sensor and the representation of the in vitro sensitivity of the first subset with a model.

113. The computer system of claim 112, wherein the model is at least partially

represented by: SCMD = SCB + a + β RMPA) or SCMD = SCB + l + 0.l(a +

( RMP wherein SCMD is the in vitro sensitivity of the respective analyte sensor, SCB is

the representation of the in vitro sensitivity of the first subset, a is a zero or non-zero adjustment

factor, RMPA is the representation of the individualized manufacturing parameter for the

respective analyte sensor, and β is a coefficient for RMPA.

114. The computer system of claim 112, wherein the model is at least partially

represented by: SCMD = SCB + a + β RMPA) + δ RMP^) or SCM = SC + ( l +

0.1(a + ( ? RMPA) + δ RMPl))), wherein SCMD is the in vitro sensitivity of the respective

analyte sensor, SCB is the representation of the in vitro sensitivity of the first subset, a is a zero

or non-zero adjustment factor, RMPA is the representation of the individualized manufacturing



parameter for the respective analyte sensor, and β is a coefficient for RMPA , and δ is a

coefficient for RMPA squared.

115. The computer system of claim 111, wherein each analyte sensor of the plurality

comprises a sensing region and a membrane for the sensing region, wherein the plurality of

instructions, when executed by the processing circuitry, cause the processing circuitry to

determine the in vitro sensitivity of the respective analyte sensor in the second subset by input of

a representation of a size of the sensing region of the respective analyte sensor, a representation

of a size of the membrane of the respective analyte sensor, and a representation of the in vitro

sensitivity into a model.

116. The computer system of claim 111, wherein the plurality of instructions, when

executed by the processing circuitry, cause the processing circuitry to determine the in vivo

sensitivity of the respective analyte sensor by application of a representation of the in vitro

sensitivity of the respective analyte sensor to a transfer function.

117. The computer system of claim 111, wherein the plurality of instructions, when

executed by the processing circuitry, cause the processing circuitry to determine individualized

calibration information for the respective analyte sensor by identification of, from a plurality of

predetermined calibration codes, a calibration code that most closely represents the in vivo

sensitivity of the respective analyte sensor.

118. The computer system of claim 101, wherein the individualized manufacturing

parameter is a first individualized manufacturing parameter, and wherein the plurality of

instructions, when executed by the processing circuitry, cause the processing circuitry to

determine individualized calibration information for each analyte sensor in the second subset by

performance of (a)-(c) independently for each analyte sensor in the second subset:

(a) determine an in vitro sensitivity of a respective analyte sensor in the second subset

using at least: the representation of the first individualized manufacturing parameter for the



respective analyte sensor, a representation of a second individualized manufacturing parameter

for the respective analyte sensor, and the representation of the in vitro sensitivity of the first

subset;

(b) determine an in vivo sensitivity of the respective analyte sensor using a representation

of the in vitro sensitivity of the respective analyte sensor; and

(c) determine individualized calibration information for the respective analyte sensor that

corresponds to the in vivo sensitivity of the respective analyte sensor.

119. The computer system of claim 101, wherein the plurality of instructions, when

executed by the processing circuitry, cause the processing circuitry to determine individualized

calibration information for each analyte sensor in the second subset by performance of (a) and

(b) independently for each analyte sensor in the second subset:

(a) determine an in vitro sensitivity of a respective analyte sensor in the second subset

with at least the representation of the individualized manufacturing parameter for the respective

analyte sensor and the representation of the in vitro sensitivity of the first subset; and

(b) determine individualized calibration information for the respective analyte sensor that

corresponds to the in vitro sensitivity of the respective analyte sensor.

120. The computer system of claim 100, wherein each medical device in the plurality

is an in vitro analyte sensor.

121. The computer system of claim 120, wherein each in vitro analyte sensor is a test

strip and comprises a working pad, wherein the individualized manufacturing parameter is a size

of the working pad.

122. The computer system of claim 120, wherein each in vitro analyte sensor

comprises at least one electrical trace and the individualized manufacturing parameter is a

resistance of the at least one electrical trace.



123. An analyte monitoring system, comprising:

a sensor control device comprising:

an in vivo analyte sensor; and

electronics communicatively coupled with the in vivo analyte sensor, the electronics

comprising non-transitory memory, wherein individualized calibration information is stored in

the memory, wherein the individualized calibration information is based on a measured

manufacturing parameter of the in vivo analyte sensor and is specific to the in vivo analyte

sensor.

124. The analyte monitoring system of claim 123, wherein the electronics further

comprises wireless communication circuitry and processing circuitry, and wherein the non-

transitory memory has a plurality of instructions stored thereon that, when executed by the

processing circuitry, cause the processing circuitry to:

determine an analyte level from raw data measured by the in vivo analyte sensor and

from the individualized calibration information; and

output the determined analyte level to the wireless communication circuitry for

transmission.

125. The analyte monitoring system of claim 123, wherein the electronics further

comprises wireless communication circuitry and processing circuitry, and wherein the non-

transitory memory includes a plurality of instructions stored thereon that, when executed by the

processing circuitry, cause the processing circuitry to:

output the individualized calibration information to the wireless communication circuitry

for transmission; and

output raw analyte data collected by the in vivo analyte sensor to the wireless

communication circuitry for transmission.



126. The analyte monitoring system of claim 123, wherein the sensor control device

has a lifespan and is usable for the lifespan without user calibration.

127. The analyte monitoring system of claim 123, wherein the sensor control device

has a lifespan and is usable for the lifespan without user calibration and without system

calibration.

128. The analyte monitoring system of claim 123, further comprising:

a reader device comprising processing circuitry, wireless communication circuitry, and

non-transitory memory comprising a plurality of instructions that, when executed by the

processing circuitry, cause the processing circuitry to determine an analyte level from raw data

measured by the in vivo analyte sensor and from the individualized calibration information, the

raw analyte data and individualized communication information being received from the sensor

control device.

129. The analyte monitoring system of claim 123, wherein the measured

manufacturing parameter is a size of a sensing region of the in vivo analyte sensor, wherein the

sensing region comprises a sensing element, the sensing element being in a well of a sensor

substrate and/or the sensing element being on or adjacent to a modified area of the sensor

substrate having a liquid mobility characteristic different than an adjacent area of the sensor

substrate.

130. A method of analyte monitoring, the method comprising:

processing raw analyte data, collected with an analyte sensor, with individualized

calibration information to determine an analyte level of the user, wherein the individualized

calibration information is based on a measured manufacturing parameter of the analyte sensor

and is specific to the analyte sensor.



131. The method of claim 130, wherein the analyte sensor is an in vivo analyte sensor

that is a component of a sensor control device, the sensor control device further comprising

processing circuitry, wherein the processing circuitry of the sensor control device processes the

raw analyte data with individualized calibration information to determine the analyte level of the

user.

132. The method of claim 131, further comprising:

collecting raw analyte data from a user with the in vivo analyte sensor prior to processing

the raw analyte data.

133. The method of claim 131, further comprising:

wirelessly communicating the individualized calibration information to a reader device;

and

wirelessly communicating the collected raw analyte data to a reader device.

134. The method of claim 133, wherein the reader device comprises processing

circuitry, wherein the processing circuitry of the reader device processes the raw analyte data

with individualized calibration information to determine the analyte level of the user.

135. The method of claim 131, wherein the in vivo analyte sensor has a lifespan, the

method further comprising using the in vivo analyte sensor for the lifespan without performing

user calibration.

136. The method of claim 131, wherein the in vivo analyte sensor has a lifespan, the

method further comprising using the in vivo analyte sensor for the lifespan without performing

user calibration and without performing system calibration.



137. The method of claim 130, wherein the analyte sensor is an in vitro analyte sensor.

138. The method of claim 130, wherein the measured manufacturing parameter is a

size of a sensing region of the analyte sensor, wherein the sensing region comprises a sensing

element, the sensing element being in a well of a sensor substrate and/or the sensing element

being on or adjacent to a modified area of the sensor substrate having a liquid mobility

characteristic different than an adjacent area of the sensor substrate.

139. A kit, comprising:

a first in vivo analyte sensor of a first sensor control device;

first electronics of the first sensor control device, the first electronics comprising a first

non-transitory memory on which is stored first individualized calibration information that is

based on a measured manufacturing parameter of the first in vivo analyte sensor and is specific

to the first in vivo analyte sensor;

a second in vivo analyte sensor of a second sensor control device; and

second electronics of the second sensor control device, the second electronics comprising

a second non-transitory memory on which is stored second individualized calibration

information that is based on a measured manufacturing parameter of the second in vivo analyte

sensor and is specific to the second in vivo analyte sensor,

wherein the first in vivo analyte sensor, the first electronics, the second in vivo analyte

sensor, and the second electronics are coupled with each other by a common packaging.

140. The kit of claim 139, wherein the first and second in vivo analyte sensors are from

the same in vivo sensor manufacturing lot.

141. The kit of claim 139, further comprising:

a third in vivo analyte sensor of a third sensor control device; and



third electronics of the third sensor control device, the third electronics comprising a third

non-transitory memory on which is stored third individualized calibration information that is

based on a measured manufacturing parameter of the third in vivo analyte sensor and is specific

to the third in vivo analyte sensor,

wherein the first in vivo analyte sensor, the first electronics, the second in vivo analyte

sensor, the second electronics, the third in vivo sensor, and the third electronics are coupled with

each other by a common packaging.

142. The kit of claim 139, wherein the first, second, and third in vivo analyte sensors

are from the same in vivo sensor manufacturing lot.

143. The kit of claim 139, wherein the measured manufacturing parameter is a size of a

sensing region of the first in vivo analyte sensor, wherein the sensing region comprises a sensing

element, the sensing element being in a well of a sensor substrate and/or the sensing element

being on or adjacent to a modified area of the sensor substrate having a liquid mobility

characteristic different than an adjacent area of the sensor substrate.

144. A method of analyte monitoring, the method comprising:

collecting a sample of body fluid from a living body on an in vitro strip, the in vitro strip

comprising an in vitro analyte sensor;

inserting the in vitro strip into a meter; and

determining an analyte level in the sample of body fluid using individualized calibration

information and a signal received from the in vitro analyte sensor, wherein the individualized

calibration information is based on a measured manufacturing parameter of the in vitro analyte

sensor and is specific to the in vitro analyte sensor.

145. The method of claim 144, further comprising at least one of:



manually typing the individualized calibration information into the meter; or

automatically inputting the individualized calibration information into the meter.

146. The method of claim 144, further comprising automatically inputting the

individualized calibration information into the meter by using an optical scanner and at least one

of the following: a barcode, a data matrix code, a two-dimensional code, or a three-dimensional

code.

147. The method of claim 144, further comprising automatically inputting the

individualized calibration information into the meter by using at least one of the following: an

R tag, a resistive coded trace, a ROM calibrator, or Bluetooth circuitry.

148. The method of claim 144, further comprising:

obtaining the calibration information by a second electronic device; and

sending the calibration information to the meter over a Bluetooth connection.

149. The method of claim 148, wherein the second electronic device is a mobile phone.

150. The method of claim 149, wherein the calibration information is obtained by use

of an optical scanner or Near Field Communication (NFC) circuitry of the phone.

151. The method of claim 144, wherein the measured manufacturing parameter is a

size of a sensing region of the in vitro analyte sensor, wherein the sensing region comprises a

sensing element, the sensing element being in a well of a sensor substrate and/or the sensing

element being on or adjacent to a modified area of the sensor substrate having a liquid mobility

characteristic different than an adjacent area of the sensor substrate.



152. A method for individualized medical device calibration, comprising:

determining, with processing circuitry, individualized calibration information for a

medical device using at least a representation of a manufacturing parameter of the medical

device.

153. The method of claim 152, wherein the medical device is a first medical device,

the method further comprising:

determining, with processing circuitry, the individualized calibration information for the

first medical device using at least the representation of the manufacturing parameter for the first

medical device and a representation of a sensing characteristic of a second medical device.

154. The method of claim 153, further comprising:

determining, with processing circuitry, the representation of the sensing characteristic of

the second medical device.

155. The method of claim 153, further comprising:

performing an in vitro test on the second medical device; and

determining, with processing circuitry, the representation of the sensing characteristic of

the second medical device from in vitro test data collected from the in vitro test.

156. The method of claim 153, further comprising:

obtaining the manufacturing parameter from the first medical device.

157. The method of claim 156, wherein the manufacturing parameter is obtained

during or after a manufacturing stage for the first medical device.



158. The method of any of claims 153-157, wherein the first and second medical

devices are in vivo sensors.

159. The method of any of claims 153-158, wherein the representation of the

manufacturing parameter is a representation of an individualized manufacturing parameter.

160. The method of claim 152, wherein the manufacturing parameter is a size of a

sensing region of the medical device, wherein the sensing region comprises a sensing element,

the sensing element being in a well of a sensor substrate and/or the sensing element being on or

adjacent to a modified area of the sensor substrate having a liquid mobility characteristic

different than an adjacent area of the sensor substrate.

161 . A method of manufacturing, comprising:

modifying an area of a surface of a sensor substrate with electromagnetic radiation to

create a modified area; and

applying a liquid agent to the surface of the sensor substrate such that the liquid agent

comes to rest in a target area on the surface, wherein the target area is determined at least in part

by the location of the modified area.

162. The method of claim 161, wherein the modified area borders the target area.

163. The method of claim 161, wherein the modified area has a ring-like shape.

164. The method of claim 163, wherein the target area is within an interior of the ring

like shape.



165. The method of claim 163, wherein the ring-like shape has an interior border that

defines an interior of the ring-like shape, and the target area is the interior of the ring-like shape.

166. The method of claim 163, wherein the ring-line shape is a region between two

concentric circles.

167. The method of claim 161, wherein the target area is round or polygonal.

168. The method of claim 161, wherein the target area is not adjacent to the modified

area.

169. The method of claim 161, wherein the modified area and the target area are the

same.

170. The method of claim 161, wherein the modified area attracts the liquid agent.

171. The method of claim 161, wherein the modified area repels the liquid agent.

172. The method of claim 161, wherein the electromagnetic radiation is laser radiation

in the ultraviolet, visible, or infrared spectrum.

173. The method of claim 172, wherein the laser radiation is pulsed to create the

modified area.

174. The method of claim 161, wherein the modified area of the sensor substrate

comprises carbon.



175. The method of claim 161, further comprising:

focusing a laser on the surface of the sensor substrate; and

activating the laser to modify the area of the surface of the sensor substrate with laser

radiation to create the modified area.

176. The method of claim 161, wherein the electromagnetic radiation is laser radiation,

the method further comprising:

entering a size for the modified area into a laser marking system; and

focusing the laser marking system on the substrate prior to modifying the area of the

surface of the sensor substrate with laser radiation.

177. The method of claim 176, wherein the modified area is a first modified area, the

method further comprising:

moving either the substrate or a portion of the laser marking system; and

modifying a second area of the surface of the sensor substrate with laser radiation to

create a second modified area.

178. The method of claim 176, further comprising:

transferring the substrate to a liquid agent dispense system having a nozzle; and

applying the liquid agent from the nozzle to the surface of the sensor substrate such that

the liquid agent comes to rest in the target area on the surface.

179. The method of claim 161, wherein the liquid agent is an electrochemical agent.

180. The method of claim 161, further comprising drying the liquid agent to form a

sensing element in the target area.



181. The method of claim 161, wherein the modified area is at least one of: a bottom of

a well in the substrate, a sidewall of a well in the substrate, or an area surrounding a well in the

substrate.

182. A method of manufacturing, comprising:

creating a well in a sensor substrate; and

applying a liquid agent into the well in the sensor substrate such that the liquid agent

comes to rest in the well.

183. The method of claim 182, wherein the well comprises a bottom and a sidewall.

184. The method of claim 183, wherein the liquid agent is applied to the bottom of the

well.

185. The method of claim 182, wherein the liquid agent is an electrochemical agent.

186. The method of claim 185, further comprising drying the liquid agent to form a

sensing element in the well.

187. The method of claim 186, wherein the well comprises a bottom and a sidewall,

and the sensing element covers a majority of the bottom.

188. The method of claim 186, wherein the well comprises a bottom and a sidewall,

and the sensing element covers the entire bottom.



189. The method of claim 182, wherein the well comprises a bottom surface that is

round, circular, or polygonal.

190. The method of claim 182, further comprising:

aligning a tip of a tool with an alignment feature on a surface of the sensor substrate; and

forcing the tip of the tool into the substrate to create the well in the substrate.

191 . The method of claim 190, wherein the well is a first well, the method further

comprising:

moving either the substrate or the tip of the tool; and

forcing the tip of the tool into the substrate to create a second well in the substrate.

192. The method of claim 190, further comprising:

transferring the substrate to a liquid agent dispense system having a nozzle, wherein

applying the liquid agent into the well in the sensor substrate such that the liquid agent comes to

rest in the well comprises dispensing a drop of the liquid agent from the nozzle into the well.

193. The method of claim 182, wherein a bottom surface of the well has been modified

with electromagnetic radiation and has a liquid mobility characteristic that is different from an

adjacent surface of the substrate.

194. The method of claim 182, wherein a sidewall surface of the well has been

modified with electromagnetic radiation and has a liquid mobility characteristic that is different

from an adjacent surface of the substrate.



195. The method of claim 182, wherein a surface of the substrate surrounding the well

has been modified with electromagnetic radiation and has a liquid mobility characteristic that is

different from an adjacent surface of the substrate.

196. An analyte monitoring system, comprising:

an in vivo analyte sensor comprising a substrate and at least one sensing element on the

substrate, the at least one sensing element comprising an electrochemical agent,

wherein the sensing element is on, adjacent to, or in proximity to a modified area on a

surface of the substrate, the modified area having a liquid mobility characteristic that is different

from an area of the surface of the substrate adjacent to the modified area.

197. The system of claim 196, wherein the modified area has a ring-like shape.

198. The system of claim 197, wherein the sensing element is within an interior of the

ring-like shape.

199. The system of claim 197, wherein the ring-like shape has an interior border that

defines an interior of the ring-like shape, and the sensing element covers the interior of the ring

like shape.

200. The system of claim 197, wherein the ring-line shape is a region between two

concentric circles.

201. The system of claim 196, wherein the modified area is round.

202. The system of claim 201, wherein the modified area is circular or elliptical.



203. The system of claim 196, wherein the sensing element is on the modified area.

204. The system of claim 196, wherein the sensing element is adjacent to the modified

area.

205. The system of claim 196, wherein the liquid mobility characteristic is such that

the electrochemical agent in liquid form is relatively more attracted to the modified area than the

area of the surface of the substrate adjacent to the modified area.

206. The system of claim 196, wherein the liquid mobility characteristic is such that

the electrochemical agent in liquid form is relatively more attracted to the area of the surface of

the substrate adjacent to the modified area than to the modified area.

207. The system of claim 196, wherein the modified area is at least one of a bottom of

a well in the substrate, a sidewall of a well in the substrate, or an area surrounding a well in the

substrate.

208. The system of claim 196, further comprising:

electronics communicatively coupled with the in vivo analyte sensor, the electronics

comprising non-transitory memory, wherein individualized calibration information is stored in

the memory, wherein the individualized calibration information is based on a measured

manufacturing parameter of the in vivo analyte sensor and is specific to the in vivo analyte

sensor.

209. The system of claim 208, wherein the measured manufacturing parameter is

representative, at least in part, of a size of the sensing element.



210. The system of claim 208, wherein the in vivo analyte sensor comprises a

membrane, and the measured manufacturing parameter is representative, at least in part, of a size

of the membrane.

2 11. The system of claim 196, wherein the in vivo analyte sensor is manufactured

according to any of claims 161-181.

212. An analyte monitoring system, comprising:

an in vivo analyte sensor comprising a substrate and at least one sensing element on the

substrate, the at least one sensing element comprising an electrochemical agent,

wherein the sensing element is in a well in a surface of the substrate.

213. The system of claim 212, wherein the well comprises a bottom surface.

214. The system of claim 213, wherein the sensing element covers only a portion of

the bottom surface of the well.

215. The system of claim 213, wherein the sensing element covers the entire bottom

surface of the well.

216. The system of claim 212, wherein the sensing element has a height that is less

than a depth of the well.

217. The system of claim 212, wherein the sensing element has a height that is equal to

a depth of the well.



218. The system of claim 212, wherein the sensing element has a height that is greater

than a depth of the well.

219. The system of claim 212, wherein the well comprises a bottom surface that is

round or polygonal.

220. The system of claim 212, wherein a bottom surface of the well has a liquid

mobility characteristic that is different from an adjacent surface of the substrate.

221. The system of claim 212, wherein the well comprises a bottom surface and a

sidewall surface.

222. The system of claim 221, wherein the bottom surface of the well has a liquid

mobility characteristic that is different from an adjacent surface of the substrate.

223. The system of claim 221, wherein the sidewall surface of the well has a liquid

mobility characteristic that is different from an adjacent surface of the substrate.

224. The system of claim 221, wherein a surface of the substrate surrounding the well

has a liquid mobility characteristic that is different from an adjacent surface of the substrate.

225. The system of claim 212, further comprising:

electronics communicatively coupled with the in vivo analyte sensor, the electronics

comprising non-transitory memory, wherein individualized calibration information is stored in

the memory, wherein the individualized calibration information is based on a measured

manufacturing parameter of the in vivo analyte sensor and is specific to the in vivo analyte

sensor.



226. The system of claim 225, wherein the measured manufacturing parameter is

representative, at least in part, of a size of the sensing element.

227. The system of claim 225, wherein the in vivo analyte sensor comprises a

membrane, and the measured manufacturing parameter is representative, at least in part, of a size

of the membrane.

228. The system of claim 212, wherein the in vivo analyte sensor is manufactured

according to any of claims 182-195.
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